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perfusion. Such tissue properties can be seen as the intrinsic con-
trast of any MR image. The basics of image contrast due to the
presence of these mechanisms are explained in this lecture.
However, every MR image is also strongly dependent on the
choice of MR sequences and its parameters such as repetition time
TR, echo time TE, inversion time TI or flip angle α of the RF
pulse. The proper selection of all these parameters is essential for
achieving the best image contrast, enhancing the visibility of the
pathology. Therefore, the relationship between image contrast and
sequence parameters (TR,TE, TI, α) is discussed for main imaging
sequences as spin-echo (SE), gradient-echo (GE) or inversion re-
covery (IR) sequences and the creation of MR images optimally
weighted (T1W, T2W) for clinical use is shown.
MRI methods also offer the ability to specifically increase the con-
trast of the target tissue or pathology using the suppression of
other undesirable substance such as CSF or fat. In some clinical
situations, this can be necessary because of adverse masking of the
pathology. Principles and examples of the use of specific suppres-
sion are presented here.
General image contrast also includes the influence of the magneti-
zation transfer mechanism or susceptibility effects. These effects
are also often used nowadays either to enhance contrast (e.g. sup-
pressing static tissue in MR angiography) or even to study brain
function (functional MRI). Imaging of spin mobility is used either
for MR angiography (macroscopic flow) or to visualize water
molecule diffusion, which provides us with a unique tool for the
diagnostic of ischemia.
Finally, the image can be strongly influenced by application of an
exogenous contrast agent, which changes the intrinsic tissue T1
and T2 relaxation times or susceptibility.

3
Fast imaging basics
M. Griswold; Physics - EP5, University of Wuerzburg,
Wuerzburg, GERMANY.

MRI has traditionally been a method of limited imaging speed,
which even today restricts its broad application in some areas.
This talk will focus on the fundamental developments which have
occurred over the last 20 years that have enabled even today�s
most basic MRI systems to operate at high imaging rates.
Particular focus will be placed on the early development of both
fast imaging sequences as well as the hardware (e.g. fast switching
gradient and RF coil array) which have allowed their widespread
use. Finally, some basics of the relatively new parallel imaging
methods will be reviewed.
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Cardiac MR basics
P. A. Wielopolski; Radiology, Erasmus Medical Center,
Rotterdam, NETHERLANDS.

Magnetic resonance imaging (MRI) can truly integrate morpho-
logical and functional studies of the cardiac muscle thanks to its
non-invasiveness, double oblique tomographic capabilities, flexi-
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MRI basics
H. T. C. Bosmans, F. De Keyzer, G. Marchal; Radiology, UZ
Gasthuisberg, Leuven, BELGIUM.
This lecture will focus on the basic tools for MR imaging.
On the microscopic scale (in an individual proton), there is a non-
zero magnetic moment that performs a spinning motion, with a
frequency that depends on the local magnetic field. These spins can
be in the low energy state or in a higher energy state. Transition
from the lower to the higher energy is possible by providing the ap-
propriate energy packages. Interestingly, radio frequent (RF) pulses
with frequencies that match the precessional frequency of the spins
can induce these energy transitions of the spins. Spins are then said
to be �excited�. So far, the magnetic signals of individual spins
cannot be measured.
On the macroscopic scale (in a small volume of the patient, e.g. in
1mm3), there is always an enormous amount of spins that can lead,
after an RF excitation pulse, to a detectable signal in a coil. In MRI,
we aim to visualise this �net magnetisation�.
Before the signal of this net magnetisation can be useful for med-
ical or biological imaging, 2 more aspects have to be fulfilled:

1. the signals of different tissues of interest should be different.
The main mechanisms of contrasts in MRI are T1 and T2 re-
laxation. Today, many more contrasts are being explored.

2. it should be possible to localise the position of the net mag-
netisation, such that images can be reconstructed. This is usu-
ally achieved by frequency selective excitation, phase
encoding (for 1 in plane direction and eventually also for the
through plane direction) and frequency encoding during the
measurement of the signal. All this relies on the relationship
between the precessional frequency and the magnetic fields
that are applied during the measurements. All different sig-
nals are put in a 2-dimensional space (eventually a 3-dimen-
sional space) in a position that is determined by the magnetic
fields during the imaging process. Different combinations of
gradients can be proposed to fill the 2D or 3D data space.
Whatever is the measurement scheme, however, after
Fourier transform of the data set, the image is obtained.
There are 2 fundamental classes of imaging schemes: gradi-
ent echo and spin echo sequences;

The best MRI images combine the required image contrast with a
measurement scheme that provides a high resolution image in an
acceptable time, or low resolution images with a high temporal res-
olution.

2
Contrast mechanisms
J. Tintera; Zrir mr, IKEM, Prague, CZECH REPUBLIC.

The contrast and signal of the MR image are created by a number
of physical properties of living tissue such as T1 and T2 relaxation
times or kinetics of water molecules such as flow, diffusion and
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bility and continually evolving acquisition concepts. Studies may
be repeated at will without any radiation exposure. Both spin echo
(SE) and gradient echo (GE) techniques have been long applied to
image the heart anatomy and physiology. SE techniques have been
used predominantly to produce anatomical images of the heart and
the great vessels (signal from blood filled compartments dark, pro-
ducing high contrast between blood and surrounding tissues, ideal
to observe vessel lumen and walls). GE techniques generally pro-
vide images in which blood appears bright by virtue of the signal
enhancement possible from inflow of non-saturated blood to the
slice of interest. Most notably among newer GE techniques are
those based on steady state free precession (SSFP) readouts. SSFP
provides consistent bright blood signal against a suppressed cardiac
muscle signal (virtually independent of flow and with high signal-
to-noise ratios and efficient sampling using short repeat times).
SSFP techniques have been extremely versatile and have been ap-
plied for 2D and 3D anatomical and functional data of the heart and
the coronary arteries. Quantification of flow through heart valves,
great vessels and the coronaries has also been possible with veloci-
ty sensitive techniques based on phase contrast (PC) GE acquisi-
tions. Initially, ECG triggered SE and GE techniques faced the
same slowness for cardiac imaging: a single line of data was ac-
quired per cardiac phase to synchronize the acquisition with the
ECG signal. Generally, scanning with SE resulted in multiple sec-
tions each scanned at a different phase of the cardiac cycle to cover
the anatomy efficiently. Acquisition times were reduced dramati-
cally by making a compromise between spatial and temporal reso-
lution using k-space segmentation, both for GE (e.g., 2D
segmented turboFLASH) and SE (e.g. fast SE scans). For each car-
diac cycle, multiple lines of k-space were then acquired and image
collection time was reduced to a comfortable breath-hold. Mutiple
magnetization preparation schemes can be included, most notably
the black blood preparation (double inversion, providing a consis-
tent suppression of the blood signal) and STIR to produce relevant
contrast for lesions.

5
Myocardial viability and energetics
H. J. Lamb; Radiology (C2S), Leiden University Medical Center,
Leiden, NETHERLANDS.

Chronically hypoperfused and severely dyssynergic myocardium
in patients with chronic coronary artery disease (CAD) can main-
tain viability through a mechanism known as 'hibernation'.
Reversal of myocardial dysfunction in patients with CAD improves
long-term survival. However, revascularization is associated with a
risk for complications and mortality. Therefore, it is clinically im-
portant to identify a priori those patients who may benefit from a
revascularization procedure.
Cardiovascular Magnetic resonance imaging (CMR) is a new and
highly reproducible technique allowing functional imaging and
MR perfusion imaging of the heart at rest and during cardiac stress.
For evaluation of myocardial viability, various approaches using
MRI have been described, including assessment of end-diastolic
wall thickness, assessment of contractile reserve using low-dose
dobutamine and assessment of scar tissue using contrast-enhanced
imaging. Recently, research has focused predominantly on these
last 2 approaches. However, from a pathophysiological point-of-
view, these 2 approaches do not reflect the same. While low-dose
dobutamine is used to demonstrate the presence of contractile re-
serve in dysfunctional myocardium (and thus identifies viable my-
ocardium), contrast-enhanced imaging identifies scar tissue. The

precise relation between these 2 techniques will be explained and
demonstrated in patient cases. Furthermore, prediction of therapy
effect based on CMR viability imaging will be discussed. In addi-
tion, technical aspects of CMR viability imaging will be discussed.

6
Cardiac MR at 3 Tesla
S. Kozerke; Institute of Biomedical Engineering, Biophysics,
Zurich, SWITZERLAND.

The wider availability of whole-body 3 Tesla MR systems
equipped with transmit body coil and dedicated receive coil arrays
has led to numerous studies investigating the benefits and chal-
lenges of cardiac imaging and spectroscopy at high field. In this
context, the potential of cardiac imaging and spectroscopy will be
reviewed and challenges discussed. Sequence design criteria and
dedicated preparation procedures which can partially or fully com-
pensate adverse effects at high field are presented.
Benefits and challenges
Benefits of cardiac imaging and spectroscopy at high field relate to
the linear increase in signal-to-noise ratio and chemical shift with
increasing static field strength. Longer longitudinal relaxation
times at higher field strengths improve signal persistence in label-
ing procedures such as myocardial tagging. Simultaneously, how-
ever, adverse effects including increased field inhomogeneity and
power consumption demand dedicated measures. Specific absorp-
tion rate (SAR) regulations require attention in particular when
using sequences employing short repetition times and large flip an-
gles as SAR increases with the power of two to the main magnetic
field. Field inhomogeneities scale linearly with increasing field
strength and pose an additional constraint.
Cardiac imaging 
Steady-state free precession (SSFP) imaging has evolved into an
indispensable tool for assessment of cardiac anatomy and function.
Given the considerable impact of SSFP sequences on cardiac imag-
ing, significant efforts have been directed towards the use of SSFP
at 3 Tesla. Given the already high power consumption of SSFP se-
quences at 1.5 Tesla, modifications at 3 Tesla are required to com-
ply with SAR regulations. It is shown, how optimal flip angles and
repetition times can be derived. In addition, procedures for dedicat-
ed shimming and frequency determination are described which can
partially compensate for increased off-resonance effects such as
banding artifacts. Example images illustrating SSFP imaging in the
heart are given. Parallel imaging as a means of reducing the total
power deposited in the patient is discussed.
Cardiac spectroscopy
The increased signal-to-noise ratio and chemical shift at higher
field strength have prompted studies investigating cardiac spec-
troscopy at 3 Tesla. Proton spectroscopy in the heart aims at detect-
ing creatine and lipid components as markers of viability. The low
concentration of metabolites and the bulk motion of the heart due
to cardiac activity and respiration make cardiac spectroscopy very
challenging. Increased inhomogeneity across the heart at higher
field requires localized and higher order shimming procedures.
This is illustrated by example cardiac spectra obtained in the
human heart with double gated spectroscopy.
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Modern body MRA techniques
T. Leiner1,2; 1Dept. of Radiology, Maastricht University Hospital,
Maastricht, NETHERLANDS, 2Maastricht University Medical
School, Cardiovascular Research Institute Maastricht, Maastricht,
NETHERLANDS.

Contrast-enhanced MR angiography has been successfully intro-
duced into clinical practice over the past years, and is now widely
available. The threedimensional (3D) nature of the MR acquisition
combined with the rapid and nearly non-invasive nature of the
technique make it well suited to examine a broad range of vascular
diseases and patients. Additional advantages are the absence of ion-
izing radiation and the use of non-nephrotoxic contrast media. The
purpose of this presentation is to provide the attendee with a theo-
retical overview of modern body MRA technique and how it can be
applied in clinical practice.
In order to give referring clinician the answers they want, it is im-
portant to consider several theoretical and practical points before
starting an MRA examination. The basis of a successful MRA ex-
amination is adequate patient posititing and instruction. Important
acquisition related topics that will be discussed are the basic MRA
sequence, the role of non-enhanced MRA techniques, rationale and
use of different k-space filling algorithms, appropriate synchroniza-
tion of contrast material arrival with image acquisition, spatial ver-
sus temporal resolution issues, the use of surface coils, and how to
evaluate MRA datasets. In addition, clinical indications will be dis-
cussed, and what the role of MRA is in relation to other imaging
modalities such as duplex ultrasonography, computed tomography
angiography, and intra-arterial digital subtraction angiography.

8
Carotid MRA
A. van der Lugt; Erasmus Medical Center, Rotterdam, NETHER-
LANDS.

Risk of stroke is related to the severity of atherosclerotic stenosis in
the carotid bifurcation. In addition, benefits of carotid intervention
(endarterectomy or stent placement) are related to the severity of
stenosis and these benefits are compromised by the complication
rate of diagnostic and therapeutic strategies. Therefore the main
goal of imaging of carotid artery stenosis is currently an accurate
non-invasive assessment of the severity of stenosis.
Over the last decade carotid arteries have increasingly been evalu-
ated with MRA. Time of flight (TOF) MRA has been validated by
comparison to duplex ultrasound (DUS) and digital subtraction an-
giography. Nowadays the combination of DUS and MRA is com-
monly used to evaluate the carotid arteries, while digital
subtraction angiography is gradually abandoned. Despite its limita-
tions, the reported accuracy of TOF MRA is larger than 90%.
The last 5 years improvements in gradients, data handling capabili-
ties, software and coil design has encouraged the introduction of
contrast enhanced MRA (CEMRA) which exploits the T1 shorten-
ing of blood by intravenously injected contrast agents.
Studies on carotid atherosclerosis have suggested that distal throm-
bo-embolization is caused by atherosclerotic plaque rupture. These
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rupture-prone vulnerable plaques have specific morphological fea-
tures. The most frequently seen vulnerable plaque type has a large
lipid rich core with a thin fibrous cap. In vivo assessment of ather-
osclerotic plaque composition in the carotid artery may allow the
study of the natural history of atherosclerosis, the assessment of
stroke risk and the evaluation of the effect of pharmacological in-
tervention. High resolution MRI has recently emerged as a poten-
tial modality for atherosclerotic plaque imaging.
Firstly, the presentation focuses on the clinical setting of evaluation
of carotid artery stenosis and composition of the atherosclerosis.
Validation studies of TOF MRA and CEMRA will be reviewed.
The advantages of CEMRA over TOF MRA will be discussed.
Secondly, technical issues will be explained: scan parameters, tim-
ing of the scan after injection of contrast (test bolus, automated
method, MR fluoroscopy), contrast administration protocols (injec-
tor, rate, dose) and k-space scanning schemes (sequential, centric,
elliptical). The increased possibilities of CEMRA with 3.0 Tesla
and parallel imaging techniques will be demonstrated.
Finally, the scan protocol for evaluation of atherosclerotic plaque
will be discussed, and validation studies with histology as golden
standard will be reviewed.

9
Abdominal MRA
J. F. M. Meaney; Radiology, St. James's Hospital, Dublin, IRE-
LAND.

Non-invasive evaluation of the abdominal vasculature with MRA is
well established in clinical practice. For most indications contrast-
enhanced techniques (CE-MRA) have been accepted as the clinical
routine. Advantages of CE-MRA include intrinsically high SNR,
freedom from artifacts, speed of acquisition and the ability to
image both arterial and venous structures following a single con-
trast injection. Established clinical indications for MRA include
evaluation of suspected renal artery stenosis, evaluation of the
mesenteric vasculature in suspected chronic mesenteric ischaemia,
abdominal aortic aneurysm assessment and evaluation of the aorto-
iliac vasculature in patients with peripheral vascular disease.
Contrast-enhanced MRA also offers unrivalled capability for detec-
tion of thrombosis or occlusion of the intra-abdominal veins (renal,
splenic, portal veins, IVC and iliac veins) and also for detection of
varices in patients with suspected portal hypertension.
For CE-MRA careful attention to detail is essential as central k-
space data must be collected during the arterial phase of a contrast
injection, prior to onset of venous enhancement and during
breath-holding. Therefore, a robust method of timing of the cen-
tral k-space lines in relation to arterial peak arterial enhancement is
essential (ideally performed with MR fluoroscopy). For all abdom-
inal applications, careful tailoring of the scan parameters to the pa-
tients breath-hold capability is essential.
Non-contrast MRA techniques exploiting time-of-flight imaging or
phase-contrast imaging have been largely abandoned for morpho-
logical evaluation within the abdomen, however, phase-contrast
techniques offer the opportunity to determine flow rates, e.g. in pa-
tients with renal artery stenosis. True FISP imaging, another non-
contrast technique, is increasingly used for evaluation of the
intra-abdominal veins.
In conclusion virtually all intra-abdominal vascular pathology can
be evaluated with MRA. Contrast-enhanced techniques offer great-
est flexibility and highest quality imaging at present. 
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The phase-graph description
J. Hennig; Roentgendiagnostik, University Hospital, Freiburg,
GERMANY.

The extended phase graph algorithm (EPG) has been developed as
an efficient means to quantitatively describe the behavior of mag-
netization in multipulse sequences (1). It is based on the original
concepts by Woessner (2), according to which the effect of refocus-
ing pulses can be described as a superposition of spin-echo and
stimulated echo pathways. Transforming the commonly used set of
magnetization vectors Mx,My and Mz as used into the Bloch equa-
tions into sets of magnetization Fk (transverse states) and Zk (lon-
gitudinal states) with different dephasing leads to a very compact
set of equations to quantify magnetization behavior even in very
long echo trains.
Originally the EPG-algorithm has been designed to describe the
signal behavior in CPMG-sequences with low refocusing flip an-
gles (3). Recently this algorithm has been used to exploit the use of
the hyperecho mechanism in particular for SAR(specific absorp-
tion rate)- reduced TSE(FSE)- sequences, which allow to perform
TSE(FSE)- imaging even at high fields up to 7T (4,5,6).
The EPG-algorithm not only allows forward calculation of echo
amplitudes. It also can be used to design echotrains with predefined
echo amplitudes, which allow to optimize the point spread function
and thus to further improve image quality (6). Signal behavior in

such sequences will be determined not only by T2-decay, T1-con-
tributions via stimulated echo pathways will also influence image
contrast. For identical T2-contrast, hyperTSE-sequences will thus
use somewhat longer echo times, which allows to use longer echo
trains and thus to reduce the overall acquisition time. In combina-
tion with partial k-space acquisition by partial Fourier techniques
and/or parallel imaging a reduction in SAR by a factor of 10 with-
out loss in signal-to-noise or image resolution is feasible.
The EPG-algorithm has found applications not only for the descrip-
tion of TSE(FSE)-sequences. It is also useful for the description of
gradient echo sequences (7). Additional applications include the
quantitation of diffusion effects in multiecho sequences and the use
of the EPG-algorithm for the design of composite pulses (8).

1. Hennig J. Conc.Magn.Reson. 1991; 3: 125-143.
2. Woessner D.E. J.Chem.Phys. 34: 2057-2061 (1961).
3. Hennig J. J.Mag.Res. 1988; 78: 397-407.
4. Hennig J, Scheffler K, Hyperechoes, Magn Reson Med.

46(1):6-12 (2001)
5. Hennig J, Weigel M, Scheffler K. Magn Reson Med. 2003

Mar;49(3):527-35
6. Hennig J, Weigel M, Scheffler K. Magn Reson Med. 51:68-

80 (2004)
7. Kiselev V.G. JMR 164 (2003) 205-211
8. Hennig J, Proc. 11th Ann Meeting ISMRM, Toronto, #967

(2003)
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Fast gradient echoes
K. Scheffler; Medical Radiology, MR-Physics, Basel, SWITZER-
LAND.

The steady state of gradient echo sequences is characterized by a
certain distribution of magnetization vectors within the spatial 3D
space. This distribution will be exactly the same for each TR. It is
obvious that a steady state can only be reached for sequences with a

1. fixed TR (in order to have identical T1 and T2 relaxation
within each TR period)

2. constant flip angle (the phase of the excitation pulse may vary
linearly or quadratically)

3. constant dephasing within TR (the dephasing induced by
switched gradients and susceptibility effects at a certain spa-
tial position must be the same within each TR) [1]

From point 3 it can be deduced that the phase encoding gradient,
which changes from excitation to excitation has to be refocused
(compensated by a second gradient pulse with opposite gradient
area). Sequences with non-refocused phase encode gradients do not
establish a steady state and additionally produce image artifacts.
The analytical description of the steady state can be achieved by
solving the eigenvector equation that describes the three processes
of excitation (rotation by a around an axis in the x-y plane), dephas-
ing (rotation by q around z-axis) and T1 and T2 relaxation. This
process is illustrated in below, 
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The (unique) solution in the spatial domain and in the k-space is
shown below for some fixed parameters of TR, a, T1, and T2 [2]. 
The steady state magnetization does not depend on the chosen gra-
dient waveform that is switched between the excitation pulses. The
steady state magnetization generated just before and after the exci-
tation pulse (sometimes called S+ and S-) is thus identical for all
types of gradient echo sequences (except for some small details).
The signal intensity and the phase of the S+ and S- steady state
magnetization as a function of the dephasing between excitation
pulses is shown below. 

The type of the read-out gradient selects whether the S+ or the S-
magnetization (or both) is used for imaging. A conventional bipolar
read-out gradient selects the S+ signal (refocused FLASH,
GRASS, FAST, sometimes FISP, FFE, ...), whereas the time re-
versed gradient waveform selects the S- signal (PSIF, CE-FAST,
CE-FFE, ...). Balanced SSFP is achieved if gradient induced de-
phasing between excitation pulses is zero.
References:

1. Zur Y, Wood ML, Neuringer LJ.MRM 1991;21:251-63.
2. Freeman R, Hill HDW. JMR 1971;4:366-83.

12
Fast Spin echoes
D. G. Norris; FC Donders Centre for Cognitive Neuroimaging,
Nijmegen, NETHERLANDS.

Introduction: In this lecture the importance of the Carr-Purcell-
Meiboom-Gill condition for the RARE/FSE sequence (1) will be
described, situations in which it may be contravened will be exam-
ined, and strategies for eliminating the requirement to adhere to
CPMG presented.
The CPMG condition: The easiest way for a pulse train to satisfy
the CPMG condition is if the pulse phases are given by:
90°x --180°y -2-180°y -2-180°y ....
While this arrangement still brings the benefit that pulse angle er-
rors do not accumulate, more importantly for the RARE family of
sequences it ensures that the phase of each echo in the train is iden-
tical. If the CPMG condition is not satisfied destructive interfer-
ence between signal from different coherence pathways arises
causing artefacts and signal loss.
There are, some situations in which the phase of the magnetisation
prior to the RARE readout train cannot be determined, causing con-
travention of CPMG. These are diffusion-weighted imaging, spec-
troscopic imaging and T # 2-weighted imaging.
Solutions: The first is to add an additional gradient in the readout
direction in the interval between refocusing pulses (2), and hence
one of the echo parities will be removed from the window.
Similarly the read dephase gradient may be so adjusted as to split
the different parity echoes, allowing them to be acquired in sepa-
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rate acquisition windows (3). A different approach is to apply a de-
phasing gradient pulse combined with a 90° pulse at TE/2 before
the echo train in order to purge the non-CPMG component (4). The
same gradient pulse is then applied prior to the readout gradient to
refocus the CPMG component and after the readout gradient with
opposite polarity. All of the above schemes successfully eliminate
the dependence on CPMG, but at the cost of a 50% reduction in
available signal. There is also the possibility of utilising the phase
of the refocusing pulse. If a 4 step phase cycle is used then the full
sensitivity can be recovered (5), which can be advantageous for
spectroscopic imaging applications.
References: 

[1] Hennig J, Nauerth A, Friedburg H. Magn Reson Med 1986;
3:823--833.

[2] Norris D, Börnert P, Reese T, Leibfritz D. Magn Reson Med
1992; 27:142--64.

[3] Schick F. Magn Reson Med 1997;38:638--644.
[4] Alsop DC. Magn Reson Med 1997;38:527--33.
[5] Dreher W, Leibfritz D.. Magn Reson Med 2002;47(3):523--8.
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1H-MRS
E. R. Danielsen; Dept. of Radiology, University Hospital
Rigshospitalet, Copenhagen, DENMARK.

Introduction: The lecture will give an introduction to 1H MRS
using examples from neuro 1H MRS.
Methods: 1H MRS is becoming an increasingly automated proce-
dure, but a basic understanding of underlying methods including
spatial selection methods, water suppression, shimming and how to
acquire high S/N spectra, will benefits the user. When planning an
examination, it is crusial to know how to obtain good S/N.
Positioning and size of the selected volume, shimming, TE and TR,
and even minor patient movement become important factors.
Metabolites: The concentrations of the metabolites, that MRS can
detect in the human brain, are typically between 1 mM an 20 mM.
A summary of the most common metabolites and their chemical
shifts are given in tables 1 and 2.
Normal 1H MRS: The spectra in different locations of the brain
differs, the reproducibility is however good. In occipital grey or
white matter in normal adults (at 1.5 T, short TE), the coefficient of
variance for the metabolite ratios are between 5 % and 18 %.
The main changes with age occur in babies younger than 2 years
and the age curves are well documented. Much smaller changes
with age occur in the elderly.
Main clinical applications: MRS will often add information to an
MRI study. This is the case in diffuse brain pathology as well as in
focal diseases, when MRI may be non-conclusive or even negative.
When investigating patients with diffuse brain diseases it is advised
to measure standardized volumes of interest using short TE and re-
late the quantitative data to normal values from at least 10 normal
volunteers. The precise quantitation and the identification of
metabolites are the keys. These situations include

1. hypoxic/traumatic/toxic/hypoglycaemic brain injuries, in par-
ticular early after insult,

2. metabolic diseases / inborn errors of metabolism
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3. neuro degenerative diseases
4. hepatic encephalopathy and other systemic diseases

When investigating patients with focal diseases, it can be advanta-
geous to use multiple volume methods (chemical shift imaging) to
get additional spatial information, but depending on the clinical
question single volume short TE methods can also be useful.
Typical examinations include

1. abscess versus cystic necrotic tumor
2. differential diagnosis of lesions in HIV+ patients
3. recurrent tumor versus necrosis
4. tumor classification
5. guide for tumor biopsies
6. lesions of unknown etiology

Table 1: Standard assignments of metabolites in the normal brain.

Table 2: Other metabolites that occur in various clinical situations.

14
31P-MRS
J. Prompers; Biomedical NMR, Eindhoven University of
Technology, Eindhoven, NETHERLANDS.

The first NMR spectra from living tissue were obtained from phos-
phorous (31P) containing metabolites [1]. 31P-MRS was first applied
to human subjects in the early 1980s to monitor the levels and fate
of high-energy phosphates in skeletal muscle. To date 31P-MRS
techniques find widespread use in studies on energy metabolism,
particularly in skeletal [2] and cardiac muscle, brain and liver.
Furthermore, 31P-MRS has been applied in studies of tumors.
The 31P nucleus has spin = ½ and is 100% naturally abundant.
However, it has an intrinsic sensitivity which is 15 times lower than
that of the proton. Therefore, only phosphorylated metabolites that
are present at relatively high concentrations (typically 2 mM and
above) significantly contribute to in vivo 31P-MR spectra. The most
dominant signals in the spectrum are from phosphocreatine (PCr;
not present in the liver) and the three non-equivalent phosphate
groups of adenosine triphosphate (ATP). Usually also a signal from
inorganic phosphate (Pi) can be observed, and under favorable con-
ditions signals from phosphomonoesters and phosphodiesters are
observable as well. The different peaks are usually well resolved
and spread over a convenient spectral width.
During this teaching session the basic techniques that are used in in
vivo 31P-MRS will be discussed. A brief overview of energy metab-
olism in skeletal muscle will be given and it will be demonstrated
which parameters can be determined from 31P-MRS measurements.
Furthermore, applications of 31P-MRS in studies on cellular ener-
getics in the heart, brain and liver will be shortly reviewed. Finally,
the use of 31P-MRS in cancer research will be illustrated.
References:

1. Hoult DI, Busby SJW, Gadian DG, Radda GK, Richards RE,
Seeley PJ (1974) Observations of tissue metabolites using 

31
P

nuclear magnetic resonance. Nature 252: 285-287.
2. Heerschap A, Houtman C, in �t Zandt HJA, van den Bergh AJ,

Wieringa B (1999) Introduction to in vivo
31
P magnetic reso-

nance spectroscopy of (human) skeletal muscle. Proc Nutr
Soc 58: 861-870.
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13C-MRS
T. B. Rodrigues, A. Sierra, S. Cerdan; NMR Laboratory, Instituto
Investigaciones Biomédicas, Madrid, SPAIN.
13C Magnetic Resonance Spectroscopy (13C MRS) allows detecting
resonances resonances from 13C, the stable isotope of carbon having
a magnetic moment. The natural abundance for 13C is only 0.01% of
the total carbon and its magnetogyric ratio is approximately one
fourth of that of the proton, two circumstances that make 13C NMR
a relatively insensitive technique. In spite of this, natural abun-
dance 13C resonances from carbons of the fatty acid chains of
triglycerides are easily observed in most tissues and glycogen car-
bons can be detected in the liver of fed animals in vivo. The sensi-
tivity problem can be improved using 13C labeled substrates. Using
selectively enriched substrates it is possible to follow the activity of
the glycolitic pathway, the tricarboxylic acid cycle, ketogenesis,
ureogenesis, fatty acid synthesis and degradation and many others.
The design of 13C MRS experiments is similar to the classical radi-
olabeling experiments using 14C. However, the use of 13C NMR
presents important advantages. First, the metabolism of the 13C la-

Chemical shift / ppm metabolite

2.02 N-Acetylapartate , NAA

2.05-2.5 Glutamine+Glutamate, Glx

2.6 Second NAA

3.03 Total Creatine, Cr

3.22 Total Choline, Cho

3.56 myo-Inositol, mI

3.65-3.8 second Glx

3.9 second Cr

4.06 second mI

4.7 residual water

Chemical
shift / ppm

metabolite comment

0.8 -1.4 �Lipids� and macromole-
cules

Broad resonances

1.14 Propylene glycol Xenobiotic, doublet just to
the right of the lactate dou-
blet, may partially overlap

1.16 Ethanol Xenobiotic ,triplet
1.33 Lactate Doublet 
1.48 Alanine Doublet just to the left of the

lactate doublet, may partial-
ly overlap

1.9 Acetate Singlet 
2.4 Succinate Singlet 
3. 15 Methylsulfonylmethane

(MSM)
Xenobiotic, dietary supple-
ment

3.78 Mannitol Xenobiotic 
4.11 Lactate Quadruplet 
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beled substrate can be followed in real time, in situ and non inva-
sively. Second, even if extracts are prepared, the detection, the de-
tection of 13C in the different carbon resonances of a specific
metabolite does not require separation and carbon by carbon degra-
dation, a prerequisite in the experiments with radioactive 14C.
Third, analysis of homonuclear spin-coupling patterns by 13C NMR
allows determining if two or more 13C atoms occupy contiguous po-
sitions in the same metabolite, a possibility only amenable to NMR
methods. This approach represents an enormous gain in informa-
tion as compared to classical radioactive 14C experiments. As a
counterpart, the main disadvantage of 13C MRS is it reduced sensi-
tivity, detecting only 13C concentrations higher than 50 µM in vitro
or 1 mM in vivo.
Finally, the important increases in static magnetic field Bo (up to
11,7 Tesla), improvements in gradient strength and more powerful
and robust shimming procedures have allowed obtaining in vivo,
13C NMR spectra of similar quality to those obtained previously in
solution. In particular it has become possible to study, dynamically,
cerebral metabolism and energetics with emphasis on the tricar-
boxylic acid fluxes in neurons and glial cells and the glutamate-
glutamine cycle in vivo. A comprehensive review of these topics
and the current status of 13C MRS may be found in the collection of
articles published in NMR in Biomed. (2003) 16, 301-449.
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White matter diseases
A. Gass; Neurologie/Neuroradiologie, Universitätskliniken, Basle,
SWITZERLAND.

Nearly all focal brain lesions found on gross pathology in multiple
sclerosis (MS) are detected with magnetic resonance imaging
(MRI). The predictive value of MRI for the course of the disease is
high as several longitudinal natural history studies have demon-
strated the importance of the T2-hyperintense lesion load at the
time of the first isolated clinical symptom. Patients with lesions on
the initial MRI have an increased risk for a second relapse and de-
velopment of clinically definite MS within the next two years.
There is also a higher risk of progressive disease after two, five and
ten years. MRI findings have therefore become of high importance
for the practising neurologist, as its results are now an integral part
of the diagnostic work-up. The formal diagnosis of MS based on
the McDonalds criteria nowadays incorporates MRI information
more strongly than traditional neurological methods like CSF
analysis and evoked potentials. Therapeutic trials have demonstrat-
ed, that disease activity as identified by new T2 abnormality or
contrast enhancing lesions is a sensitive measure to demonstrate
successfull therapeutic intervention. MRI can visualise asympto-
matic abnormalities and volumetric assessement of atrophy indi-
cates loss of brain volume as it can be detected already at early
stages of the disease. In order to improve in vivo demonstration of
the MS pathophysiology further techniques are needed that mirror
the underlying acute and chronic pathology better than convention-
al MRI: Studies using magnetisation transfer ratio (MTR), magnet-
ic resonance spectroscopy (MRS) and diffusion weighted imaging
(DWI) indicate that tissue destruction, axonal damage and differen-
tial loss of grey or white matter volume can be detected already at
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early stages of the disease. Another important aspect, that is a cur-
rent topic of many studies is the heterogeneity of MS. MRI is use-
ful in many aspects as it can visualise various factors in individual
patients: The presence or lack of focal lesions, the main anatomical
location of lesions (spinal cord vs. infratentorial parenchyma vs.
hemispheres, cortical vicinity of lesions, temporal lobe involve-
ment). The number and extent of lesions, and the presence and lo-
cation of atrophy both shed some light on the presence of acute and
chronic deficits and may help to estimate the risk of functional de-
compensation. The involvement of neuronal tissue is difficult to vi-
sualise with MRI but several recent studies suggest this. Volumetric
studies, spectroscopic studies and DWI studies have shown abnor-
malities located in the cortex confirming the results of many patho-
logical studies.

17
Ischemic stroke
R. Dijkhuizen; Image Sciences Institute, University Medical
Center Utrecht, Utrecht, NETHERLANDS.

Ischemic stroke is a major cause of mortality, morbidity and dis-
ability in modern society. Tools providing optimal diagnostic and
prognostic information are important for improving outcome after
stroke. Magnetic resonance imaging (MRI) has become a principal
methodology for the assessment of pathophysiology of ischemic
stroke in patients as well as in animal models. Conventional brain
imaging techniques, such as computed tomography (CT) and T2-
weighted MRI are well-established methods for delineation of
brain tissue infarction. However, methods providing earlier identi-
fication of acute ischemic lesions than possible with conventional
imaging techniques are sought due to a limited therapeutic time-
window in which treatment is most efficacious. Both diffusion-
weighted MRI (DWI) and perfusion-weighted MRI (PWI) have
been shown to be sensitive to changes within minutes of stroke
onset. DWI allows measurement of the apparent diffusion coeffi-
cient of tissue water, which has been shown to be sensitive to is-
chemia-induced cellular changes (e.g. cytotoxic edema).
Hemodynamic parameters, such as cerebral blood flow, cerebral
blood volume and mean transit time, can be measured with PWI.
Importantly, combining DWI and PWI may increase sensitivity and
specificity to detect tissue that is at risk of infarction. Algorithms
have been developed that calculate tissue signatures that quantita-
tively rate the risk of infarction on a voxel-by-voxel basis.
Moreover, these tissue signatures may be applied for investigating
the efficacy of stroke therapies. In addition to evaluating stroke
therapies, MRI shows promise for guiding therapeutic decision-
making. Presence of DWI and PWI lesion mismatch may prove
useful for identifying positive responders to therapies. With con-
trast-enhanced T1-weighted MRI, blood-brain barrier integrity can
be evaluated from leakage of intravascularly injected paramagnetic
contrast agent into brain tissue. Compromised BBB has been spec-
ulated to be a predictor of hemorrhagic transformation and there-
fore may prove useful for excluding treatments with high risks of
bleeding such as thrombolytic therapies. Magnetic resonance an-
giography (MRA) can in turn be used for identifying type and loca-
tion of the occlusion further guiding therapeutic choices. MRA may
also be useful for monitoring the efficacy of therapies targeting
reperfusion. In conclusion, MRI offers a unique non-invasive tool
that can provide multiple insights into pathophysiology, treatment
strategies and recovery mechanisms in clinical and experimental
stroke.
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High-field MRS
J. Pfeuffer; Department Physiology of Cognitive Processes, Max-
Planck Institute for Biological Cybernetics, Tuebingen, GER-
MANY.

Introduction
What is a high magnetic field? For in vivo MR systems using small
animals like mice or rats, magnets of field-strengths as high as
11.7T/31cm (500 MHz) are available. For research in humans the
highest field currently available is 9.4T/65cm (400 MHz), while in
the clinic the highest field is 3-4T/95cm (130-170MHz). MR spec-
troscopy evolved rapidly over the last decades, and it is now an im-
portant tool in chemical and biological research focused on
molecular composition, structure, and dynamics. Experiments ini-
tially conducted in cells and cell extracts, are now carried out in liv-
ing animals and humans. Similarly, MRS applications in clinical
diagnosis are growing steadily. The importance of field strength in
such applications cannot be overemphasized. The several fold im-
proved sensitivity at high fields enables the detailed quantitative
study of both metabolic and neural signaling processes, as well as
of their perturbations during disease.
Technical Issues
Significant improvements in signal-to-noise ratio are the most no-
table effects of the technical developments in vivo MRS studies at
high fields. SNR gains may be a linear (e.g. 1H) or even a quadrat-
ic (e.g. 17O) function of field-strength, depending on several com-
peting factors [1]. MRS at high field benefits further from an
improved spectral resolution due to increased chemical shift dis-
persion and reduced strong coupling effects. Sensitivity and resolu-
tion improvements were experimentally demonstrated comparing
field strengths from 1.5T to 9.4T [2]. An important prerequisite for
quality-MRS is optimal, reproducible shimming, providing the nar-
rowest possible in vivo line-widths, clearest peak separation and in-
creased sensitivity.
Selected high-field applications
Excellent sensitivity of 1H MRS in the human brain was shown at
7T even with single-shot spectra [3]. At 9.4T in the rat, up to 18
metabolites could be quantified [4]. Localized 13C MRS in the
human visual cortex (4T) and rat (9.4T) demonstrates the capacity
to monitor glutaminergic neurotransmission. Moreover, oxygen
consumption rate can be calculated from 13C turnover. Spectacular
in vivo signals from multiple carbons of various amino acids and
neurotransmitters demonstrate the power to obtain detailed meta-
bolic information and study reaction-dynamics [2]. Recent 17O
chemical shift imaging represents a promising new high-field ap-
plication: from the 17O turnover of inhaled oxygen inhalation and
injected water, the oxidative metabolism in the mitochondria
(CMRO2) can be directly measured [5].
References

1. Ugurbil,K. et al. Magn.Reson.Imag(2003)1263-81;
Annu.Rev.Biomed.Eng.(2000)633-60;

2. Gruetter,R. et al. J.Magn.Reson.(1998)260-4;
Dev.Neurosci.(1998)380-8;

3. Tkac,I. et al. MRM(2001)451-6;
4. Pfeuffer,J. et al. J.Magn.Reson.(1999)104-20;
5. Zhu,X.H. et al. PNAS-USA(2002)13194-9.
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MR imaging of the anorectum
S. Dwarkasing; Radiology, Erasmus Medical Centre, Rotterdam,
NETHERLANDS.

The anorectum is located in the extraperitoneal space. It has a close
relationship to other anatomic structures of the lower pelvis and the
pelvic floor muscles. Furthermore, it may be subject to many dis-
eases such as perianal fistulae, faecal incontinence, and malignant
tumours, as well as conditions associated with weakness or dys-
function of the pelvic floor muscles. The proper management of
anorectal disease starts with accurate diagnosis. Imaging tech-
niques play a crucial role in establishing such a diagnosis. To facil-
itate the interpretation of the imaging findings, knowledge and
understanding of the anorectal anatomy is crucial.
MRI has become an established technique for imaging of anorectal
diseases. To enhance diagnostic capabilities, MRI using an intralu-
minal coil was introduced. Endoanal MRI proved to be more accu-
rate in the detection and classification of anal fistulae compared to
ultrasound and MRI using a surface coil. With endoanal MRI all
layers of the anal canal wall can be recognized easily, enabling de-
tection of sphincter damage. Especially, abnormalities of the exter-
nal anal sphincter, such as subtle changes in signal intensity,
presence of scar tissue and discontinuity are clearly visible.
About half of colorectal tumours are located in the rectosigmoid.
The prognosis of anorectal carcinoma is related to the transmural
and distant spread of the tumour at the time of diagnosis. Staging of
anorectal tumours is not only important for predicting prognosis
but also influences the mode of treatment. Endosonography re-
mains an optimum method to determine tumour wall invasion, and
is reasonably accurate for nodal involvement close to the tumour.
Thin section high-definition MRI is the examination of choice to
demonstrate the relationship of the tumour edge to the mesorectum
and tumour infiltration of adjacent structures or peritoneum. These
are all indications for chemo-radiotherapy prior to excision.
Developments in surgical and oncologic practice have made MRI
an essential component of preoperative assessment for anorectal
carcinoma.
Learning objectives:

• To recapitulate the complex anatomy of the anorectum on MR
imaging.

• To demonstrate the value of MR imaging using an intralumi-
nal coil for the detection and classification of perianal fistula
disease including complications such as secondary fistula
tracts, associated abscesses and sphincter defects.

• To explain the optimal imaging technique for perianal fistula
disease and become familiar with pitfalls.

• MR imaging of anorectal tumours - technique , interpretation
and pitfalls.



RF-pulses

20
MR imaging of the female pelvis
S. Hussain; Radiology, Erasmus MC, Rotterdam, NETHER-
LANDS.

MR imaging of the female pelvis can provide valuable diagnostic
information that can play an important role in clinical and surgical
decision making in patients with suspected or known gynecological
abnormalities.
In this presentation the following aspects of the MR imaging of the
female pelvis will be dealt: 1) state-of-the-art MR imaging tech-
nique for the pelvis; 2) normal MR imaging findings of the female
pelvis, including the zonal anatomy of the uterus, the cervix, and
the ovaries; 3) MR imaging findings of the common and uncom-
mon abnormalities of the uterus, the cervix, and the ovaries, includ-
ing the benign and malignant diseases; and 4) pitfalls.
Specific disease entities that will be discussed and illustrated are as
follows: 1) congenital abnormalities; 2) endometrial abnormalities,
including polyps and carcinomas; 3) uterine abnormalities, includ-
ing the leiomyomas, adenomyosis; and carcinoma; 4) cervical ab-
normalities, including Nabothian cysts, carcinomas, and adenoma
malignum; 5) ovarian abnormalities, including endometriosis, he-
morrhagic and simple cysts, and solid tumors; 6) unusual abnor-
malities.
Learning objectives of this presentation:
After attending this presentation the audience should be able to

1. Perform the state-of-the-art MR imaging of the pelvis;
2. Identify the normal zonal anatomy of the uterus, the cervix,

and the ovaries;
3. Recognize the most common, and some uncommon abnor-

malities and pitfalls at MR imaging of the female pelvis.

21
Fetal MRI
T. A. Huisman; Department of Diagnostic Imaging, University
Children's Hospital Zurich, Zurich, SWITZERLAND.

Ultrafast fetal magnetic resonance imaging (MRI) is a recent devel-
opment that examines the fetus in utero without the need for fetal or
maternal sedation. Ultrafast MRI sequences effectively suppress
fetal motion. Multiple case reports and studies have shown that
fetal MRI is particular helpful in the evaluation of the central nerv-
ous system. The high contrast to noise ratio, the high spatial resolu-
tion, the multiplanar capabilities, the large field of view and the
simultaneous visualisation of fetal and maternal structures have
proven to be advantageous. Fetal MRI currently serves as a valu-
able second line imaging tool for complex fetal cerebral malforma-
tions and pathologies. Fetal ventriculomegaly, lesions within the
posterior fossa and abnormalities in cerebral myelination, migra-
tion and sulcation are particularly well identified. Diffusion-
weighted MRI as well as intrauterine MR spectroscopy are
currently adapted to fetal MR examination protocols.
Indications, techniques, (dis-) advantages and limitations of fetal
MRI as well as exemplary cases will be discussed.
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Basic concepts
D. E. Rourke; Magnetic Resonance Centre, Nottingham
University, Nottingham, UNITED KINGDOM.

RF pulses are an essential element of NMR experiments: they are
used to excite spins out of their lowest energy state, resulting in a
classically observable magnetization that provides information
about the sample.
The initial excitation of spins in MRI is usually performed with a
soft, or selective, RF pulse. The idea of such a pulse is to excite
only those spins that are within a chosen part of the sample. Most
often, this would be a chosen slice (hence the pulse used to achieve
this would be a slice-selective pulse).
These work by placing the sample in a magnetic field gradient,
which varies along the direction perpendicular to the slice. Thus,
spins within the slice have a different Larmor frequency to those
outside, and therefore an RF pulse that excites spins only within a
given range of Larmor frequencies will be slice-selective. Because
such pulses have other uses, eg., in spectroscopy, they may more
generally be called frequency-selective.
Frequency-selective pulses have a long history, and have been de-
signed with many different techniques and under different approxi-
mations. The most important of these are: (i) the small tip-angle
approximation [1], giving rise to (e.g.,) the �sinc� pulse, and (ii) the
adiabatic approximation [2], giving rise to the (complex) hyperbol-
ic secant inversion pulse. More recently, computer optimization
methods have been used. A variety of (essentially equivalent) meth-
ods are also known for designing pulses in closed-form without any
approximations.
�Multi-dimensional� selective pulses are becoming of increased in-
terest, particularly since the beautiful paper of Pauly et al., showing
how the small tip-angle approximation could be extended to this
case [3]. Such pulses excite spins in a defined �pencil� (for 2D exci-
tation) or a defined volume (for 3D excitation).
These pulses are all (on the whole) designed assuming that relax-
ation can be neglected during the course of the pulse. However, in
some cases, this assumption does not really hold. This is particular-
ly so for adiabatic pulses, which tend to be quite long. A problem of
some current interest, therefore, is to try to see how relaxation af-
fects selective pulses, and to see if these effects can be undone to
some degree.

[1] Morris GA, Freeman R [1978] J. Magn. Reson. 29 433-462.
[2] Powles JG [1958] Proc. Phys. Soc. 71 497-500.
[3] Pauly J, Nishimura D, Macovski A [1989] J. Magn. Reson. 81

43-56.
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Dedicated RF Pulses (2D, 3D)
P. Börnert; Department Technical Systems, Philips Research
Laboratories, Hamburg, GERMANY.

Introduction: Multi-dimensional RF pulses (1-3) are of interest in
a variety of MR applications in which transverse magnetization is
to be excited or refocused within well-defined spectral and/or spa-
tial regions. The design of such multi-dimensional RF pulses is
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often complicated due to the underlying non-linear Bloch equa-
tions. However, in most of the useful applications, simple solutions
and approximations can be used. In this paper, the basic ideas for
designing such multi-dimensional spectrally/spatially selective RF
pulses will be outlined and basic applications will be discussed.
Methods: The k-space formalism used to describe MRI data-ac-
quisition was adapted by Pauly et al. (1) to describe selective RF
excitation. Using the small-tip-angle approximation, neglecting all
relaxation effects, and defining an appropriate non-pathologic k-
space trajectory, the Bloch equations can be solved analytically (1).
Thus, the B1 waveform needed to excite/refocus a certain trans-
verse magnetization pattern can be calculated as the weighted
Fourier transform of the target magnetization along the chosen k-
space trajectory. Various gradient waveforms known from MRI can
be employed to span excitation k-space (e.g. spiral (1), echo-planar
(4), or random (5)), but for some trajectories the low tip angle ap-
proximation holds even for very large flip angles (3). This eases RF
pulse design considerably. Due to their long duration multi-dimen-
sional RF-pulses show spectral selectivity, which can be tailored on
purpose to design spectrally/spatially selective RF pulses (6).
Performance problems can be overcome by using similar principles
as applied in MRI.
Discussion: Multi-dimensional RF pulses have interesting applica-
tions in different fields of MR imaging and spectroscopy. Some of
them should be outlined briefly: navigator beam applications for
local organ motion studies, selection of spatially restricted volumes
to perform localized imaging or spectroscopy, curved sliced imag-
ing or spatially selective labeling of magnetization, suppression of
unwanted signals like fat in conventional or water suppression in
spectroscopic imaging, or to reduce susceptibility problems in
fMRI.
However, some of the applications are still limited by the relatively
long duration of the multi-dimensional RF pulses. Using the ideas
of parallel imaging the duration of multi-dimensional spatially se-
lective RF pulses can be reduced making higher spatial definition
possible in the future.
References:

1. Pauly JM, JMR 1989; 81: 43-56.
2. Hardy CJ, JMR 1989; 82: 647-654.
3. Pauly JM, JMR 1989; 82: 571-587.
4. Heid O, 1995; SMR, 488.
5. Sersa I, MRM 1997; 37: 920-931.
6. Meyer CH, MRM 1990; 15: 287-304.
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Design algorithms
O. Heid; Magnetic Resonance Division, Siemens Medical
Solutions, Erlangen, GERMANY.

Design Algorithms
Introduction
The aim of this course is to provide insight in the art of designing
RF pulses, with emphasis on the one-dimensional slice selection
problem.
Table of Contents

- The Bloch equation and its implications
- The goals of RF pulse design
- Design algorithms

The Bloch equation and its implications
Neglecting relaxation effects, the governing physical law for the
motion of spins subject to RF irradiation is the Bloch equation
dM/dt = M x B

The means for controlling the final magnetization state is to modu-
late the B field vector amplitude and direction during the RF pulse.
The Bloch equation is mildly nonlinear. A few important properties
of linear systems like the sampling theorem are still valid, and there
are several symmetry properties reminiscent of linear transforms
like the Fourier transform. Moreover, one can modulate the ampli-
tude of the B field vector if the RF pulse rate is modulated simulta-
neously.
The goals of RF pulse design
RF pulse design amounts to inverting the Bloch equation. Due to
constraints like limited pulse durations and transmitter power, the
desired magnetization state after the pulse can only be achieved ap-
proximately. There are tradeoffs between the pulse duration, the al-
lowed flip angle tolerances inside and outside the slice and the
width of the slice edge sharpness. There may also be other desir-
able properties like insensitivity against B1 amplitude variations,
minimal energy deposition or delayed focusing properties.
The optimal pulse shape critically depends on the goal function, but
essentially not on the numerical optimization method. Thus it is of
utmost importance that the designer decides how to measure any
deviation between the ideal and the real magnetization response.
Design algorithms
Analytical solutions
For a few cases, analytical solutions are known. E.g, for small flip
angles, the sinc function yields rectangular slice profiles with max-
imally smooth inslice flip angle distribution.
Direct numerical methods
Direct numerical methods, which correct the residual deviation it-
eratively, e.g. by genetic algorithms, Newton or secant rule meth-
ods, have been used successfully.
Optimal Control methods
The Bloch equation is amenable to treatment via optimal control
theory. As long as the error is least squares, inversion of the Bloch
equation is transformed into a boundary value differential equation
problem, for which numerical solvers are readily available.
Inverse Scattering Transform methods
The spinor representation of the Bloch equation can be solved via
the inverse scattering transform either analytically or in the hard
pulse approximation. 
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Heart, mind and strong fields - how to combine for faster im-
aging
P. Boesiger; Institute of Biomedical Engineering, University of
Zürich and ETHZ, Zurich, SWITZERLAND.
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Diabetes and abnormal heart metabolism
G. K. Radda, K. Clarke; Physiology Laboratory, University of
Oxford, Oxford, UNITED KINGDOM.

Diabetes and abnormal heart metabolism
The aim of this study was to investigate cardiac energy metabolism
in patients with Type 2 Diabetes.14 patients, well controlled for
their diabetes and with no cardiac symptoms, and 12 age matched
controls were studied by 31P Magnetic Resonance spectroscopy.
Cardiac spectra showed that the PCr/ATP ratio was significantly re-
duced in the patients, compared to controls and the PCr ATP ratio in
the whole group correlated negatively with the blood Free Fatty
Acid (FFA) concentrations (r2=0.3; p<0.01), with glucose and gly-
cosylated haemoglobin concentrations. 25 patients with diabetes
were randomised in a double bind clinical trial and treated for three
months with 8 mg o.d.roziglitazone or placebo. The energetic ab-
normalities of the heart and the blood metabolite levels were nor-
malized in the drug treated subjects but in the placebo group.
We concluded that despite preserved function, cardiac high energy
phosphate metabolism was impaired in patients with diabetes and
the chronic treatment with the PPAR-gamma antagonist (roziglita-
zone) improved cardiac high energy phosphate metabolism and
caused a 50% decrease in plasma FFA by modifying adipose tissue
fatty acid production.
The mechanism of the observed effects was further studied in car-
diac PPAR-alpha knockout mice. We demonstrated that high plas-
ma FFA levels require PPAR-alpha to express their toxic effect on
the heart. Studies on Zucker fatty diabetic rat hearts showed that
the PPAR receptor in the heart regulated the expression of mito-
chondrial unccoupling proteins and of the GLUT-4 glucose carrier
and these changes accounted for the abnormal cardiac high energy
phosphate metabolism seen in the diabetic animals and humans.

27
MRS studies on metabolism in human obesity and diabetes
M. Roden1,2; 11.Medical Department (Diabetology,
Gastroenterology, Nephrology), Hanusch Hospital, Vienna, AUS-
TRIA, 2Division of Endocrinology and Metabolism, Medical
University Vienna, Vienna, AUSTRIA.

Obesity and type 2 diabetes mellitus (T2DM) share insulin resist-
ance as a common feature, which is defined by reduced glucose
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disposal to skeletal muscle and liver during hyperinsulinemic-nor-
moglycemia. Nuclear magnetic resonance spectroscopy (NMRS)
made it possible to examine these abnormalities in detail.
In skeletal muscle, 13C NMRS studies revealed that insulin-stimu-
lated glycogen synthesis is ~60% lower in T2DM but also de-
creased in first degree relatives of T2DM or obese patients. 31P
NMRS studies found that glucose-6-phosphate (G6P) is lower in
these populations hinting at glucose transport/phosphorylation as
the primary defect responsible for reduced glucose diposal. Further
studies investigated the roles of nutrient excess of free fatty acids
(FFA) or amino acids (AA) which are frequently increased in in-
sulin resistant states. Plasma FFA elevation concentration-depend-
ently decreases glycogen synthesis by ~55% which is preceded by
a fall in G6P. Plasma AA elevation reduces glycogen synthesis by
~65% again accompanied by decreased G6P. These data indicate
that nutrients inhibit glucose transport/phosphorylation resulting in
insulin resistance.
In liver, 13C NMRS demonstrated that poorly controlled type 1 dia-
betic patients synthesize only ~20-30% of the glycogen stored in
livers of nondiabetic humans after mixed meals. This defect can
only be reversed by combined short and long term intensified in-
sulin treatment. In contrast, the reduction of glycogen synthesis by
~50% in T2DM cannot be normalized even by optimal glycemic
control indicating glucose-independent insulin resistance.
Interestingly, measurement of intracellular lipids with 1H NMRS
revealed a positive correlation between lipid contents in both skele-
tal muscle and liver and insulin resistance in these tissues.
In conclusion, multi-nuclear NMRS identified early defects in
muscle and liver glucose metabolism prior to the onset of type 2 di-
abetes which can also be induced by nutrient excess supporting the
concept of important links between exogenous and endogenous
factors in the pathogenesis of insulin resistance.

28
Diabetes and sugar in your brain: new horizons at high field
R. Gruetter; Department of Radiology and Neuroscience,
University of Minnesota, Minneapolis, MN; UNITED STATES.

In recent years it has become increasingly evident that the brain is
also involved in some aspects of the pathogenesis of complications
in diabetes. Specificially, the brain is important in organizing the
body's counterregulatory responses to hypoglycemia, mediated by
glucose-sensitive and glucose-responsive neurons. Following a pe-
riod of hypoglycemia, patients and normals experience impaired
glucose sensing (hypoglycemia unawareness), which results in the
typical counterregulatory response being mediated at lower plasma
glucose concentrations, putting patients at increased risk and lead-
ing to a vicious cycle. Iatrogenic hypoglycemia is a major limiting
factor in the treatment of diabetes.
Overwhelming evidence suggests that impaired glucose sensing is
mainly a metabolic defect whose mechanism remains to be identi-
fied. This presentation will highlight some of the advances in un-
derstanding the effect of hypoglycemia on brain carbohydrate
metabolism gained using in vivo NMR:
First, the two-decade old hypothesis that increased glucose trans-
port(ers) occur in chronic hypoglycemia implicates increased brain
glucose content at a given plasma glucose concentration. This
questions was addressed in both human and rat brain using 1H and
13C NMR spectroscopy, indicating altered brain glucose content,
consistent with the lowering of counterregulatory thresshold.
Second, we have recently proposed that brain glycogen metabo-
lism, which is sensitive to glucose/insulin and cortisol, may be in-
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volved in the mechanism of hypoglycemia unawareness observed
following a single episode of hypoglycemia. This hypothesis was
supported by the observation that brain glycogen metabolism,
uniquely measurable using 13C NMR spectroscopy, does account
for the majority of the glucose supply deficit during hypoglycemia
for prolonged periods, that supercompensation of brain glycogen
content does occur following restoration of glycemia, and that
brain glycogen metabolism in human and rat brain measured over
48 hours is very slow, consistent with the long time required for the
restoration of hypoglycemia awareness.
Third, when the brain glucose concentration becomes rate-limiting
for metabolism, cerebral blood flow increases above basal, consis-
tent with impaired glycolysis triggering defense mechanisms en-
dogenous to the brain.
Fourth, studies in neonatal rat brain indicate that the depletion of
cerebral amino acids (such as glutamate) may depend on the dura-
tion of hypoglycemia and that cerebral lactate levels stay constant
during hypoglycemia, consistent with brain glycogen being an al-
ternate fuel source.
In conclusion, MRI studies using perfusion and BOLD imaging,
quantification of brain glucose and glycogen using NMR spec-
trosocpy have permitted unique insights into the effects of hypo-
glycemia on brain energy metabolism.
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Multi-slice echo-planar spectroscopy for regional metabolic
analysis in MS
L. G. Hanson1, E. Rostrup1, H. B. W. Larsson2, T. Tscherning3, P.
S. Sørensen3, O. B. Paulson1, H. K. Mathiesen1; 1Danish Research
Center for MR, Copenhagen University Hospital, Hvidovre, DEN-
MARK, 2Centre for Magnetic Resonance, Trondheim University
Hospital, Trondheim, NORWAY, 3Department of Neurology,
Copenhagen University Hospital, Rigshospitalet, DENMARK.

Introduction: Most studies of multiple sclerosis (MS) have been
limited to single-voxels only. Echo planar spectroscopic imaging
(EPSI) is explored as an alternative for obtaining whole-brain
(WB) NAA estimates and measurements of metabolites in cortex,
normal appearing white matter (NAWM) and lesions.
Subjects and Methods: The multi-slice EPSI sequence described
in [1] was applied to 18 patients with early relapsing-remitting MS
and 18 healthy control persons. Sequence parameters: TE/TR =
144/3360 ms. Matrix 32 x 32. Inversion recovery provided lipid
signal nulling, and water suppression was obtained using a 32 ms
chemical shift selective RF pulse. Eight 10 mm slices covered most
of the cerebrum with 1 ml cubic voxels. A conventional MRI was
performed (dark fluid T2) to select regions of interest. The total
spectroscopy scan time was 20 minutes inluding water referencing.
A Siemens Vision 1.5T whole-body scanner was used with the
standard CP head coil. The brain parenchyma suitable for whole
brain spectroscopy was semi-automatically selected to exclude
CSF and badly shimmed areas and adapted to increase consistency
between subjects. Lesions were outlined manually.
Results: WB NAA/Cr and Cho/Cr ratios were calculated for the
MS patients and the controls. Using a t-means test allowing for un-
equal variances, there were no statistically significant differences

in WB NAA/Cr between the two groups. WB Cho/Cr, however,
was decreased in the MS group (mean 0.89 versus 0.95; p=0.02).
Large variance between subjects was observed in both groups, but
a reproducibility study showed that this was dominated by meta-
bolic inter-subject differences.
There were no statistically significant differences in NAWM
metabolite ratios between the MS patients and the controls. Using a
volume-weighted paired t-test lesion NAA/Cr was found signifi-
cantly lower than NAWM NAA/Cr in the MS patients as expected
(mean 1.67 versus 1.74; p=0.004). The spectra from the cortical
GM were mostly of good quality, but 3 patients and 3 control per-
sons were excluded based on reduced spectral quality. No signifi-
cant differences in cortical NAA/Cr between the MS patients and
the controls were found. The Cho/Cr ratio was found to be lower in
the MS group compared to the healthy controls (mean 0.83 versus
0.88; p=0.05). Cortical NAA/Cr was significantly lower than
NAWM NAA/Cr in the MS patients (mean 1.08 versus 1.74;
p<0.001).
Conclusion: EPSI provides clinically significant metabolic meas-
ures in WB and selected regions including cortex.
[1] Hanson LG;Magn Reson Med 2000 Sep;44(3):412-7
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Application of in vivo and in vitro 1H NMR in multiple sclero-
sis studies
M. Sokól1, M. Maciejowski2, A. Cichon1, M. Gibas3; 1Biophysics
Department, Institute of Oncology, Gliwice, POLAND,
2Department of Neurology, Medical University of Katowice,
Katowice, POLAND, 3Chemical Faculty, Silesian University of
Technology, Gliwice, POLAND.

Purpose/Introduction: Numerous magnetic resonance spectro-
scopic studies have demonstrated the presence of metabolic abnor-
malities in CNS in patients with multiple sclerosis (MS). In
particular, the decrease in the N-acetyl-L-aspartate (NAA) has been
reported [1].
The aim of this study was to get a better insight into the metabolic
changes in relapsing-remitting RRMS patients as well as in those
with clinically isolated syndromes (CIS). In vitro high-resolution
1H NMR of the cerebrospinal fluid (CSF) was chosen as a comple-
ment to in vivo proton cerebral MRS.
Subjects and Methods: Single-voxel proton magnetic resonance
spectroscopy was performed in 16 patients (12 RR, 4 CIS) with
clinically diagnosed MS, and 18 controls. Spectra from 3.4 ml vox-
els located in frontal lobes and periventricular regions (4
spectra/patient) were acquired with a PRESS sequence
(1500ms/35ms/100, TR/TE/acquisitions) and analysed using auto-
matic fitting procedure resolving overlapping peaks [2]. Signals
due to NAA, cholines (Cho), total creatine (tCr), glucose (Glc),
glutamate+glutamine (Glx), myoInositol (mI), taurine (Tau),
lipids+lactate (Lip+Lac) were analysed.
High-resolution NMR measurements were done for 10 CSF sam-
ples (6 RR, 4 normal). A Varian Inova-300 multinuclear pulsed
NMR spectrometer operating at the 1H resonance frequency of 300
MHz was used. CSF was lyophilised and resolved in D2O.
Results: Table 1 shows the statistically important metabolite ratios
in CIS and RRMS patients as compared to the control group as well
as those which are statistically different in a direct comparison (the
ratios with p<0.005 are denoted with +; F means frontal lobes and
P represents periventricular regions). 
Table 1. Statistically important metabolite ratios in CIS and RRMS
patients

As reveals from the high-resolution NMR studies of CSF, for
RRMS patients the Glc level is higher than for the controls
(p<0.05), whereas the mI and Glx integral intensities are the same
as the normal values, thus confirming the observations from the in
vivo spectra.
Discussion/Conclusion: The biochemical status analysis in MS
should not be restricted to NAA, Cho and Cr. Other metabolites, as
glucose and taurine, seem to be sensitive and early indicators of

S14

metabolic disturbances.
Combining the in vivo and in vitro 1H NMR methods may give a
better definition of the mechanisms associated with MS.
References:

1. Rovaris M, Rocca M, Filippi M, [2003]British Med.
Biull.65:133-144.

2. Sokól M,[2001]Magn.Reson.Mat.Phys.Biol.Med.;12:177-
183.
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Three-dimensional metabolic imaging at 3T to follow disease
progression in Multiple Sclerosis
E. V. Moser1, A. Stadlbauer1, C. Balassy2, B. Kornek3, S. Gruber1,
S. Gruber1, K. Pinker2, D. Prayer2, K. Vass3, H. Lassmann4; 
1Medical Physics, Medical University of Vienna, Wien, AUSTRIA,
2Diagnostic Radiology, Medical University of Vienna, Wien, AUS-
TRIA, 3Clinical Neurology, Medical University of Vienna, Wien,
AUSTRIA, 4Brain Research, Medical University of Vienna, Wien,
AUSTRIA.

Purpose: The aim of this preliminary study was the evaluation of
metabolic changes in patients with previously diagnosed multiple
sclerosis by repeated standard MR imaging and high-field MRSI-
experiments. Special focus was the detection of metabolic changes
before the patients showed clinical symptoms of an active MS
episode.
Subjects and Methods: All 3D 1H-MRSI experiments were per-
formed on a 3T MR-scanner equipped with a birdcage head coil. A
hybrid-sequence consisting of a 2D-CSI and 1D-Hadamard-encod-
ing, TR=1600ms and TE=135ms was used. Standard MR images
(T2w; T1w contrast-enhanced) were acquired using a 1.5T MR-
scanner 2 days before the MRSI-experiment. Four patients (mean
age 35 years) were examined three times over a time period of 4
month. Metabolic maps of Cho/NAA were computed and the meta-
bolic changes of Cho/tNAA, Cho/Cr, tNAA/Cr were calculated for
each single voxel of the MRSI data set and for averaged spectra of
the whole VOI in a single slice using LCModel. Correlation tests
for lesion-load in T2w MRI�s and metabolic changes were per-
formed. Contrast enhanced T1w MRI�s were correlated with the
metabolic changes visible in the previous session.
Results: A total of 110 areas of metabolic changes were found in
the metabolic maps whereas standard T2w MRIs demonstrated 109
hyperintense lesions. Location of the MRSI visible lesion correlat-
ed in 43% with the lesion on standard MRI, 57% were found only
in MRSI (Table 1). The matching lesions showed decreased tNAA
and increased Cho in the spectra, whereas the lesions which only
were visible in metabolic maps showed only decreased tNAA.
Lesion load showed positive correlation with changes of Cho/Cr
(r=0.770 to 0.997) and Cho/NAA (r=0.725 to 0.839), and negative
correlation with NAA/Cr (r=-0.468 to -0.637) in averaged spectra
(Fig.1: A-C...patient data at 3 time points, D...lesion load and meta-
bolic profile, E...normal spectrum) across the whole corresponding
VOI of the MRSI experiment. In one case, eight weeks before an
MS episode, metabolic changes were visible whereas T1w MRI�s
showed no changes. Later, during the episode, MRI revealed a con-
trast enhancing lesion that correlated well with the previously de-
tected metabolic changes.
Discussion: 1H-MRSI at 3T seem to be a promising tool for the
evaluation of metabolic changes in patients with multiple sclerosis.
The evaluation of metabolic changes prior to T1w contrast enhanc-
ing respectively active plaques visible during active episodes may
be helpful in therapy planning and patient follow-up.

p<0.005 Localiz
ation

NAA/
tCr

Cho/
tCr

Cho/
NAA

Glc/
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CIS vs. normal F + + +
P + + +

RRMS vs. normal F + + + + + +
P + + + + + +

RRMS vs. CIS F +
P + +
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Changes in the normal-appearing white matter of patients
with relapsing multiple sclerosis using diffusion tensor imag-
ing
E. Cassol1,2, J. Ranjeva2, J. Lotterie1, C. Manelfe2, M. Clanet3, I.
Berry1; 1Biophysics, University Hospitals, Toulouse, FRANCE,
2Neuroradiology, University Hospitals, Toulouse, FRANCE,
3Neurology, University Hospitals, Toulouse, FRANCE.

Purpose/Introduction: Diffusion tensor imaging (DTI) was previ-
ously proved to be sensitive to subtle abnormalities occurring in the
normal-appearing white matter (NAWM) over a year of follow-up,
showing different changes of both trace and fractional anisotropy,
depending on the form of MS considered.
Here, our aim is to evaluate the predictive value in the long term of
diffusivity and anisotropy when measured in the NAWM of relaps-
ing-remitting patients (RRMS) with sequellae.
Subjects and Methods: Nineteen RRMS patients were included in
a one-year longitudinal study with three-monthly examinations. All
were selected with various levels of disability, a disease duration
longer than one year, with at least one relapse occurring within the
year before their inclusion.
Each examination (performed at Months 0, 3, 6, 9 and 12) consist-
ed in a clinical evaluation of disability (using both EDSS and
MSFC scores), a morphological- and DTI-MR examination to as-
sess the cerebral T2 lesion load (T2LL), the diffusivity (trace) and
fractional anisotropy (FA). Acquisitions were performed on a 1.5
tesla system (Magnetom Vision; Siemens Erlangen, Germany). For
DTI, 6 non-colinear directions of gradients were acquired allowing
a factor of gradients of 506 s.mm-2. Images were coregistered to
correct for misregistration induced by eddy-currents and to com-
pare within time-points. A mask of NAWM was generated using

SPM99 and eigenvalues calculated using the Matlab software.
Results: On average, when considering the whole group of pa-
tients, the EDSS was slightly increased (6 patients deteriorated, 4
recovered, and 9 remained stable) whereas the MSFC score was
significantly improved, however with a slight and non-significant
decrease from Month 9.
The volume of lesions was decreased relatively little (considering
the variability of the method, here estimated about 10%) but this
was significant. In addition, several patients had Gd-enhancing le-
sions, showing that some inflammatory events occurred during the
follow-up. During the study, trace significantly increased from the
ninth month whereas anisotropy decreased.
Correlations between parameters derived from the tensor and clini-
cal outcomes are not higher than those observed with lesion load.
Discussion/Conclusion: With DTI it was possible to evidence
NAWM abnormalities in relapsing patients with aftereffects, in-
cluded with mild or moderate disability and with variable T2LL.
This is encouraging since one year after the end of this study, pa-
tients were either stable or deteriorated. However, this will require
clinical hindsight of at least 5 years to be able to judge the predic-
tive value of diffusion abnormalities observed in this study.
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MRI and MRS help to the study of the anisotropy on the axon-
al pathology in multiple sclerosis
M. Gadea1, M. C. Martinez-Bisbal2,3, B. Celda2, L. Marti-
Bonmati3, R. Espert1, F. Coret4, B. Casanova5; 1Psicobiologia,
Facultad de Psicologia, Universitat de Valencia, Valencia, SPAIN,
2Quimica Fisica, Facultad de Quimica, Universitat de Valencia,
Burjassot, Valencia, SPAIN, 3Servicio de Radiologia, Clinica
Quiron, Valencia, SPAIN, 4Servicio de Neurologia, Hospital
Clinico Universitario, Valencia, SPAIN, 5Servicio de Neurologia,
Hospital Universitario La Fe, Valencia, SPAIN.

Introduction: Multiple sclerosis (MS) is a neurological degenera-
tive disorder mainly affecting the white matter, which causes de-
myelinating plaques, axonal damage and, eventually, neuronal loss.
Over the last few years, a wider interest has been shown in the ax-
onal pathology process in addition to demyelination. Although it is
widely accepted that MS has an impact on cognitive function
(mainly attention, memory and executive functions), there is con-
siderable individual heterogeneity. Patients with relapsing-remit-
ting forms (RRMS) (24-50%) suffer from some kind of attentional
deficit. Attention seems to depend of a broad network whose origin
would start at the ascending reticular activating system (ARAS),
including the locus coeruleus at pons. Our objective was to demon-
strate the existence of anisotropy on the axonal impairment by
means of neuroimaging (MRI and 1H MRSI) and conductual meas-
urements (�non-forced� and �forced� Dichotic Listening).
Subjects and Methods: There were studied 12 MS patients (7
male and 5 female) with early RRMS (mean evolution time, 36
months) and minimal clinical impairment (maximum EDSS, 2.5).
Transverse fibers axonal damage measurements included the area
of the corpus callosum (sagittal T1) and �non-forced� Dichotic
Listening tests. Longitudinal fibers axonal damage measurements
were the N-Acetylaspartate in the ARAS by 1H MRSI with TE 272
ms in pons, and �forced attention� Dichotic Listening tests. The
measurements were followed up within a year for each patient.
Results: A significant reduction on the corpus callosum areas
(p<.02) and a poorer execution on the �non-forced� Dichotic
Listening tests (p<.01) were observed in the 1 year follow up
(transversal axonal pathology). On the contrary, N-Acetylaspartate
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and �forced attention� Dichotic Listening tests (longitudinal axonal
fibers) did not express any change in a year.
Conclusions: The fact that the transversal axonal damage measure-
ments worsen in the follow-up while the longitudinal measure-
ments kept the same may be pointing to the existence of an
anisotropic lesional process in the axonal pathology evolution of
MS, affecting faster the transverse connexion fibers (right-left),
compared with fibers of longitudinal connection (up-down) with
both neuroimaging and conductual measurements.

34
Modulation of effective connectivity inside the working memo-
ry network in patients at the earliest stage of multiple sclerosis
M. V. Au Duong1, K. Boulanouar2, B. Audoin1,3, S. Treseras2, D.
Ibarrola1, I. Malikova3, S. Confort-Gouny1, P. Celsis2, J. Pelletier3,1,
P. J. Cozzone1, J. P. Ranjeva1; 1Crmbm cnrs 6612, Faculté de
Médecine, Marseille, FRANCE, 2INSERM U 455 service de
Neurologie, Centre Hospitalier Universitaire Purpan, Toulouse,
FRANCE, 3Service de neurologie, Centre Hospitalier Universitaire
Timone, Marseille, FRANCE.

Purpose: fMRI and structural equation modeling (SEM) were used
to study effective connectivity inside the working memory network
in patients at the earliest stage of multiple sclerosis (MS), while
performing paced auditory serial addition test (PASAT), a sensitive
task to reveal subtle cognitive impairments related to working
memory and information speed processing.
Methodology: The path model used for SEM included bilateral
connections between left and right BA 46, left and right BA 40, left
and right anterior cingulate cortex (ACC), left BA 44 and left BA
40, right BA 44 and right BA 40, and unidirectional ipsilateral con-
nections from BA 46 to BA 44, from ACC to BA 46, and from ACC
to BA 44.
Results: Experimental data from the two groups fit accurately the
working memory model, as well in patients (X2

(20) =13 (p=0.877)
as in controls (X2

(20) =13.54 (p=0.853)). The omnibus test indicat-
ed a significant difference of model fits in patients with clinically
isolated syndrome suggestive of MS (CISSMS) and in controls
(X2

(40) = 160.07 (p<0.0001)). Between groups comparisons (pa-
tients n=18, controls n=18) of effective connectivity were assessed
using a stacked model approach. Connectivity strengths from right
BA 46 to left BA 46, from left ACC to left BA 46 were lower in pa-
tients than in controls. In contrast, connectivity strengths from right
ACC to right BA 46, from left to right and from right to left ACC
were higher in patients compared to controls.
Conclusion: Effective connectivity inside the working memory
network appears altered in patients at the earliest stage of MS.
However, modulation of effective connectivity is present in pa-
tients inside the executive subsystems of working memory, and
could be related to adaptive cognitive control processes that may
limit the clinical manifestation of MS.

35
Local tissue damage assessed with statistical mapping analysis
of brain MTR. Relationship with functional status of patients
at the earliest stage of multiple sclerosis
J. P. Ranjeva1, B. Audoin1,2, M. V. Au Duong1, D. Ibarrola1, S.
Confort-Gouny1, I. Malikova2, E. Soulier1, P. Viout1, A. Ali Chérif2,
J. Pelletier2,1, P. J. Cozzone1; 1Crmbm cnrs 6612, Faculté de
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Médecine, Marseille, FRANCE, 2Service de neurologie, Centre
Hospitalier Universitaire Timone, Marseille, FRANCE.

Purpose: We aimed to determine the ability of magnetization
transfer imaging to better reflect the relationship between local tis-
sue damage and functional status of patients at the earliest stage of
multiple sclerosis (MS).
Methodology: We performed a comparative statistical mapping
analysis on brain tissue magnetization transfer ratio (MTR) data
measured in 18 patients with clinically isolated syndrome sugges-
tive of MS (CISSMS) and 18 matched controls.
Results: A pattern of significant low MTR values was observed in
the white matter (WM) of CISSMS patients inside the corpus callo-
sum, the bilateral occipitofrontal fascicles, the right fornix, the
right parietal white matter, the external capsule, the right superior
longitudinal fasciculus (SLF), the right inferior longitudinal fasci-
culus (ILF), the optica radiata, the parietal WM and the right cingu-
lum, and in the grey matter (GM), inside the bilateral thalamus, the
bilateral caudate, the right insula, and the left BA8. No correlations
were found between local MTR decrease and EDSS (expanded dis-
ability status score). Significant correlations between MTR and
MSFC (multiple sclerosis functional composite) scores (Spearman
rank test, p<0.05) were observed in patients in the left BA40, in the
right SLF, in the right frontal WM, in the splenium and in the pro-
jection of the anterior corpus callosum. Local MTR values and
PASAT (paced auditory serial addition test) addition scores were
correlated in the left BA40, in the right BA 4, in the right SLF and
in the splenium.
Conclusion: Statistical mapping analysis of brain MTR data al-
lows to study the relationship between the location of brain tissue
damage and its functional impact in MS patients, even at the earli-
est stage of the disease.

36
Pronounced changes in T1 histograms of normal-appearing
white and grey matter in Multiple Sclerosis
H. Vrenken1, J. J. G. Geurts1, F. Barkhof1, R. A. van Schijndel2, V.
Dattola1, J. A. Castelijns1, C. H. Polman

3
, P. J. W. Pouwels2;

1Radiology, VU University Medical Centre, Amsterdam, NETHER-
LANDS, 2Physics & Medical Technology, VU University Medical
Centre, Amsterdam, NETHERLANDS, 3Neurology, VU University
Medical Centre, Amsterdam, NETHERLANDS.

Introduction: Damage inflicted by Multiple Sclerosis (MS) dis-
ease activity outside focal lesions may account for part of the clini-
co-radiological mismatch. The present study investigated this
damage separately for normal-appearing white and grey matter
(NAWM and NAGM) in a large group of MS patients through T1
measurements.
Subjects and methods: T1 measurements covering the entire brain
were performed at 1.5T for 67 MS patients (13 primary progres-
sive, 36 relapsing-remitting, 18 secondary progressive) and 24
healthy controls, using a 3D-FLASH sequence with variable flip
angle [1] (TR/TE 20/4 ms, with 6 flip angles between 2 and 25 de-
grees). This method combines the advantages of 3D imaging with a
correction for B1 RF field imperfections. A multispectral automat-
ed brain segmentation based on proton density-, T2- and T1-
weighted images was performed using MFAST [2]. The
segmentation masks of WM and GM were eroded and MS lesions
were removed. Subcortical GM was removed from the GM mask
and infratentorial tissue from both masks. Of the resulting nor-
malised T1 histograms, the values of peak location, relative peak



1H and 31P Spectroscopy of skeletal muscle S17

height and FWHM were compared between groups.
Results: The smoothed group average T1 histograms show a clear
separation between NAWM and NAGM. Histogram peak location
is shifted significantly to higher T1 values for patient groups, with
the same order of change in both tissue types: the increase is signif-
icantly larger for SP MS (peak locations: NAWM 792 ± 36 ms /
NAGM 1355 ± 62), whereas PP (758 ± 16 / 1268 ± 63) and RR MS
(767 ± 25 / 1302 ± 49) have intermediate increase with respect to
controls (746 ± 23 ms / 1263 ± 44). Furthermore, in NAWM rela-
tive peak height decreases and FWHM increases going from con-
trols to SP MS patients.

Figure: Average T1 histograms of cerebral NAWM and cortical
NAGM (note the different scales of the horizontal axes).
Discussion: The observed statistically significant changes in T1
histogram parameters in both NAWM and NAGM are in agreement
with previous reports [e.g., 3,4]. Moreover, the differences ob-
served between MS subgroups with the present sensitive method
suggest that the disease burden outside focal lesions is more severe
in more progressed disease.

References:
1. Venkatesan R, et al., Magn Reson Med 1998; 40: 592-602
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3. Parry A, et al., J Neurol 2002; 249: 1279-1286
4. Srinivasan R, et al., AJNR 2003; 24: 58-67
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Intra-myocellular Lipids (IMCL) in thigh muscles - determi-
nation of distribution and measurement of reproducibility by
MRSI
P. Vermathen, R. Kreis, C. Boesch; Dept. Clinical Research,
AMSM, University and Inselspital, Bern, SWITZERLAND.

Introduction: Determination of IMCL in human muscles by 1H-
MRS has been performed mostly in calf muscles by single voxel
(SV) techniques. Few SV studies have estimated IMCL in quadri-
ceps (m. vastus lateralis, medialis, intermedius). Since the quadri-
ceps muscle is of physiological interest and preferred location for
biopsy studies, IMCL has been determined simultaneously in dif-
ferent muscles of the thigh by MRSI and reproducibility has been
evaluated.
Methods: The thigh of five healthy subjects was measured twice
with the subject leaving the magnet between scans. Measurements
were performed on a 1.5T system (SIGNA, GE) using a flexible
surface coil. A 2D-MRSI sequence with PRESS volume pre-selec-
tion was used (transverse orientation, thickness=15mm,
Matrix=36×36, FOV=20cm, TR/TE=1200/35ms). Processing in-
cluded spatial zerofilling, apodization, and lipid extrapolation. The
spectra were fitted using �TDFDFIT� employing prior knowledge.
Metabolites and fiber orientation (obtained from dipolar splittings
of Cr and Tau resonances) of each voxel were assigned to one of
seven muscles using segmentation. MR images were acquired with
the same sequence (replacing one phase-encoding with a readout
gradient) and served as individual references for receive profile in-
tensity corrections. An SV spectrum from bone marrow served as
internal reference.
Results: Spectral quality was very good in four of five subjects for
both, initial and repeated scans. While spectra from in one subject
(S3) were poor, they were not excluded from the subsequent analy-
sis. The figure shows the IMCL content in different thigh muscles
of all subjects for the repeated measurements. The largest IMCL
differences were observed between individuals, while the vastus
muscles showed only small differences. Reproducibility of IMCL
estimation was good for the vastus muscles: within-subject coeffi-



1H and 31P Spectroscopy of skeletal muscle

cients of variation ranged from 4.5% (vastus medialis) to 14.3%
(vastus lateralis). IMCL determination for other muscles in the
thigh (rectus femoris, adductor magnus) was less reproducible
(Fig). Other metabolites (Cr, TMA) and fiber orientation showed a
reproducibility that was similar or better than for IMCL.
Discussion: Simultaneous determination of IMCL levels and other
metabolites in different thigh muscles is possible by MRSI meth-
ods with sufficient reproducibility to measure clinically relevant
changes. Large interindividual IMCL differences confirmed previ-
ous observations. Between the three vastus muscles, differences
between IMCL levels were relatively small.
Acknowledgement: Supported by Swiss National Foundation
(3100-065315.01)
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Measurement of Intra-myocellular Lipids (IMCL) in obese
subjects using magnetic resonance spectroscopic imaging
(MRSI) - a feasibility study
P. Vermathen1, J. P. Schmid2, R. Kreis1, C. Boesch1; 1Dept.
Clinical Research, AMSM, University and Inselspital, Bern,
SWITZERLAND, 2Department of Cardiology, University and
Inselspital, Bern, SWITZERLAND.

Introduction: IMCL determination by 1H-MRS is of clinical inter-
est, since IMCL is negatively correlated to insulin sensitivity in
sedentary and diabetic volunteers [1,2]. However, these subjects
typically have an increased BMI and, subsequently, increased
extra-myocellular lipids (EMCL), which contaminates the IMCL
signal due to signal overlap. Single voxel spectroscopy (SVS) is es-
pecially susceptible for these problems, since post-acquisition
voxel repositioning is impossible. Conversely, increased EMCL
levels pose a problem also for MRSI, due to signal bleeding.
This feasibility study compares qualitatively SVS with MRSI
measurements in obese subjects, with respect to EMCL-IMCL sep-
aration.
Methods: Six obese subjects with BMI>30 were measured in thigh
(five subjects) or calf (one subject).
A 2D-MRSI sequence was used in transverse orientation (TR=700-
1200ms, TE=35ms, Matrix=36×36-64×64 (circular sampling),
FOV=16-20cm). Position and size of the PRESS box with outer-
volume-suppression and additional saturation bands were adjusted
to mostly exclude areas with strong lipid contributions. Single vox-
els (size=12×11×18mm3, TR=3000 ms, TE=20ms, 128acq) were
placed in vastus intermedius or in tibialis anterior, carefully avoid-
ing contamination by EMCL whenever possible. MRSI postpro-
cessing included spatial zerofilling, moderate apodization and lipid
extrapolation [3].
Results: In three of six SVS-spectra, IMCL-EMCL separation was
insufficient for a reliable IMCL determination, i.e. IMCL signal
was present only as a shoulder to EMCL (Fig). MRSI-spectra at the
position of the SVS and from adjacent regions showed the same
pattern with insufficient EMCL-IMCL separation in three subjects
and good separation in the others. However, for all six subjects sev-
eral spectra could be retrieved from other muscle regions with
clearly separated IMCL-EMCL peaks allowing a reliable IMCL de-
termination (Fig).
Discussion: IMCL determination in obese subjects by SVS meth-
ods fails often due to an inevitable overlap of IMCL by a strong
EMCL signal. MRSI methods at the same position as the SVS
voxel may not improve the reliability of IMCL determination.
However, all MRSI measurements yielded several spectra in differ-
ent regions of a specific muscle or in physiologically similar mus-
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cles with sufficient EMCL-IMCL separation. Thus, if it is not re-
quired to measure IMCL at a predefined region, e.g. for correla-
tions with other methods or for longitudinal studies, MRSI
methods are superior to SVS. Furthermore, MRSI may serve to
browse for regions with sufficient EMCL-IMCL separation for
subsequent SVS measurements.

References:
1. Jacob, et al. Diabetes 1999;48:1113
2. Krssak et al. Diabetologia 1999;42:113
3. Vermathen et al. Magn Reson Med. 2004;51:253
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Triple interleaved acquisition of 1H STEAM, 31P STEAM and
localised DQF lactate edited spectra for MRS of skeletal mus-
cle on a 3 T whole body system
M. Meyerspeer1, V. Mlynarik1, M. Krssak2, M. Roden2, G. Kemp3,
E. Moser1,4

; 1MR Centre of Excellence, Vienna Medical University,
Vienna, AUSTRIA, 2Department of Internal Medicine III, Vienna
Medical University, Vienna, AUSTRIA, 3Department of
Musculoskeletal Science, University of Liverpool, Liverpool,
UNITED KINGDOM, 4Department of Radiology, Vienna Medical
University, Vienna, AUSTRIA.

Purpose/Introduction: Proton and Phosphorus MRS can provide
complementary information on tissue metabolism. Interleaved ac-
quisition saves measurement time and permits acquisition of com-
plementary data in a single experiment that may be hardly
reproducible (e.g. due to muscle fatigue). In particular, quantifying
changes in lactate concentration from 1H-spectra and comparing
them with changes in pH, PCr and Pi derived fom 31P-spectroscopy
during exercise will remove a long-standing technical limitation to
the study of the regulation of glycolysis in skeletal muscle, and also
of cellular acid-base buffering mechanisms [1]. In muscle tissue,
direct observation of lactate is thwarted by strong overlaying lipid
resonances.Spectral subtraction or fat suppression techniques using
inversion are insufficient and hampered by motion artefacts, espe-
cially in muscle exercise studies.
Methods: An interleaved NMR pulse sequence comprising con-
ventional 1H-STEAM with CHESS water suppression, 31P-STEAM
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and an acquisition scheme for lactate detection by localised double
quantum coherence filtering (DQF) [2] was developed on a 3T
Bruker Medspec whole-body scanner. The three sequence elements
were joined into one pulse program while maintaining full inde-
pendence of their parameters such as voxel sizes, shapes and posi-
tions, TEs and pulses. To demonstrate the capability of the
sequence, a test object containing lipid emulsion, lactate and inor-
ganic phosphate was placed on a double tuned transmit-receive sur-
face coil (d=10cm).
Results: Spectra from a test object (see Figure) acquired in an in-
terleaved experiment are equivalent to results corresponding in
non-interleaved experiments. Dual interleaved STEAM [3] and the
stand-alone DQF lactate editing have been successfully tested in
human calf muscle. Note that the lactate doublet is visible in the
DQF spectrum only.

FIG. Spectra from a test object containig lipids, lactate and phos-
phate solution: (a) 1H-STEAM, V=8cm3, TE=7.5ms; (b) 31P-
STEAM, TE=7.5ms, V=12cm3; (c) localised DQF lactate editing,
V=8cm3. TR of the entire acquisition was 4s, N=16 averages.
Discussion/Conclusion: Interleaved acquisition of 1H and 31P-
STEAM spectra and a localised DQF lactate editing sequence was
demonstrated to be feasible on a 3T Bruker Medspec. The sequence
may be extended to variable acquisition ratios for the constituent
modules, e.g. accumulating several lactate spectra during one TR to
enhance sensitivity and to account for long T1s of 31P metabolites.
References:
[1] Kemp GJ, Roussel M, Bendahan D, le Fur Y, Cozzone PJ
[2001] J Physiol 535:901;28.
[2] Jouvensal L, Carlier PG, Bloch G [1996] Magn Reson Med
36:487;490.
[3] Meyerspeer M, Krssak M, Kemp GJ, Moser E [2004]
Proceedings ISMRM #2367.
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Can larger intramyocellular lipid (IMCL) content conserve
glycogen during endurance activity and inrease maximal per-
formance? 
M. Ith1, M. Zehnder1, E. R. Christ2, K. Acheson3, R. Kreis1, J.
Décombaz3, C. Boesch1; 1Department of Clinical Research,
University and Inselspital Bern, Bern, SWITZERLAND,
2Department of Endocrinology and Diabetes, University and
Inselspital Bern, Bern, SWITZERLAND, 3Research Center, Néstle,
Lausanne, SWITZERLAND.

Introduction: Relative contributions of intra-myocellular lipids
(IMCL) and glycogen to the energy demands during exercise are
constantly debated. This study investigates effects of different
IMCL-levels on the usage of IMCL and glycogen during sub-max-
imal exercise, and whether higher IMCL-levels result in glycogen
conservation and/or increased maximal performance in subsequent
exercises.
Volunteers and Methods: Eleven endurance-trained male athletes
were investigated in a randomized crossover-design: preparatory
diet (3days) - depletion-1 (3h bicycle @50%Wmax) - MRS-ses-

sion-1 - diet period (low vs. high-fat) - MRS-session-2 - depletion-
2 - MRS-session-3 - 20-km time-trial. While carbohydrate intake
was identical on both occasions (7g/kgBM/d), a low fat (LF:
fat<0.5g/kgBM during 2.5days) or high fat diet (HF:
fat<0.5g/kgBM 1st day and 3.5g/kgBM the following 1.5days)
were given. The 20-km time-trial (TT) was done on a racing bicy-
cle (back wheel fixed).
Single-Voxel 1H-MRS (PRESS, TE 20ms, 12x11x18mm3 in
m.vastus intermedius) and pulse-and-acquire 13C-MRS (adiabatic
pulse, TR 165ms, 3x4000 acquisitions, CW-decoupling and NOE)
were performed with a double-tuned flexible coil (Medical
Advance, Milwaukee WI) on a 1.5T MR-system (General Electric).
Absolute quantitation of IMCL was described earlier [1] and
Glycogen was calibrated by the signal area of creatine. Oxygen and
carbon dioxide were determined by volume and gas analysis.
Results: IMCL (Fig.1) and glycogen levels (Fig.2) were indistin-
guishable between both sessions of the crossover-design after
MRS-session-1. HF-diet led to significantly higher (p<0.001)
IMCL-levels, whereas glycogen levels were comparable. Subjects
reduced glycogen/creatine by the same amount during exercise, in-
dependent of the preceding diet. IMCL utilization was significantly
larger after HF (p<0.001), leading to the same post exercise con-
centrations (p=0.187). Fig.3 shows a good correlation (R=0.81,
p<0.001) between IMCL-levels prior to, and depletion during the
3h-exercise. During depletion-2, average total fat- and CHO-oxida-
tion and energy expenditure were equal after both diets. Fig.4
demonstrates that subjects were faster during the second, third, and
last 5km of the TT; without reaching significance.
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Discussion&Conclusions: Starting with identical levels, either
diet leads to almost identical glycogen/creatine levels, whereas
IMCL significantly differ. During depletion-2, IMCL-levels did not
influence glycogen utilization despite the larger amount of IMCL.
The higher the initial IMCL-levels the larger were their contribu-
tion during sub-maximal exercise. Since total fat and carbohydrate
oxidation were similar in both tests, it would appear that larger
IMCL utilization is compensated for by lower contributions from
blood. There was a tendency toward better performance after HF-
diet.
Reference:[1] C.Boesch et al Proc.Nutr.Soc. 58:841-850(1999).
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Changes in PCr transition to and from different work rates
during moderate and heavy isotonic calf exercise
M. Schocke1, R. Esterhammer1, W. Arnold1, W. Jaschke1, G.
Fraedrich2, A. Greiner2; 1Innsbruck Medical University, Clinical
Division of Diagnostic Radiology I, Innsbruck, AUSTRIA,
2Innsbruck Medical University, Clinical Division of Vascular
Surgery, Innsbruck, AUSTRIA.

Purpose/Introduction: The phosphocreatine (PCr) levels during
moderate-intensity exercises, below the lactate threshold are linear
to the workload with a monoexponetial transition to and from a
steady-state. During high-intensity, several studies reported on an
acceleration of PCr degradation during high-intensity muscle exer-
cise, above the lactate threshold. The purpose of this study was to
investigate the linearity between PCr kinetics and workload during
transitions to and from different workload levels with a peak work
rate of 9 W for one limb
Subjects and Methods: Using a whole-body 1.5 Tesla MR scanner
and self-built exercise bench, we performed serial 31P MRS with a
time resolution of 30 seconds in eight healthy, male volunteers.
Changes in PCr, inorganic phosphate (Pi) and pH were statistically
evaluated in comparison to the baseline. The exercise protocol
started with a 4.5 W interval of 6 minutes followed by two bouts of
1.5 W increments. The workload was increased in 2 minute inter-
vals up to 9 W during the first bout, and up to 7.5 W during the sec-
ond bout. The second bout was preceded by a 4.5 W interval of 2
minutes and followed by a 4.5 W interval of 4 minutes.
Results: The PCr hydrolysis was closely related to the different
workload levels and passed into a steady-state during each interval,
although a significant decrease in pH was observed during the 6 W
increment of the first bout. PCr did not significantly decrease dur-
ing the 6 W increment of the second bout and passed early in a
steady-state during the 7.5 W increment compared to the first bout.
The PCr levels at the end of each increment were linear to the
workload. The pH decreased continuously during the first bout and
did not exhibit any substantial decreases during the second bout.
Discussion/Conclusion: Our study confirms that PCr levels are
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completely linear to the workload levels, while pH changes do not
have any impact on PCr hydrolysis. The PCr kinetics during the
second bout accompanied by a lack of substantial changes in pH in-
dicate that prior high-intensity muscle exercise result probably in
an activation of metabolism and blood flow.
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A novel method for clinical functional 1H muscle spectroscopy
using muscle contraction induced by Tetanic Repetitive
Electrical Nerve Stimulation
J. Slotboom1, K. M. Rösler2, C. Kiefer1, A. Nirkko2; 1Department
of Diagnostic and Interventional Neuroradiology / DRNN,
Inselspital, Bern, SWITZERLAND, 2Department of Neurology,
Inselspital, Bern, SWITZERLAND.

Introduction: 1H muscle spectroscopy allows for the non-invasive
detection of creatine (Cr) and acetyl carnitine (AcCt) (1). In healthy
subjects it is possible to measure the metabolic response functions
after active exercise (ergometer), but this is difficult in patients
with muscle diseases. Supramaximal tetanic electrical nerve stimu-
lation allows to induce reproducible muscle contractions, involving
all innervated muscle fibers, independent of the motivation and
physical abilities of the patient (= �imposed exercise�). The combi-
nation of electrical muscle stimulation and proton MRS was exam-
ined.
Subjects and Methods: For spectroscopy of the tibialis anterior
muscle, the common peroneal nerve was stimulated. For spec-
troscopy of the adductor pollicis muscle, the ulnar nerve was stim-
ulated. Supramaximal electric stimulation was performed with a
Nicolet Viking III (Madison, WI, USA) electrophysiology station
using a 50Hz pulse-train (pulse length 0.2ms; approx. 25mA ulnar
nerve; 40mA peroneal nerve) for 2 minutes, using surface elec-
trodes and shielded cables. Spectra were recorded using PRESS
(TE 135; TR1500ms; voxelsize hand 15x15x15; tibialis anterior
30x30x40) averaging and post-processing each 8 subsequent spec-
tra (5 spectra per minute). The spectra were fitted with the graphi-
cal version of TDFDFIT (2), allowing for direct processing of
DICOM formatted spectroscopy files.
Results: Figure 1 shows the Cr3 and the AcCt response curves of
the tibialis anterior of two healthy volunteers using a protocol with
120 seconds baseline spectra, 120 seconds spectra during electrical
stimulation, followed by a muscle recovery period (240-400 sec-
onds). Using conventional coils, the technique allowed sampling of
high-quality proton spectra during the imposed exercise, since the
investigated muscle did virtually not move. Both, AcCt and Cr3 de-
creased rapidly during the imposed exercise and recovered quickly
after stimulation. AcCt recovery leads to considerable overshooting
after exercise (over compensation).
Discussion/Conclusion: A novel method is presented for examina-
tion of metabolic responses of Cr and AcCt during muscular exer-
cise. The stimulation technique induces defined and reproducible
maximal muscular exercise, independent of the cooperation of the
subject. Our technique is widely applicable, because standard clin-
ical MR scanners acquiring proton spectra can be used. It is poten-
tially useful for the assessment of impaired metabolism in muscle
diseases and has potential applications also in sports medicine.
Electrical stimulation can also be applied in combination with 31P or
13C spectroscopy.
References:
(1) Kreis R, et al. (1999), NMR Biomed. 12(7): 471-476; (2)
Slotboom J. et al., Magn. Reson. Med. 39, 899-911 (1998)



1H and 31P Spectroscopy of skeletal muscle S21

43
High-energy phosphate metabolism in the exercising calf mus-
cle under progressive degrees of cuff ischemia measured by
phosphorus-31 magnetic resonance spectroscopy (31P MRS)
A. Greiner1, R. Esterhammer2, W. Arnold2, W. Jaschke2, G.
Fraedrich1, M. Schocke2; 1Innsbruck Medical University, Clinical
Division of Vascular Surgery, Innsbruck, AUSTRIA, 2Innsbruck
Medical University, Clinical Division of Diagnostic Radiology I,
Innsbruck, AUSTRIA.

Purpose/Introduction: During ischemic conditions in exercising
muscle ATP is supplied by anaerobic glycolysis and breakdown of
phosphocreatine (PCr). During non-ischemic conditions, PCr hy-
drolysis passes in a steady-state. The level of the steady-state de-
pends on the workload. The purpose of this study was to investigate
PCr and inorganic phosphate (Pi) kinetics as well as pH changes in
exercising muscle at a workload level of 4.5 W under progressive
degrees of cuff ischemia.
Subjects and Methods: Using a whole-body 1.5 Tesla MR scanner
and self-built exercise bench, we performed serial 31P MRS with a
time resolution of 30 seconds in eight healthy, male volunteers.
Percental changes in PCr, Pi and pH were statistically evaluated in
comparison to the baseline. The exercise protocol was character-
ized by a constant workload level of 4.5 W. Ischemic conditions
were achieved by a cuff that was placed at the upper leg.
Consecutively, increments of 0, 60, 90, 120 and 150 mmHg were
applied. Each increment lasted 3 minutes. The following rest peri-
od lasted 10 minutes.
Results: PCr passed into a steady-state during the first increment
with 0 mmHg and showed no substantial changes during the incre-
ments with 60 and 90 mmHg. During the increment with 120
mmHg, PCr showed significant decreases and passed into steady-
state at a lower level. During the increment with 150 mmHg, PCr
hydrolysis appeared to be progressive. Pi passed also into a plateau
level at begin of the exercise and increased significantly at the in-
crement with 150 mmHg. Accordingly, pH exhibited a plateau dur-
ing the increments up to 120 mmHg. At 150 mmHg, pH decreased
progressively.
Discussion/Conclusion: Our study shows that ischemic conditions
during a constant muscle exercise are clearly characterized by PCr
and Pi kinetics as well as pH changes. A grade of stenosis that can-
not be compensated during muscle exercise results in a progressive
PCr hydrolysis that does not pass into a steady-state. Accordingly
Pi increases and the pH decreases. Therefore, we propose serial
31P MRS during isotonic muscle exercise as a suitable tool for the
evaluation of peripherial arterial stenosis.

44
Creatine supplementation results in a shift in relative inorgan-
ic phosphate levels in creatine deficient knockout mice
H. E. Kan1, W. K. J. Renema1, D. Isbrandt2, A. Heerschap1;
1Department of Radiology, University Medical Center, Nijmegen,
NETHERLANDS, 2Center for Molecular Neurobiology, University
of Hamburg, Hamburg, GERMANY.

Introduction: As a model for the disease in humans, guanidinoac-
etate methyltransferase (GAMT) deficient knockout mice (GAMT-
/-) were generated [1]. Since these mice lack creatine (Cr), an
important compound in energy metabolism, they provide an excel-
lent opportunity to study the function of Cr and the creatine kinase
system in vivo. Recent observations in these mice using 31P mag-
netic resonance spectroscopy (MRS) showed that some of the con-
sequences of GAMT deficiency are the absence of phosphocreatine
(PCr) and an increased relative inorganic phosphate (Pi) level in
muscle [2]. The aim of the present study was to investigate whether
these consequences can be reversed by Cr supplementation in
GAMT-/- mice.
Methods: MRS measurements were performed at 7.0T and a three-
turn solenoid coil was used for 31P measurements, together with an
Alderman-Grant type of 1H coil for shimming. Mice were anaes-
thetized with 1.5 % isoflurane and body temperature was main-
tained using a warm water blanket.
Three groups of GAMT-/- mice were supplememented with 2g/kg
Cr monohydrate dissolved in the drinking water, supplementation
periods were 24 hours (n=4), 48 hours (n=6) and 1 month (n=4).
Before and after the supplementation period a 31P MR spectrum of
the hindleg was recorded (TR=7000ms, 128 averages). Data were
processed using jMRUI [4] and Pi/ATP ratios before and after Cr
supplementation were compared with a paired t-test. Results were
considered significant at p<0.05 (bold in table).
Results: In all GAMT-/- mice, the 31P MR spectrum showed a neg-
ligible PCr content and a high phosphorylated guanidinoacetate
(PGua) signal, the immediate precursor of Cr, as we have reported
before [2]. After supplementation with Cr for 1 day, a distinct PCr
peak was visible which increased after 2 days of supplementation
while the PGua peak decreased until after 1 month of Cr supple-
mentation only the PCr resonance was visible (Fig 1). Pi/ATP ratios
decreased significantly only after the longest supplementation peri-
od and did not differ from Pi/ATP ratios in wildtype littermates
(table 1).

Figure 1. 31P MR spectra under resting conditions (TR=700mx.
128 averages) of the hind leg of a WT mouse (A), a GAMT-/-
mouse (B) and the increase in signal intensity of PCr after 24 hours
(C), 48 hours (D) and 1 month (E) of Cr supplementation. In
GAMT-/- mice without Cr supplementation. no, PCr is present but
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instead PGua at 0.44 ppm upfield of PCr.
Conclusion: These results show that GAMT-/- mice can take up Cr
in skeletal muscle and that Cr plays a role in Pi homeostasis.
Furthermore, after a longer period of Cr supplementation the phe-
notype of GAMT-/- mouse hindleg muscle strongly resembles WT
muscle, suggesting that the consequences of GAMT deficiency in
muscle are, at least partly, reversible.
High energy phosphate ratios in GAMT-/- and WT hindleg muscle
before and after Cr supplementation.

References: [1]Schmidt, A, et al. (2004) Hum Mol Gen,.13(9):
905-21 [2]Kan, H.E. et al. (2003) Magma, 16 Suppl 1: 117
[3]http://www.mrui.uab.es/mrui/mruiHomePage.html.
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Signal extinctions on T2*-weighted MRI after experimental
stroke in rats: implication for cell labeling methods
R. Weber, S. Wegener, P. Ramos-Cabrer, U. Uhlenkueken, M.
Hoehn; In-vivo-NMR Laboratory, Max-Planck-Institute for
Neurological Research, Köln, GERMANY.

Introduction: High-resolution MR-imaging has recently been
used to monitor the migration of iron-labeled stem cells in rats with
ischemic stroke (Hoehn et al., PNAS 99(25):16267-16272).
Implanted cells produce a signal loss on T2*-weighted MR-images
due to susceptibility effects. We also detected hypointense areas in
the ischemic territory 2-8 weeks after the induction of focal is-
chemia in sham-implanted rats. The origin of these signal changes
was investigated.
Methods: Focal ischemia was induced in male Wistar rats (260-
310g) by transient middle cerebral artery occlusion. 24h later, dif-
fusion- and T2-weighted imaging was performed on a 4.7T Bruker
animal scanner. Two weeks after MCAO, T1-, T2-weighted multi-
slice multiecho and 3D-gradient echo T2*-weighted images were
acquired. At this time point one group of animals (n=3) was sacri-
ficed for histological processing. In the remaining 8 animals a
sham-implantation using cell culture medium was conducted on the
contralateral hemisphere, followed by T1-, T2-weighted and 3D-
gradient echo T2*-weighted MR-imaging over 8 weeks. HE-stain-
ing, iron-staining with Perl´s Prussian blue and
immunohistochemical detection of ED-1-positive
microglia/macrophages was performed on 40µm brain sections
after the end of the MRI observation period.
Results: Areas with hypointense signals within the infarct were
visible on 3D-gradient echo T2*-weighted images in all animals 10
weeks after MCAO (Fig.), while they were present only in 5 of 8
animals after 2 weeks. The hypointense areas were mainly located
in the dorsolateral striatum and corresponded to iron-laden cells de-
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tected by Perl´s Prussian blue staining (Fig.). Resolution allowed
detection of cell clusters of about 50 iron-positive cells. On T2-
weighted images such hypointensities were only detected in the
case of massive iron accumulation. Most of the iron-positive cells
represented ED-1 positive microglial cells and larger macrophages,
while iron-negative ED-1 positive cells did not cause susceptibility
effects.
Discussion: We demonstrate the sensitivity to detect iron-contain-
ing macrophages in the ischemic area without systemic pre-label-
ing with iron-particles. Endogenous iron-positive cells accumulate
in the ischemic territory after transient MCAO and cannot be dis-
tinguished from iron-labeled transplanted stem cells by T2- or T2*-
weighted MR-imaging. Caution should therefore be taken when
implementing iron-based labeling methods for cell implantation in
experimental stroke studies.

Fig.: Detection of iron-positive macrophages on T2*-weighted
MRI (left) and immuno-histochemical staining (middle and right)
by Perl´s Prussian blue (blue) and ED-1 staining (brown).
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In vivo multimodal imaging of a rat model for Parkinson�s dis-
ease: high resolution micro-MRI, micro-SPECT and micro-CT
N. Van Camp1, M. Verhoye1, A. Leemans2, A. Postnov3, D.
Beque4, J. Van den Eynden4, J. Nuyts4, E. Lauwers5, A.
Verbruggen6, Z. Debyzer7, V. Baekelandt5, N. De Clerck3, J.
Sijbers2, K. Van Laere4, A. Van der Linden1; 1Bio-Imaging Lab,
University of Antwerp, Antwerpen, BELGIUM, 2Visielab,
University of Antwerp, Antwerpen, BELGIUM, 3Microtomography,
University of Antwerp, Antwerpen, BELGIUM, 4Nuclear Medicine,
University Hospital Gasthuisberg and KULeuven, Leuven, BEL-
GIUM, 5Laboratory for Experimental Neurosurgery and
Neuroanatomy, KULeuven, Leuven, BELGIUM, 6Laboratory for
Radiopharmaceutical Chemistry, KULeuven, Leuven, BELGIUM,
7Laboratory for Molecular Virology and Gene Therapy,
KULeuven, Leuven, BELGIUM.

Introduction: Multimodality imaging enables acquisition of com-
plementary information provided accurate image co-registration is
ascertained. To that end, a uniform animal restraining device was
developed to study a rat Parkinson's disease model, hereby per-
forming consecutively in the same animal: microCT for accurate
skull positioning, microMRI for accurate neuroanatomical infor-
mation and microSPECT for dopamine transporter binding in the
affected brain areas.
Material&Methods: 3control and 3unilateral 6-OH-dopamine le-
sioned female wistar rats (200-300g) were subsequently scanned.
MicroSPECT: Rats were anesthetized with 60mg/kg nembutal.
90minutes after iv injection of 300MBq of 123I-FP-CIT (123I-ioflu-
pane) the rat�s brain was scanned using a single-head Millenium
GE SPECT gamma camera with a 3mm aperture single-pinhole
collimator. Tomographic images were produced with maximum-
likelihood reconstruction (300iterations). Transporter binding in-
dices were calculated as activity in the striatum divided by
aspecific activity in the cerebellum minus 1, giving an indicator of
transporter binding capacity. MicroCT: Rats were anesthetised
with ketalar/rompun (75mg/kg-5mg/kg). Scanning was performed

Pi/ATP PCr/ATP PGua/ATP
WT 0.40 ± 0.10 3.16 ± 0.27 not detected
GAMT-/- 0.65 ± 0.09 not detected 3.04 ± 0.17
GAMT-/-, 1 day Cr 0.81 ± 0.12 1.93 ± 0.21 2.89 ± 0.41
GAMT-/-, 2 days Cr 0.60 ± 0.11 2.17 ± 0.31 1.90 ± 0.36
GAMT-/-, 1 month Cr 0.26 ± 0.05 2.89 ± 0.06 not detected
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on an in-vivo X-ray micro-CT (Skyscan-1076, Belgium) without
gating for cardiac or respiratory motion. Both X-ray source (spot
size 5µm, energy range 20-100keV) and detector (CCD Camera
2kx4k) rotated around the animal. Scans were isotropic with a
voxel size of 35x35x35µm3. Virtual cross-sections were recon-
structed by a Feldkampf cone beam algorithm. MicroMRI: MRI
was performed on a 7 T (MRRS, UK) MR system. During MRI ex-
periments, rats were fully monitored and anesthetized with 2%
isoflurane in a 30-70% O2-N2 mixture. High resolution T2 and T1-
weighted coronal images were obtained using respectively a 3D-
FSE (FOV:(35mm)3; matrix:256x128x64; TR=2500ms, TE=35ms,
ETL=4) and 3D-SE (FOV: (35mm)3; matrix:256x128x128;
TR/TE=298/24ms). T2-weighted (TE=18-36-50ms) and diffusion-
weighted (b-factor:0.00sec/m2;2,55E+08sec/m2;6,00E+08sec/m2)
images were acquired with SE- sequences (12coronal slices;
FOV:30mm; 256x128; TR=1920ms). Co-registration was per-
formed based on maximisation of mutual information. Diffusion
and T2-maps of basal ganglia were calculated in IDL.
Results&Discussion: Co-registration was performed for all im-
ages and allowed accurate delineation of the striatum on HR MRI
for volume-based quantification of the microSPECT data. In a sec-
ond phase, these data can be used for partial volume correction of
the SPECT quantitative data1. The diffusion maps displayed in-
creased ADC values in the basal ganglia of PD-rats as compared to
controls (p=0.007). The difference in T2 value in left and right
striatum is significantly (p=0.04) different for control and PD-rats,
with a decreased T2 in the affected striatum. Moreover microCT al-
lowed positioning the affected regions both on SPECT an MRI, rel-
ative to bregma.

1Baete-K,Nuyts-J,VanLaere-K et al.,Evaluation of Anatomy-Based
Reconstruction for Partial Volume Correction in Brain FDG
PET,NeuroImage2004,in press 
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Quantitative MRI characterization of progressive tissue dam-
age following a head trauma in rat brain
R. J. Koskinen1, I. Kharatishvili2, H. Gröhn1, A. Pitkänen2, O.
Gröhn1; 1Biomedical NMR, A.I.Virtanen Institute, University of
Kuopio, Kuopio, FINLAND, 2Neurobiology, A.I.Virtanen Institute,
University of Kuopio, Kuopio, FINLAND.

Introduction: The MRI investigation of spatio-temporal changes
in morphology and tissue water-homeostasis in traumatic brain in-
jury (TBI) may clarify the mechanisms of TBI and provide an in-
sight into long-term consequences leading to e.g. development of
epilepsy in ~50 % of patients with penetrating head trauma.
Methods: TBI was induced in 14 rats by fluid percussion [1]. MRI
data were acquired 3h, 3d, 9d, 23d and 2mo at 4.7T. Volumetric
changes were detected using T2-wt SE-imaging (TE=70ms,
TR=3s, 128*256pts, FOV 3*3cm2, thk=0.75mm, 19 slices). T2,
T1p, trace of the diffusion tensor (Dav) and relative diffusion
anisotropy were quantified from a single slice using a fast-spin-
echo sequence (TR=3.0s, 128*256pts, FOV 3*3cm2, thk=1.5mm;
T2: TE=20-80ms; T1p: SLT=18-78ms, B1=0.8G; Dav: b-val=90-
1014s/mm²). T2

* was measured using a GE-sequence (TE=5-15ms,
TR 0.7s).
Results: T2*-images showed intracerebral hemorrhage in 11/14 an-
imals. Three animals developed severe tissue damage at 2 months,
characterized by a large cortical lesion (>40 mm3) and elevated re-
laxation times and diffusion in the ipsilateral cortex (T2>300 ms,
T1p>400 ms and Dav>2.0*10-3 mm2/s). Four animals had no
changes in T2, T1p nor Dav at 2 months, in spite of initial (3h-3d)
increases of relaxation times (by 6-10 %) and decreased diffusion
(~4%). The rest (n=7) displayed decreased Dav in the cortical le-
sion in the initial phase followed by an increase of Dav after day 9
(Table). T2 was initially increased by ~26 %, but this declined to an
~8% increase at 2 months. Interestingly, T1p showed similar initial
increase but no recovery. In ipsilateral hippocampus, relaxation
times were elevated by 3-7 % at day 3 after which they completely
recovered. Dav showed secondary increase by ~5% at 2 months
probably due to delayed tissue damage in the hippocampus.
Progression of the damage was also evident from the increased size
of ipsilateral ventricle and the decreased size of hippocampus.
Conclusion: Current data indicates that a subpopulation of animals
develops cortical and/or hippocampal damage that continues to
progress several weeks/months after TBI. Furthermore, T1p
showed higher sensitivity to long-term post-traumatic changes than
T2 or diffusion, resembling the high sensitivity of this parameter to
neuronal damage in experimental stroke studies [2]. It remains to
be studied whether quantitative MRI may help to differentiate the
animals that will develop epilepsy after TBI as shown to occur in
this animal model [1].

References:
[1] Kharatisvili et al [2003] Epilepsia, 44, suppl. 8
[2] Gröhn et al [1999] MRM 42, 268
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Table1: Diffusion and relaxation values from ipsilateral cortex and
hippocampus (Mean±SEM).
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Auditory fMRI meets animal vocal learner: temporal aspects
of the BOLD response in the songbird telencephalon exposed
to complex stimuli
V. Van Meir, T. Boumans, G. De Groof, M. Verhoye, A. Van der
Linden; Biomedical Sciences, University of Antwerp, Antwerp,
BELGIUM.

Introduction: Auditory fMRI in humans has recently received in-
creasing attention from cognitive neuroscientists as a tool to under-
stand mental processing of learned acoustic sequences and
analyzing speech recognition and development of musical skills. In
songbirds detailed discrimination between different complex audi-
tory features is crucial for the development and maintenance of sta-
ble songs. Specialized regions have been found within the auditory
pathway, which are involved in different levels of auditory discrim-
ination and recognition. They are therefore an excellent animal
model to study the BOLD-response properties of complex sensory
input.
Methods: 6 anaesthetized male starlings were imaged on a 7 tesla
MRI system while exposed to a set of complex auditory stimuli
provided in a block designed on/off paradigm. The stimuli, being
conspecific song and classical music, were presented as either rep-
etitions of the same syllable or musical fragment, or the composi-
tion of different syllables or musical fragments. Data were analysed
based on the signal intensity changes during and immediately after
stimulus presentation in two ROI�s defined as the primary (field L)
and secondary (NCM) auditory regions.
Results: In both ROI�s stimulations led to very specific temporal
Blood Oxygenation Level Dependent (BOLD) responses. The sig-
nal reached a peak level 5 to 15 seconds after stimulus onset fol-
lowed by a progressive decline to a sustained baseline level during
stimulation. Stimulus offset elicited a post stimulus dip. The initial
transient phase of the BOLD response in field L was much steeper
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as compared to NCM, and might reflect the sensitivity to sound on-
and offsets in field L. The temporal aspects of the response in Field
L were not different between the applied stimuli, whereas this
shape was significantly affected by the type of stimulus in NCM.
Neurons in NCM tend to respond in a more sustained way to com-
plex stimuli. According to this the initial signal intensity peak was
reached significantly later in NCM than in field L during song stim-
ulation.
Discussion: Stimulation protocols with various listening tasks lead
to appropriate activation of successive relays in the songbirds� au-
ditory pathway. The BOLD response is also region and stimulus
specific, and its temporal aspects provide accurate measures of the
changes in brain physiology induced by complex stimuli.
Successful application of auditory fMRI in songbirds provides a
potential path for bridging the gap between the observed BOLD re-
sponses during exposure to complex temporal sequences and fun-
damental electrophysiological and molecular brain research in
small laboratory animals.
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Differential effects of isoflurane and equithesin on fMRI de-
tected neural activity in a rat model
M. Dashti1,2, M. Geso3, J. Williams1; 1Neuroimaging and
Neuroinformatics, The Howard Florey Institute of Experimental
Physiology and Medicine, Parkville, Victoria, AUSTRALIA,
2College of Allied Health Sciences, Kuwait University, Kuwait,
KUWAIT, 3School of Medical Sciences, RMIT-University,
Bundoora, Victoria, AUSTRALIA.

Introduction: With the increasing use of a number of echo planar
imaging (EPI) fMRI experimental paradigms in rodents, we inves-
tigated the effects of two commonly used anaesthetics on the repro-
ducibility of a simple stimulation paradigm. This stimulus
consistently produced very strong and robust activations when the
rats were anaesthetised using isoflurane, whereas no activation was
detected in rats anaesthetised with equithesin.
Methods: fMRI experiments were carried out on a Bruker 47/30
Biospec system in eight male Sprague-Dawley rats (358±24g),
anaesthetized initially with isoflurane and then equithesin one
week later. T2-weighted (RARE) scans were acquired as high-reso-
lution images to use for localisation of observed neuronal activa-
tions using gradient echo EPI based fMRI. Each EPI experiment
(42 volumes) consisted of; 4 OFF (no stimulation), and 3 ON (re-
peated air-puffs) blocks, each of 6 volumes. Changes in the BOLD
signal response were analysed using a box-car response function
(SPM99) correlated against each voxel to determine regions of ac-
tivation (corrected p < 0.0001, Z score>3.54). Neuronal activations
were overlaid on the RARE axial scans using MRIcro software and
the Paxinos and Watson rat atlas was used to identify regions of ac-
tivation.
Results: The repeated air-puff induced an average BOLD-fMRI
signal increase of 3.4%±1.5% (n=8) during the ON blocks when
isoflurane was used as an anaesthetic agent. However, equithesin
showed no neural activation in all experiments. BOLD-fMRI sig-
nal increase was noted throughout the cerebral cortex with this
stimulation paradigm, but the highest cluster size and Z score of ac-
tivation was always noted in the left barrel field (S1BF) region of
the somatosensory cortex in all experiments with isoflurane
(Figure-1).
Conclusion: Repetitive air-puff is a novel technique for rat cortical
stimulation and can be used in all functional experiments to
demonstrate consistent fMRI responses, acting as an internal stan-

Cortex
Dav 
(*10-3 mm2/s)

Diff.anisot.
(%)

T2 (ms) T1p (ms)

Ctrl 0.70±0.01 4.7±1.0 56.4±0.3 82.0±1.2
3 hours 0.65±0.02** 5.3±1.5 63.8±1.0** 89.0±2.1**
3 days 0.76±0.02** 2.1±0.6* 71.2±1.6** 107.3±2.1**
9 days 0.91±0.05** 2.2±0.4* 66.4±2.5** 104.7±7.5**
23 days 0.98±0.05** 3.9±0.6 65.3±1.9** 107.0±4.5**
2 months 1.02±0.06** 4.5±0.6 61.1±1.3** 104.0±4.3**

Hippocampus
Dav 
(*10-3 mm2/s)

Diff.anisot. 
(%)

T2 (ms) T1p (ms)

Ctrl 0.72±0.01 7.2±0.9 62.0±0.3 87.8±1.2
3 hours 0.81±0.09 15.0±4.5 63.7±0.5** 88.3±1.7
3 days 0.72±0.03 9.5±1.2 64.7±0.2** 94.3±1.3**
9 days 0.72±0.01 5.3±0.7 61.1±0.3 88.7±4.7
23 days 0.73±0.01 3.9±0.6* 62.1±0.3 89.8±0.8
2 months 0.77±0.01** 6.6±1.1 63.1±0.5 92.5±1.0**
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dard for any associated experiments. Isoflurane anaesthesia allows
normal neuronal activations to be demonstrated in rat brains,
whereas equithesin suppressed brain activity associated changes in
BOLD signal intensity in response to the sensory stimulation. The
results suggest further investigations into the effects of different
anaesthetics, and possibly drugs, on brain activity, as pharmacolog-
ical fMRI (ph-fMRI) develops.

50
Repeated physiological magnetic resonance imaging (MRI) of
tissue properties during seasonal changes in the songbird
brain
V. Van Meir, T. Toussaint, M. Verhoye, A. Van der Linden;
Biomedical Sciences, University of Antwerp, Antwerp, BELGIUM.

Introduction: Songbirds represent an excellent model to study
adult brain plasticity under natural conditions. Neuronal stem cells
are generated continuously during adult life in the subventricular
zone from where they migrate throughout the telencephalon. Their
incorporation into active neurons has been mainly studied in the
song control system and has been related to several endocrine and
behavioral factors. The present study focuses on the seasonal com-
parison of diffusion- and T2-related physiological changes between
subdivisions of the entire brain relative to the song control system.
Methods: We performed in-vivo MRI of the brain of 18 adult fe-
male starlings during and after the breeding season in March and
July 2003 respectively. This was done on a 7T (MRRS) MRI sys-
tem using multislice (FOV=25; image matrix=256x256; slice
thickness=1mm; n° of slices=16) diffusion-weighted (b-values=0,
286 and 672s/mm²; TE/TR=36/2000 ms) and T2-weighted se-
quences (TE=18, 36 and 50ms; TR=2000) in order to make physio-
logical maps as frequently done for the evaluation of brain damage.
In this case we aimed at evaluating seasonal changes in Apparent
Diffusion Coefficient (ADC) and T2-values, which were interpret-
ed as an indication for respectively changes in the ratio extra- ver-
sus intracellular water and changes in the amount of free water
(provided no haemodynamic changes had occurred).
Results: ADC-values decreased in all subdivisions of telen-
cephalon that include song control nuclei, whereas T2-values re-
mained unaffected. This decrease in ADC was not restricted to the
song control nuclei but was also present in adjacent telencephalic
areas. However, telencephalic subdivisions not including song con-
trol nuclei did not change in ADC. Other than the telencephalon,
none of the major brain structures such as the thalamus, midbrain
or cerebellum showed any change in ADC.
Discussion: The telencephalon of songbirds represents an ideal
model to study brain plasticity with MRI. In this report the ob-
served brain changes occurred in a time span of 3 months under
perfectly natural, healthy conditions, i.e. upon transitions from
breeding to post breeding season. Brain plasticity as defined by
ADC appears to affect whole subdivisions of the telencephalon and
is not mainly restricted to the song control nuclei. The observed de-

crease in ADC very likely indicates an increase in cell density upon
transitions from breeding to post breeding season. These effects are
well known for the song control system but were never shown to
occur throughout the entire telencephalon. These findings might
shed a new light on brain plasticity.
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Regional pharmacokinetic measurements of Lithium in rat
brain by MRSI 
S. Ramaprasad1, E. Ripp1, M. Lyon2; 1Radiology, University of
Nebraska Medical Center, Omaha, NE, 2Biological Sciences,
University of Southern California, Los Angeles, CA; UNITED
STATES.

Introduction: Lithium (Li) distributions in the brain and pharma-
cokinetics have been studied by AA technology (1-3) and more re-
cently by 7Li MR methodology (4). Such studies have the potential
to provide information of relevance to the function of lithium in the
brain. Here we discuss the preliminary lithium pharmacokinetic
studies on brain sub volumes by magnetic resonance spectroscopic
imaging (MRSI) method.
Methods: Male Sprague Dawley rats (N=3) were treated with a
single 10 meq/kg dose of LiCl. Lithium in rat brain was studied
using a 7 tesla Bruker animal imager by spectroscopic imaging (SI)
technique at several time points post Li administration. The param-
eters used in the SI study were: TR=1.2s, FOV=9x9cm, matrix
16x16, 12 averages, slice thickness of 10mm. The SI data were
processed using the Bruker Paravison software. The Li signal in-
tensities in brain voxels were followed over time and used to con-
struct the pharmacokinetic profiles.
Results: A representative anatomical map for assessing lithium SI
data in a rat head is shown in Figure 1. The four voxels were iden-
tified with rat brain anatomical structures using a stereotaxic atlas
(5). The Li MR signal intensities in brain voxels were followed
over time and the pharmacokinetic profiles of Li in four representa-
tive voxels in the brain are shown in Figure 2.
Figure 1. 7Li SI image of rat head after an acute 10meq dose of LiCl
Figure 2. Pharmacokinetic profiles of brain regions 1-4
Discussion: Our study demonstrates for the first time the feasibili-
ty of obtaining lithium pharmacokinetic data from different brain
volumes in a rat model. These preliminary results are similar to
those obtained from AA methodology. The SI method has the com-
bined advantage of demonstrating lithium distribution in the brain
as well as the pharmacokinetics of Li in different brain volumes.
The studies performed at higher resolutions (voxel volume of 81ul
or less), indicate that Li in well defined brain structures can be
monitored over time in a noninvasive manner.
References:
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Pharmacol. 27, 324,1974.
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Early changes in brain water content during focal ischemia
E. L. Barbier, L. Liu, E. Grillon, J. Lebas, C. Rémy; CHU
Michallon - Pav. B., Unité mixte INSERM / UJF 594, Grenoble,
FRANCE.

Introduction: Studies have reported changes in brain tissue T1 in
ischemic models during the first minutes after occlusion of the
middle cerebral artery (MCA). As these T1 changes occur too early
with respect to the development of vasogenic edema, several as-
sumptions have been proposed to explain the observed variations.
The aim of this study was to assess whether these tissue T1 changes
are related to an increase in water content. For this purpose, this
study reports T1 measurements at 7 Tesla and tissue water content
measurements obtained with the gravimetric technique in rats
(n=10), after MCA occlusion.
Material/Methods: A total of 16 adult male Sprague-Dawley rats
(318±15g) were used in this study. Six animals were used to cali-
brate the gravimetric measurement of tissue water content and ten
animals were used for imaging and tissue water measurement. Rats
were tracheostomized and artificially ventilated under isoflurane.
Rectal temperature was maintained at 37.0±0.5°C throughout the
experiment. Focal brain ischemia was induced by occlusion of the
right MCA using the intraluminal suture model. An inversion re-
covery FLASH sequence was used to produce T1 maps one and
two hours after ischemia onset: 22 inversion times between 20 and
9000ms, recovery time= 10s, imaging: TR/TE= 5.7/3.2ms, field of
view= 40mm, matrix= 64x64, slice thickness= 2mm, 2 averages.
Inversion was obtained with a non-selective adiabatic RF pulse to
avoid possible flow contributions to the signal. Immediately after
animal sacrifice, the specific gravity of the tissue was determined

in the layered kerosene-bromobenzene linear columns.
Results: In the ipsilateral cortex, T1 was 2062 ± 60ms at ischemia
onset +1h (contralateral 1811 ± 28ms), 2100 ± 38ms at ischemia
onset +2h (contralateral 1807 ± 18ms), and the water content was
81.07 ± 0.65% at ischemia onset +2h15 (contralateral 79.26 ±
0.50%). The T1 and water content values measured in the contralat-
eral area do not differ from the values obtained from the control an-

imals. A significant T1 increase was observed at ischemia onset
+1h (+14%) and ischemia onset +2h (+16%), together with a sig-
nificant increase in tissue water content (+2.3%). Figure 1 show the
good correlation obtained between 1/T1 and 1/tissue water content
(r²=0.84).
Conclusion: It is suggested that the water content increases during
the first hours of ischemia and that this increase could be due to the
appearance of an osmotic gradient between the ischemic tissue and
blood and/or between the ischemic tissue and the normal surround-
ing tissue.
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MR-thermometry controlled radiofrequency liver ablation
M. K. Ivancevic1, B. Quesson2, A. Roggan3, M. Lepetit-Coiffé4,
S. Terraz1, F. Terrier1, C. D. Becker1; 1Radiology, Geneva
University Hospital, Geneva, SWITZERLAND, 2Research &
Development, Image Guided Therapy SA, Pessac, FRANCE,
3Research & Development, Celon AG, Berlin, GERMANY,
4Laboratory of Molecular and Functional Imaging, University of
Bordeaux 2, Bordeaux, FRANCE.

Purpose/Introduction: Radio-frequency (RF) ablation techniques
are widely used for liver tumor treatment. It has mostly been per-
formed using monopolar RF systems under CT or US guidance in-
stead of MR, due to a simpler procedure and RF-MR
incompatibility. Only lesions with difficult access or visibility
under CT/US are currently treated under MR guidance. However
MR imaging is performed before and after treatment for probe po-
sitioning and control, but not during the treatment. More than sim-
ple guidance, simultaneous MR imaging is of great interest for
MR-thermometry lesion monitoring during ablation. To overcome
the RF-MR incompatibility techniques like intermittent switching
and RF filtering have been developed. In this study we present the
feasibility of MRI temperature control of RF lesion in an ex-vivo
porcine liver model, using an new, mono-probe bipolar ablation
system, with appropriate RF filtering.
Methods: MR imaging and RF ablation were performed on a 1.5T
Intera MR system (Philips Medical Systems, Best, NL) using a
CelonLab Power (Celon AG, Berlin, D) RF generator placed out-
side the MR room, and a bipolar CelonProSurge electrode. Up to 3
such electrodes can be used with this system according to the de-
sired power output and lesion size. The RF filter was designed by
Image Guided Therapy SA to remove RF perturbations induced by
the generator. Typical bipolar RF protocol was applied (20W out-
put power during 7 minutes), with probe internal cooling. MR im-
aging parameters were: 2D FFE sequence, surface coil (12 cm
diameter), water selective excitation, EPI factor 5, TR/TE 260/15
ms, 3x5 mm slices, 85x96 acquisition matrix, 18 cm FOV.
Temperature maps were calculated by proton resonance frequency
(PRF) from the phase images with Thermoguide software (IGT SA,
Pessac, F) on a separate workstation.
Results: Images with no noticeable artifacts were obtained, allow-
ing temperature monitoring. Continuous temperature increase was
observed during RF deposition, and abrupt T° drop can be observed
corresponding to rapid tissue impedance increase due to desicca-
tion and leading to artifacted images. Slow temperature decrease



Figure1: Temperature (A) and thermal dose maps (B) obtained
during RF ablation. Pixels in which thermal dose (B) reached lethal
value are coloured in red.
Discussion/Conclusion: Thermal dose map calculated from real-
time quantitative T° maps is an excellent indicator of RF induced
lesion. It provides a more precise estimate of tissue ablation than
conventional imaging based on T1 and T2 weighted images.

Figure2: Average and standard deviation of differences between
macroscopic lesion size (gold standard) and apparent lesion dimen-
sion measured on T1-w (without and with gadolinium injection
(T1CA)), T2-w images and thermal dose (TD) map.References:

1. Weidensteiner C et al,[2004],Magn Reson Med,50:322-330
2. Sapareto SA et al,[1984],Int J Radiat Oncol Biol

Phys,10:787-800
3. Ishihara Y et al [1995],Magn Reson Med,34:814-823
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A new optical device for online monitoring of necrosis propa-
gation during tissue coagulation 
M. Peller1, R. Sroka2, M. Reiser1; 1Institute for Clinical Radiology,
University of Munich, Muenchen, GERMANY, 2Laser Research
Laboratory, University of Munich, Muenchen, GERMANY.

Purpose/Introduction: MRI techniques to characterize necrosis or
temperature changes are used for monitoring and for further im-
provement of coagulation methods such as the interstitial laser
thermo-therapy (ILTT). Limitations such as susceptibility induced
distortions have to be considered. The purpose of the study was to
investigate a new device for the detection of coagulated tissue dur-
ing MRI.
Material and Methods: The necrosis detector is based on the
measurement of a test light, that is transmitted to the point of inter-
est by an optical fiber (core diameter 400µm). A certain amount of
the test light is back scattered into the fiber. The intensity of the
back scattered light is dependent on the optical properties of the tis-
sue. Temperature induced changes of the tissue optical properties
will therefore result in changes of the signal. In this experiment the
fiber was inserted in turkey muscle phantoms and at a distance of
6mm a temperature probe was placed. Heating was induced by a
temperature controlled 830nm diode laser (max. 10W; 90°C;
15min).

due to heat diffusion was observed after RF application.
Discussion/Conclusion: RF ablation with simultaneous MR imag-
ing and temperature control is feasible, without any modification of
the RF generator. The methodology presented here shows a poten-
tial for better control of RF tissue ablation, and opens possibilities
for optimizing the efficiency of hyperthermia treatment protocols
for wide range of RF ablation systems.
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In vivo radiofrequency thermo ablation of rabbit liver under
real time temperature imaging : Feasibility and precision
M. Lepetit-coiffé1, B. Quesson2, O. Seror1, E. Dumont2, C.
Moonen1, H. Trillaud3; 1Université de Bordeaux2 - ERT CNRS,
Laboratoire Imagerie Moléculaire et Fonctionnelle, Bordeaux,
FRANCE, 2Recherche et développement, Image Guided Therapy
SA, Pessac, FRANCE, 3Radiologie, Hopital Saint André,
Bordeaux, FRANCE.

Purpose/Introduction: Real-time MRI monitoring [1] of tempera-
ture evolution during simultaneous Radiofrequency (RF) ablation
is technically challenging. The aim of this study is to compare le-
sion size estimated from thermal dose [2] calculation (obtained
from real-time MR temperature mapping), T1-and T2-weighted
images with macroscopic lesion size measured by histology.
Subjects and Methods: Seven New Zealand rabbits (3kg) were
anaesthetised and positioned inside the magnet for real-time tem-
perature imaging.120 dynamics of segmented gradient-echo EPI
images (3slices-5mm,TE/TR=16/43,pixel size=1.5x1.4mm,time-
resolution=9s) were acquired during 20 minutes on a 1.5T Intera
Philips scanner to monitor phase contrast changes related to tem-
perature evolution (Proton Resonance Frequency technique [3]).
RF energy was applied simultaneously during 10minutes using a
2.5cm long bipolar coaxial needle and a 80kHz home-made RF
generator filtered with a 63.5MHz LC notch filter. Standard clinical
T1w-TSE (TE/TR=7/525) and T2w-TSE (TE/TR=80/1200) con-
trast images were acquired immediately after RF procedure and 4
and 8 days post-ablation. Rabbits were sacrificed and liver taken
out for histology.
Results: Figure1A displays a transverse magnitude image of rabbit
liver obtained during the RF procedure with T° isolevels superim-
posed in colour. Minor artifacts remained due to residual respirato-
ry motion. Typical temperature precision was about 2°C in the
region of interest. Figure1B presents the thermal dose map calcu-
lated at the same instant (5 minutes RF ablation). Ovoid shape of
lethal dose maps were also observed on T1w-TSE and T2w-TSE
images and on macroscopic slice, but differences appeared between
their apparent dimensions on the different imaging modalities.
Figure2 compares actual lesion size measured by macroscopic in-
spection and apparent lesion dimension estimated from standard T1
and T2-weighted imaging and thermal dose map. Lesion dimen-
sions were systematically more precisely predicted by the thermal
dose map.
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The experiments were performed under control by means of a 1.5
Tesla whole body MR-system. Temperature sensitive parameter
maps were generated by mapping the temperature dependent phase
change (2D-FLASH sequence; TE=30 ms). Post-ILTT T2 and pro-
ton density weighted images were acquired to characterize the po-
sition of the detector probe relative to the coagulated tissue.
Results: The detector clearly detected the onset of coagulation
when the coagulation zone reached the probe. Beside the signal
void no additional MRI artifacts were detected. In the T2- or PD-
weighted image the position of the detector clearly correlated with
the bright rim of the coagulated tissue. This was within the spatial
resolution of the MR-image (1mm in plane and 3mm slice thick-
ness). The coagulation size detected by the detector correlated with
the findings in MRI and visual gross inspection after dissecting the
muscle phantom. The maximum temperature at the detector tip was
55±2°C at the boundary of the coagulation zone.
Discussion/Conclusion: The optical detector supplied online in-
formation on the local changes of optical tissue properties accom-
panying tissue changes during ILTT. The device was tested
successfully using tissue phantoms. No additional artifacts were
observed. The detector can be implanted minimal invasively and
allows online characterization and possibly the evaluation of ther-
mo-therapies. Further experiments to characterize the correlation
of histological, optical and MRI-related tissue properties of coagu-
lated tissue have to be performed.
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RF heating near metallic wires: effects of resistivity, position,
length and flip angle
C. Armenean1, E. Perrin1, O. Beuf1, M. Armenean1, F. Pilleul1,2, H.
Saint-Jalmes1; 1Laboratoire de RMN, CNRS UMR 5012, CPE,
Université Claude Bernard LYON1, Villeurbanne, FRANCE,
2Radiologie Digestive, Hôpital Edouard Herriot, Lyon, FRANCE.

Purpose/Introduction: In the last few years, the interest for using
metallic guide wires and catheters (e.g. nitinol) for interventional
MRI or endoluminal MRI coils (e.g. copper) has considerably
grown. The major issue is to insure patient safety against potential
heating of tissues located in the wire vicinity. In fact, during a MRI
experiment, the radiofrequency B1 magnetic field is accompanied
by an electric field E which induces currents (at the same frequen-
cy) in the metallic wire placed in the tunnel. The wire will enhance
the RF electric field in its close vicinity, and produces a local in-
crease of SAR, leading to a temperature increase of the surrounding
tissues.
Subjects and Methods: Temperature measurements were made in
the close vicinity of the wires. The variable parameters were: flip
excitation angle, position along the wires and wires length.
Diameter of wires was 0.14 mm, and their electrical resistances
were R≈53Ω/m (nitinol) and R≈53Ω/m (copper). They were placed
close to the wall tunnel (fig. 1) of a 1.5 T MR Symphony system
(Siemens, Germany). To assess the local concentration of E-field,
the temperature was measured in small pieces of agar-agar gel
placed around the wire. The temperature was measured with an op-
tical fiber system (Luxtron Corporation, USA). The sensor was
mounted adjacent to the wire with Teflon rubber. A 60s True-Fisp
sequence (TR/TE=4.93/2.46ms) was used to produce RF excita-
tion.
Results: Fig 2 shows that the temperature increases with the exci-
tation angle. The temperature variation as a function of position
along the guide for both resistive and conductive -length wires is
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given in Fig 3. The temperature variation shape for the resistive
wire shows more minima and maxima than for conductive case.
The measured temperature elevations, in function of wire length,
are shown in Fig 4. The temperature variation has two maxima and
a minimum. The maxima and the minimum have been obtained for
almost the same wire lengths.
Discussion/Conclusion: The conductive case is more favorable by

producing less heating. The supplementary minima and maxima
observed in the conductive wire case are given by a combination
between SAR and Joule effect. The local concentration of the E
field producing SAR around the wire is dominant for conductive
wires, whereas for resistive wires the Joule effect increases the
heating and changes the shape of temperature variation along the
wire.
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Optically coupled op-amp transmit micro-coils for interven-
tional tracking
G. Scott1, W. Overall1, M. McConnell2, J. Pauly1; 1Electrical
Engineering, Stanford University, Stanford, CA, 2Cardiology,
Stanford University, Stanford, CA, UNITED STATES.

Introduction: Micro-receive coils have been a common approach
for catheter visualization in interventional MRI. However, the dual
of this, namely micro-transmit coils, have received little attention
due to the limitations of clinical scanners to support multiple trans-
mit channels. Here, we report the feasibility of micro-transmit coils
powered by a battery-powered optically isolated op-amp for visual-
ization under pulse sequence control.
Methods: We have prototyped an optically coupled transmit chan-
nel for use with the sampled (small signal) RF output of a GE 1.5T
Signa scanner. The signal is amplified by a OPA843 high speed op
amp that drives a high speed red LED to create an amplitude mod-
ulated 64 MHz light signal. A second LED converts the RF gating
signal to light. The RF and gate channels are coupled via two 10
meter optical fiber cables to the optical receiver in the scanner. The
optical receiver is composed of a photodiode, and two OPA847
high speed op amps, as well as a logic optical receiver to gate the
RF on and off. In our first test, the output drives a twin lead style
micro-coil. For feasibility tests, we used a gradient recalled echo
sequence using only the op-amp micro-coil for excitation.
Results: The figure shows the optical receiver printed circuit board
with the fiber optic receivers-one for gating, the other for the RF
signal. The twin lead coil is also attached. At maximum input signal
amplitude, we could generate a 2 Vpp output signal at 64MHz with
our op amp into 50 ohms. This easily can drive 40mA into a micro-
coil which is sufficient for local excitation. In our first tests, we
have a very local excitation zone around the micro-coil. The signal
was received by a 5 inch surface coil.
Discussion & Conclusions: We have demonstrated that a battery
powered op-amp has sufficient power to drive a catheter based
micro-coil as a local transmit coil. Furthermore, the signal can be
optically coupled for RF safety. By acting as a transmit coil, we can
tolerate higher resistance coupling to the coils which has advan-
tages in reducing antenna currents. Futhermore pulse sequence
control opens up the possibility of phase tagging and adiabatic
pulse use for manipulating the excitation volume. The ability to
control this micro-transmit coil under pulse sequence control holds
enormous potential for visualization in MRI interventions.
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Catheter tracking and visualization using 19F nuclear magnetic
resonance 
S. Kozerke1, S. Hegde2, R. Razavi2, D. L. Hill2; 1Institute for
Biomedical Engineering, University and ETH Zurich, Zurich,
SWITZERLAND, 2Division of Imaging Sciences, Guy's Hospital,
King's College London, London, UNITED KINGDOM.

Introduction: It has recently been shown that MRI guided cardiac
catheterisation is possible in patients using passive visualization
[1]. Automatic detection of the catheter tip or visualization of the
entire length was, however, not possible. Several active and semi-
active catheter localization techniques have been proposed to ad-
dress these issues [2-4], but safety concerns or mechanical
compromises have so far excluded in-vivo application.
In this work, we propose catheter tracking and visualization using
perfluorocarbons in a standard angiographic catheter. Two modes
of operation are demonstrated: a) tracking mode, during which the
tip is automatically localised in real-time and, b) length visualiza-
tion mode in which the entire length of the catheter can be seen.
Methods: A 7F balloon catheter was filled with the blood substi-
tute perfluorooctylbromide (PFOB). The spectrum of PFOB is
shown in Figure 1. Given the large chemical shift range, only reso-
nances between 4.5 and -4.5 ppm were employed for 19F imaging
by using limited bandwidth excitation of 2 kHz.
Tip tracking: The real-time interactive environment of a 1.5T
Philips Intera system was modified such that interleaved projec-
tions were acquired on the 19F channel. Using a projection based
peak search algorithm, the coordinates of the catheter tip were ex-
tracted and a cross was overlaid onto 1H SSFP images in real-time.
Parameters were as follows: FOV: 350x350 mm2, slice thickness:
50 mm, matrix: 128x96, TE/TR: 1.2/2.4 ms.
Catheter length visualization: To allow visualization of the catheter
length, non real-time 19F SSFP imaging was employed with follow-
ing settings: FOV: 210x165 mm2, slice thickness: 20 mm, matrix:
192x192, TE/TR: 2.4/4.8 ms. Scan duration was between 0.5-2 sec.
using 1-4 signal averages, respectively.
Results: Figure 2 displays two out of the three orthogonal 19F pro-
jections used to determine the position of the catheter tip. Reliable
tip tracking was achieved for a variety of catheter configurations.
The ability of visualizing both the tip and the length of the catheter
is illustrated in Figure 3.
Discussion: The lack of availability of safe and MR visible
catheters is one of the main obstacles to widespread clinical use of
MR guided catheterisation. It is necessary for these devices to be
safe in terms of their mechanical stability, biocompatibility and
their heating effects. It is highly desirable to be able to visualize
both the tip and the length of a catheter. This work has shown that a
standard angiographic catheter can be simply modified to meet all
these requirements.

[1] Razavi R, et al., Lancet 2003;362:1877-1882
[2] Wildermuth S, et al., Radiology 1997;202:578-583.
[3] Ocali O, et al., Magn Reson Med 1997;37:112-118.
[4] Eggers H, et al., Magn Reson Med 2003;48:1163-1174.
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Image overlay of fast MRI acquisitions onto a roadmap for de-
vice tracking for intra-arterial endovascular interventions in a
phantom
R. Mekle1, O. Bieri1, D. Bilecen2, K. Scheffler1; 1MR-Physics,
Department of Medical Radiology, University of Basel, Basel,
SWITZERLAND, 2Department of Medical Radiology, University of
Basel/University Hospital, Basel, SWITZERLAND.

Purpose/Introduction: The purpose of this study was to overlay
images obtained with fast MRI scans onto a previously acquired
roadmap for the passive visualization of a guidewire/balloon
catheter for intra-arterial MR-guided endovascular interventions.
Subjects and Methods: All scans were performed on a SIEMENS
Sonata scanner at B0=1.5 Tesla. A magnetization prepared FISP se-
quence was used to acquire 2D data for the roadmap after the intra-
arterial injection of Gadolinium containing contrast agent. Scan
parameters were: TR/TE=3.0/1.5, flip angle α=40°, inversion pulse
with β =180°, matrix=224x256, square FOV=330 mm, slice thick-
ness=40 mm, and TscanTime=680 ms/frame. The first 5 images
were averaged to generate a mask, and subsequent time frames
were complex subtracted from this mask. All complex subtracted
images were added up to create a roadmap of the vasculature.
To localize an interventional device, data for one slice was rapidly
acquired using a balanced steady-state free precession (b-SSFP) se-
quence with the following scan parameters: TR/TE=3.69/1.85, ß
=70°, matrix=256x1256, square FOV=330 mm, and slice thick-
ness=10 mm. Resulting images were overlaid onto the roadmap as
part of the online image reconstruction process. Options for image
overlay included addition, subtraction, or multiplication of scaled
image data to attain different contrasts between the device and its
surrounding vessel.
All image processing procedures were integrated into the image re-
construction software of the scanner to allow a near real-time up-
date of the display. The entire procedure was performed in a
phantom study. A single high-grade stenosis was modeled in the
phantom to allow balloon angioplasty.
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Results: Preliminary results indicated a sufficient contrast between
the tip of the passive guidewire and the roadmap after image over-
lay. A near real-time guidance of the tip of the guidewire was feasi-
ble. Inflation and deflation of a conventional balloon catheter was
also monitored at the level of the stenosis.
Discussion/Conclusion: The information from fast b-SSFP acqui-
sitions was successfully overlaid onto a roadmap to visualize the
tip of a guidewire in phantom studies. Currently, no suitable
guidewire is available for the use in MR-guided interventions in
humans. However, this work resembles an important step towards
the realization of intra-arterial endovascular interventions in hu-
mans solely using MR imaging.
References:

[1] C. Bos, C. J. Bakker, et al., "Background suppression using
magnetization preparation for contrast-enhanced MR projec-
tion angiography," MRM, vol. 46, 2001.

[2] A. Oppelt, R. Graumann, et al., "FISP-a new fast MRI se-
quence," Electromedica, vol. 54, 1986.

60
Phantom study of the lethal hazards involving ferromagnetic
objects in the magnetic field of a clinical MR scanner
G. Starck1,2, B. Vikhoff-Baaz1,2, K. Lagerstrand1,2, E. Forssell-
Aronsson2,1, S. Ekholm3; 1Medical Physics and Biomedical
Engineering, Sahlgrenska University Hospital, Göteborg,
SWEDEN, 2Radiation Physics, Göteborg University, Göteborg,
SWEDEN, 3Radiology, University of Rochester, Rochester, NY,
UNITED STATES.

Purpose/Introduction: Unfortunately it does occur in clinical
practise that ferromagnetic objects are brought into the MR scanner
room. It may be a wheelchair or a hospital bed which is brought
into the scanner room to spare the staff (and the patient) a few extra
steps. Even worse, such occurrences may become inadvertent ten-
dencies towards a de facto routine, neglecting the hazards in the
magnetic field. When an old MR scanner was going to be replaced
it provided an opportunity to demonstrate a number of Don�ts with
regard to the magnetic field, involving potential damages to staff,
patients and the system.
Subjects and Methods: MR system: 1.5 T passively shielded (iron
dome) whole body magnet.
Subjects: Watermelons (Citrullus vulgaris), simulating staff and
patients.
Ferromagnetic objects: a pair of scissors, a knife, universal pliers,
an oxygen bottle, a wheelchair and a hospital bed.
A number of unadvisable and incongruous episodes were per-
formed and recorded on digital video.
Results: Video clips were produced demonstrating the violent dy-
namics of ferromagnetic objects in the magnetic field. The impacts
caused sticking, squashing and crushing injuries to the subjects (in
the roles of both staff and patient). The pair of scissors, the knife
and the universal pliers were easily removed from the magnet
while removing the wheelchair and the hospital bed required the ef-
fort of more than one person. The oxygen bottle, however, was
stuck in the magnet resisting all attempts to remove it. Damages on
the system included the front of the magnet, a head coil and items
in the magnet bore.
Discussion/Conclusion: A striking demonstration of the hazards
with ferromagnetic objects in the magnetic field was produced
using watermelons and a crapped, but still operational equipment.
It was made possible at virtually no cost in the last hours of service
of an old MR-system. Despite the qualitative concept the demon-
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stration has suggestive and imprinting qualities. Watermelons with
their red watery flesh inside a semi hard shell added some realism
when simulating staff and patients. The purpose of this study was to
increase safety awareness when working with MR. Safety regula-
tions must be complied with, that goes without saying.
Nevertheless, practical (video) demonstrations may help impress
respect for the hazards of ferromagnetic objects in the magnetic
field and for the necessity of complying with safety rules.
Acknowledgements: Swedish Medical Research Council (14039)
and the Lundberg Foundation.
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Impact of in vivo measured cerebral glutamate on human be-
havior: The Sensation Seeking personality trait 
J. Gallinat1, M. Bajbouj1, F. Seifert2, H. Rinneberg2, F. Schubert2;
1Department of Psychiatry, Charite Universitätsmedizin, Berlin,
GERMANY, 2Laboratory for Biomedical Optics and NMR-
Measuring Techniques, Physikalisch-Technische Bundesanstalt,
Berlin, GERMANY.

Introduction: A growing literature suggests that human personali-
ty traits are based on individual differences in brain functions. Most
major current models of personality include the dimension of intro-
version/extraversion, or novelty seeking at a fundamental level.
Animal investigations indicate that glutamatergic neurotransmis-
sion and stress hormones play a role in novelty induced explorato-
ry behavior. In humans, brain imaging studies reported evidence
for the involvement of the anterior cingulate cortex (ACC) in per-
sonality traits like novelty seeking 1. Therefore, it is hypothezised
that the glutamate concentration in the ACC of healthy subjects is
related to this behavioral trait.
Subjects and Methods: The Sensation Seeking Scale (form V), re-
flecting a tendency toward exploratory excitability in response to
novelty, and impulsiveness has been applied to 39 healthy subjects.

PRESS-based measurement of glutamate was performed with sin-
gle voxel technique (ACC and left hippocampus) in a 3 tesla MR
scanner. Absolute glutamate concentrations were determined by a
time domain-frequency domain method involving prior knowledge
obtained from phantom spectra. Concentrations were corrected by
individual cerebrospinal fluid fractions 2.
Results: Significant negative correlations (controlled for age) be-
tween glutamate levels in the ACC and the Sensation Seeking Sum
score (SSS: r=-0.405, p=0.012; Figure), as well as the subscales
thrill and adventure seeking (r=-0.327, p=0.045), and experience
seeking (r=-0.435, p=0.006) were observed. The subscales bore-
dom susceptibility or disinhibition did not correlate significantly
with glutamate (p>0.05). A significant negative correlation was ob-
served also for the hippocampal glutamate concentration and the
SSS (r=-0.330, p=0.046).
Discussion: For the first time, significant correlations between ab-
solute cerebral glutamate concentrations and behavioral traits in
humans have been reported. These observations are in line with the
function of the ACC in mediation of motivated behavior, executive
processes, and social interaction 3. Studies on behavioral effects of
cerebral glutamate are important in psychiatric research and may
help to develop new agents for psychiatric pharmacotherapy.
1. Sugiura, M. et al. Correlation between human personality and
neural activity in cerebral cortex. Neuroimage 11, 541-546 (2000).
2. Schubert, F., Gallinat, J., Seifert, F. & Rinneberg, H. Glutamate
concentrations in human brain using single voxel proton magnetic
resonance spectroscopy at 3 Tesla. Neuroimage 21, 1762-1771
(2004).
3. Gallinat, J. et al. Frontal and temporal dysfunction of auditory
stimulus processing in schizophrenia. Neuroimage 17, 110-127
(2002).

62
Apparent glutamate neurotransmitter rate is reduced in schiz-
ophrenic humans: A 1-13C glucose MRS study
K. Harris, A. P. Lin, P. Bhattacharya, B. D. Ross; Clinical MR
Unit, Huntington Medical Research Institutes, Pasadena, CA,
UNITED STATES.

Purpose: Schizophrenia, a serious life-long neuropsychiatric dis-
order with a prevalence of 1.1% world wide, has no known etiolo-
gy or cure. Many drugs improve �positive� symptoms in
schizophrenia through action on dopaminergic neurotransmitter
systems, but are not as efficacious in controlling �negative� symp-
toms. Recent hypotheses implicate the NMDA glutamate receptor
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in the �negative� symptoms of schizophrenia. 1-13C MRS provides
non-invasive access to several potentially important neurochemical
processes, including Krebs cycle, NAA-synthesis and glutamine-
glutamate cycling rates in vivo. Because glutamate-glutamine
cycle has been equated with the glutamate neurotransmission.. We
hypothesized that 1) reduction in the apparent glutamate neuro-
transmitter rate occurs in schizophrenic brain, in vivo and that 2)
changes would persist in both the treated and untreated patients.
Subjects and Methods: 1-13C glucose was infused in 7 schizo-
phrenics and 7 age-matched controls before performing proton de-
coupled 13C MRS on a routine clinical 1.5Tesla MR scanner. A
�SNAPSHOT� modification of Protocol B of Moreno et al. permit-
ted acquisition of natural abundance and 13C-enriched MR spectra
within 15 minutes, a time which was well-tolerated by these diffi-
cult patients. Data was processed to determine fractional enrich-
ment of glucose, glutamate, glutamine, aspartate and bicarbonate
80- 100 minutes after intravenous glucose.
Patients were moderately severe schizophrenics (DSM-IV; SANS
+ SAPS = 85 +/-5); 4/7 were medicated with atypical neuroleptics;
1/7 with typical neuroleptics; 2/7 were drug naïve, untreated at the
time of MRS.
Results: Figure 1. demonstrates 20 - 26% reduction in enrichment
of glutamate C2, C4 and glutamine C2 in a single schizophrenic.
Metabolite fractional enrichments remained stable over the 20 min-
utes of 13C data acquisition. Statistically significant differenced
between patients and controls are indicated in Figure 2. The impact
of schizophrenia on glutamate C2 in drug naïve (N=2) was slightly,
but not significantly greater than in treated patients (N=5) (not
shown).
Discussion/Conclusions: The demonstration of reduced Glu2,
Glu4 and Gln2 enrichment with normal HCO3 suggests a distur-
bance of glutamate neurotransmission without reduction in the rate
of glucose oxidation. In this, schizophrenia differs from
Alzheimer�s Disease (neuronal), hepatic encephalopathy (glial)
and mitochondrial encephalopathy (energetic), brain disorders in
which abnormal glutamate 13C MRS have been observed. We sug-
gest that in schizophrenia, a coordinated abnormality of neuronal
and glial glutamate metabolism or transport may explain these
novel findings.
Acknowledgements: NARSAD; RSRI for funding.
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Longitudinal voxel-based and tensor-based morphometry in
first-episode schizophrenic patients under atypical anti-
psychotics
W. Weber-Fahr, S. Brassen, D. F. Braus; NeuroImage Nord,
Department of Psychiatry, University of Hamburg, Hamburg,
GERMANY.

Introduction: There is a present debate whether brain abnormali-
ties found in schizophrenia precede clinical presentation, or if they
are progressive and perhaps attenuated by antipsychotic treatment.
Existing longitudinal imaging studies have produced mixed find-
ings probably due to the heterogeneity of samples and treatment as
well as through different methodological approaches. For the pres-
ent study we compared brain volumes in well-defined schizo-
phrenic patients before and under antipsychotic treatment to
healthy controls using two different types of analyses: Voxel-based
morphometry (VBM) which is sensitive to small changes in gray
matter concentration, and tensor-based morphometry (TBM) which
detects volume changes on a mesoscopic scale.
Methods: We studied a group of ten first-episode neuroleptic naïve
schizophrenic patients (paranoid subtype) before and after 16.0
months of olanzapine treatment with MRI as well as a ten age- and
sex-matched healthy controls. Anatomical 3-D T1-weighted high
resolution images were acquired (1.5T). For VBM data were trans-
formed (affine) to Talairach space and segmented (SPM02). New
template and a-priori images - one for each subject - were created.
The original data was normalised nonlinearly to these templates
and segmented using the new a-priori images. The partitioned im-
ages for grey matter (GM), white matter (WM) and CSF were
smoothed and analysed voxelwise applying ANOVA for repeated
measurement including factor group. For TBM, after affine nor-
malisation, each subjects second dataset was normalised to the first
using a highly nonlinear warping algorithm. The resulting vector-
fields were extracted and Jacobian images computed which were
smoothed and tested voxelwise.
Results: No volume change was observed for the healthy control
subjects with either method. With VBM significant (p<0.05 FDR-
corrected) reduction of cortical GM concentration was found most
pronounced in the frontal cortex and to a lesser extend in parietal
and inferior temporal regions and the cerebellar vermis. No
changes were found for WM and CSF. TBM showed comparable
volume reductions but also reduced volume in the inferior temporal
and the fusiform gyri and in large areas of the cerebellum as well as
a ventricular enlargement.
Conclusion: We found a progressive volume reduction of cortical
GM in FE schizophrenic patients under atypical antipsychotics.
VBM and TBM are both highly sensitive methods for detecting
longitudinal variations in brain composition. Whole brain composi-
tion measurement showed no significant differences. But since
both methods focus on different kinds of structural variations they
produce partly unequal results. This emphasises the necessity for
using different methodological approaches to receive comprehen-
sive results.
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Spectroscopy study of schizophrenic male patients with and
without auditory hallucinations
B. Martínez-Granados1, M. C. Martínez-Bisbal1, L. Martí-
Bonmatí2, C. Esteban3, D. Moratal-Pérez4, J. Sanjuan3, B. Celda1;
1Department of Physical Chemistry, University of Valencia,
Burjassot, Valencia, SPAIN, 2Servicio de Radiología, Hospital
Universitario Dr. Peset, Valencia, SPAIN, 3Departamento de
Psiquiatría, Hospital Clínico Universitario, University of
Valencia, Valencia, SPAIN, 4Departamento de Ingeniería
Electrónica, Universitat Politécnica, University of Valencia,
Valencia, SPAIN.

Purpose: The aim of this work is to correlate biochemical alter-
ations in different brain locations (hippocampus and basal ganglia)
in chronic schizophrenic male adult patients with and without audi-
tory hallucinations.
Subjects and Methods: MR spectroscopy studies (1.5 T clinical
MRI unit, Philips Gyroscan Intera, The Netherlands) were per-
formed in 21 schizophrenic male patients (17 hallucinators, chron-
ic and episodic, and 4 not hallucinators, mean age of 42 years) and
2 control subjects. A single volume 1H magnetic resonance spec-
troscopy (1H MRS) (25x18x18 mm, TR 2000 ms, TE 31 ms; 256
measurements, 1024 samples to improve the study of Glu and Gln)
was located in the left hippocampus. Moreover, a 1H MRS imaging
(1H MRSI) with 2 transversal slices (TR 2700 ms, TE 272 ms, with
a region of interest of 110x100x23 mm) was localized including the
basal ganglia and hippocampus. All spectra were transformed and
analyzed with jMRUI and SIView (Spain) programs. Relative val-
ues of N-acetylaspartate (NAA), Creatine (Cr), Choline (Cho), and
Glutamate and Glutamine levels in the left hippocampus were com-
pared among groups in each region. The homogeneity of the mag-
netic field was verified by means of the width of the H2O signal in
a nonsuppressed solvent sequence.

Fig. 1: Localization of 1H MRSI (A) an VOI (B).
Results: The average width of H2O signal was 6.12 Hz. In the left
hippocampus and in both groups of patients, NAA and mI de-
creased whereas Glu (2.34 ppm) and Glx (2.12 ppm) increased
with respect to controls. An increment in Gln (2.45 ppm) was ob-
served, lower in the no hallucinators group. In the 1H MRSI a bila-
terisation with decrease of neuronal viability in right basal ganglia
was found.
Discussion/Conclusion:Recent studies suggest that alterations in
the Glutamate neurotransmisor might have an important role in the
schizophrenia. MR spectroscopy showed differences between con-
trol subjects and schizophrenic patients, and between schizo-
phrenic patients with and without auditory hallucinations.

Fig.2. 1H MRSI, 110x100x23mm, TE272 ms, in no hallucination
patient.

65
Rates of brain atrophy on MRI over 5 years in older depressed
subjects
M. J. Firbank1, J. T. O'Brien1, P. T. English2, I. N. Ferrier3;
1Institute for Ageing and Health, Newcastle University, Newcastle
upon Tyne, UNITED KINGDOM, 2Radiology, Newcastle General
Hospital, Newcastle upon Tyne, UNITED KINGDOM, 3Neurology,
Neurobiology and Psychiatry, Newcastle University, Newcastle
upon Tyne, UNITED KINGDOM.

Introduction: Depression in older people is associated with a poor
performance on cognitive tests. These cognitive impairments often
persist even after the depression has remitted. Depression is also
associated with an increased risk of dementia. We have previously
demonstrated with volumetric MRI that people with dementia have
brain atrophy rates of 1-2 % per year, compared with 0.5 % for
healthy individuals. The aim of this study was to examine rates of
brain atrophy in older subjects with and without depression.
Subjects and Methods: We recruited 14 subjects with DSM-IV
major depression at baseline (age 73 ± 8) and 19 healthy control
subjects (age 73 ± 7).
Rates of whole brain atrophy, frontal lobe atrophy and temporal
lobe atrophy were measured from two co-registered MRI T1
weighted scans taken 5 years apart, using the brain-CSF boundary
shift method. Cognitive performance was assessed at baseline, and
again at 5 years using the Cambridge Examination for Mental
Disorders of the Elderly (CAMCOG) test
Results: There was no significant difference between groups in ei-
ther rates of whole brain atrophy (control mean ± SD: 0.41 ±
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0.25%/year, depressed 0.52 ± 0.35%), frontal atrophy (control 0.66
± 0.33%/year, depressed 0.75 ± 0.48%) or temporal lobe atrophy
(control 0.48 ± 0.34 % / year, depressed 0.66 ± 0.80 %/year).
Although the group with depression had a lower CAMCOG score
at baseline (91 ± 8 in depressed vs. 97 ± 5 in control p = 0.02), nei-
ther the control or the depressed group showed a significant de-
crease in CAMCOG score over the period (change in CAMCOG
per year: control = -0.008 ± 1.2, p = 0.9; depressed -1.19 ± 3.2, p =
0.19). There were no significant correlations between degree or du-
ration of depression and atrophy rates in the depressed group.
Discussion: Over the relatively long period of 5 years, we did not
find evidence of greater brain atrophy, or of cognitive decline in the
group with depression. This suggests that the cognitive impair-
ments in the depressed group are not due to ongoing atrophy. Since
the whole brain atrophy rates are in the normal range, and lower
than we have previously seen in dementia, our data suggests that
depression is not a prodrome of dementia in the majority of cases,
and implies that other mechanisms underpin continued cognitive
deficits in depression.

66
Sexual dismorphism in volumetry of hippocampus
M. A. Bertoni1,2, N. Sclavi1; 
1Radiology, La Sagrada Familia, Bahia Blanca, ARGENTINA,
2Radiology, Calderdale and Huddersfield NHS Trust,
Huddersfield, UNITED KINGDOM.

Purpose: To assess normal volumetric values for the hippocampus
related to sex and age and also differences between sexes.
Methods: 109 patients with no history of seizures and normal elec-
troencephalogram were examined with a standardized MR protocol
including 3D acquisitions from which reformatted images at the
longest head-tail axis of hippocampi were obtained. Contours of
each hippocampus were traced manually and volume calculations
were tabulated and analyzed with a forward stepwise multiple re-
gression technique considering sex and age as independent and hip-
pocampal volume as dependent variable for both males and
females. Dilatations of ventricular system, congenital anomalies,
disorders of neuronal migration, mass effect and atrophy were
ruled out. All 109 clinical records were checked after a period of 5
years to rule out neurological and/or psychological disorders diag-
nosed subsequently to the moment at which the MRIs were ob-
tained.
Results: In the multiple regression analyses the following values
were obtained: R=0.9335, R2=0.8716; adjusted R2=0.8704;
F(2,215)=729.749; p>0.000001.
Variances were similar for both sexes [FI

(102,112)=0.798971<1.63]
while beta values were different in males than in females
[tII(214)=3.8459>1.980] obtaining, then a different equation for
each sex.
Conclusion: Sex and age in our series appear to be related to the
volume of hippocampus. Different regression parameters were
found in male and female subjects when related to age.
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Accurate differentiation of focal nodular hyperplasia from he-
patic adenoma and liver adenomatosis with gadobenate
dimeglumine (Gd-BOPTA)
L. Grazioli1, G. Morana2, M. A. Kirchin3, G. Schneider4; 1II
Servizio di Radiologia, Ospedali Civili, Brescia, ITALY,
2Risonanza Magnetica, Policlinico Borgo Roma, Verona, ITALY,
3WWMA / Medical Communication, Bracco SpA, Milan, ITALY,
4Abt. Für Radio-Diagnostik, Universitätskliniken, Homburg, GER-
MANY.

Background/Purpose: Focal nodular hyperplasia (FNH) and he-
patic adenoma (HA) are benign liver lesions. However, while FNH
usually does not require therapeutic intervention, patients with HA
are frequently referred for surgery. The study was performed to
compare the differential diagnosis of FNH and HA with on MR im-
aging enhanced with gadobenate dimeglumine (Gd-BOPTA,
MultiHance; Bracco Imaging SpA, Milan, Italy), a contrast agent
with high T1 relaxivity (r1=9.7 mM-1s-1) and a dual route of elim-
ination.
Methods and Materials: Seventy-three patients with FNH, 28 pa-
tients with HA and 8 patients with liver adenomatosis (LA) were
evaluated. MRI was performed at 1.5T before and after the intra-
venous bolus (≥ 2 ml/sec) injection of 0.1 mmol/kg Gd-BOPTA.
T2wTSE (TR/TE=3900-4100/90-108ms) and T1wGRE images
(TR/TE/FA=110-140/4.8ms/80°) were acquired pre-contrast fol-
lowed by repetition of the T1wGRE sequence during the arterial,
portal-venous and equilibrium phases after the injection of Gd-
BOPTA. Finally, T1wGRE images were acquired during the de-
layed phase at 1-3 h post-injection. A total of 128 FNH, 32 HA and
75 LA were evaluated. Lesions were characterized according to the
enhancement behavior (homogenous or heterogenous hypointense,
isointense, or hyperintense appearance relative to normal liver
parenchyma) during the different phases of contrast enhancement.
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Results: Unenhanced T2wTSE and T1wGRE images were unable
to differentiate FNH from HA/LA (>75% of all lesion types hyper-
or isointense on T2wTSE images and hypo- or isointense on
T1wGRE images). Similarly, 100% of FNH and 96.3% of all
HA/LA were either homogenously (FNH:122/128 lesions; HA/LA:
90/107 lesions) or heterogenously hyperintense to the normal
parenchyma on post-contrast arterial phase images, with rapid con-
trast agent washout on subsequent portal-venous and equilibrium
phase images. However, on delayed phase images 124/128 (96.9%)
FNH were either hyper- or isointense while 107/107 (100%) of
HA/LA were hypointense. The sensitivity, specificity, PPV, NPV
and overall accuracy for the differentiation of FNH from HA/LA
was 96.9%, 100%, 100%, 96.4% and 98.3%, respectively.
Discussion/Conclusion: Accurate differentiation of FNH from HA
and LA is possible on delayed T1wGRE images after Gd-BOPTA.
FNH appear hyper- or isointense because the malformed biliary
system in these lesions results in a slowing of the hepatobiliary
elimination of Gd-BOPTA relative to that from normal hepato-
cytes. HA/LA appear hypointense because the absence of bile ducts
results in altered hepatobiliary metabolism in which uptake of Gd-
BOPTA is reduced or prevented. Reliable differentiation of these
lesions is not possible with conventional gadolinium contrast
agents because of the purely extracellular distribution of these
agents.

68
Improved tumor detection on SPIO-enhanced MRI of the liver
with weak diffusion sequences
Y. Kawamura1, N. Takahashi2, H. Ito1; 1Radiology, University of
Fukui, Fukui, JAPAN, 2Radiology, Fukui Kosei Hospital, Fukui,
JAPAN.

Purpose/Introduction: SPIO-enhanced MRI has been approved to
be useful for detecting liver tumors. However, to distinguish small
tumors from vessels in section is often difficult since both appear
�bright dots� on the dark liver. To resolve this problem, we applied
diffusion-weighted images (DWIs) with low b-value on SPIO-en-
hanced MRI of the liver.
Subjects and Methods: Twenty-two patients with known liver le-
sions (nine patients with liver cysts, five with liver metastases, five
with hemangiomas and three with hepatocellular carcinomas) were
enrolled. MRI was performed on 1.5-T System (Phillips Gyroscan
Intera). T1 weighed spin echo images (T1-WI; TR=202-230,
TE=4.9 in-phase images and TE=2.3 for out-of-phase images), T2
weighted turbo spin echo images (T2-WI; TR=1300-2300, TE-70-
80) were obtained before intravenous injection of 8 micromole
Fe/kg of ferucarbotran (Nihon Schering). Post-contrast T2 weight-
ed images, single-shot EPI DWI (TR=2150-2365, TEd=44) and
multi-shot EPI DWI (TR=817-1021, TEd=39) were obtained with
parallel imaging technique (SENSE). B-value of fifteen was cho-
sen for these weak DWIs. On pre- and post-contrast T2-WIs, sin-
gle-shot and multi-shot EPI-DWIs, the image interpretation were
done with diagnoses and imaging sequences blinded. Diagnoses
were confirmed either pathologically (three patients) or by clinical
follow-up with angiography, CT and abdominal ultrasound exami-
nation as well as tumor marker tests such as AFP and CEA.
Results: Total forty-seven nodules (twenty-three cysts, eleven
metastases, seven hemangiomas and six HCC) were disclosed on
this study. All lesions larger than 10 mm in diameter (five cysts,
four metastases, four hemangiomas and three HCC) were visual-
ized on post-contrast T2-WI and multi-shot EPI, however, one
HCC and one metastasis were missed on pre-contrast T2 WI. One

cyst and one metastasis located near the top of the liver were diffi-
cult to pick up on single-shot EPI due to image distortion which
were demonstrated on multi-shot EPI, For 31 lesions (<10mm),
pre- and post-contrast T2-Wis, single-shot and multi-shot EPIs
showed 22, 26, 22, 23 lesions, respectively. False-positive results
were counted as four on pre-contrast T2-WI and eight on post-con-
trast T2-WI. There was no false-positive call on the both EPI im-
ages.
Discussion/Conclusion: Our results indicated that applying addi-
tional diffusion weighted images after SPIO administration could
be useful in detecting small liver tumors. Including large number of
cysts and the poor image quality of abdominal EPI, especially with
single-shot, resulted in relatively poor sensitivity in this study,
however, more tumor cases and the use of SENSE might improve
the clinical utility on SPIO-enhanced MRI of the liver.

69
Early biliary complications of laparoscopic cholecystectomy:
Evaluation with T2-weighted MR cholangiography in conjunc-
tion with Mangafodipir Trisodium-enhanced 3D T1-weighted
MR cholangiography - Preliminary study1. 
M. Park, K. Kim, J. Yu; Diagnostic Radiology, YongDong
Severance Hospital, Seoul, REPUBLIC OF KOREA.

Purpose: To assess preliminary experience with combined conven-
tional T2-weighted and Mn-enhanced T1-weighted MR cholan-
giography in evaluating early biliary complications of laparoscopic
cholecystectomy.
Materials and Methods: Conventional heavily T2-weighted MR
cholangiography with manganese-enhanced T1-weighted MR
cholangiography and endoscopic retrograde cholangiopancreatog-
raphy (ERCP) were performed in seven patients with high clinical
suspicion of biliary complications after laparoscopic cholecystecto-
my. The final diagnoses of complications were classified according
to the presence and degree of the bile duct injury, bile leakage, and
retained stones.
Results: The diagnoses on MR cholangiography were as follows:
a) complete transection and occlusion of the common bile duct
(CBD) with bile leakage (n=3); b) partial strictures of the CBD
with bile leakage (n=1); c) cystic duct leakage (n=1); d) partial lig-
ation of aberrant right hepatic duct (n=1), and hemorrhage without
biliary complication (n=1).
The final diagnoses on surgery (n=2) and ERCP (n=5) were as fol-
lows: a) complete transection and occlusion of the CBD with bile
leakage (n=2); b) partial strictures of the CBD with bile leakage
(n=2); c) cystic duct leakage (n=1); d) partial ligation of aberrant
right hepatic duct (n=1), and hemorrhage without biliary complica-
tion (n=1). MR cholangiography accurately yielded the same find-
ings as the final diagnoses, except one case with partial stricture of
the bile duct with bile leakage (over-diagnosed as complete occlu-
sion on MR cholangiography).
Conclusion: Combined conventional T2-weighted and Mn-en-
hanced T1-weighted MR cholangiography may eliminate other
studies for the imaging of postcholecystectomy biliary complica-
tions, once this preliminary data can be verified in a larger data.
Radiologic and Clinical Results of Biliary Complications of
Laparoscopic Cholecystectomy
Table. Radiologic and Clinical Results of Biliary Complications
of Laparoscopic Cholecystectomy
Findings at MR Cholagniography
No./Age/ Findings at T2- MRC Findings at Mn-T1- MRC
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Diagnosis on MRC Findings at ERCP Final Diagnosis Treatment
Sex/POD (pre-contrast) (post-contrast) (combined pre- & post-
contrast)
1/56/M/3 Disconnected CBD No-opacification of CBD Complete
transection of CBD Obstruction of CBD Complete transection of
CBD Operation
Fluid collection Extravasation of contrast with bile leakage with
bile leakage
2/73/M/3 Disconnected CBD No-opacification of CBD Complete
transection of CBD Stricture CBD Partial stricture of CBD due to
Internal stent
Fluid collection Extravasation of contrast with bile leakage with
bile leakage clipping with bile leakage
along drain along peritoneal drain
3/47/F/3 Disconnected CBD No-opacification of CBD Complete
transection of CBD Obstruction of CBD Complete transection of
CBD Operation
Fluid collection Extravasation of contrast with bile leakage with
bile leakage
4/81/F/3 Normal bile duct Normal excretion of contrast
Hemorrhage without biliary Normal bile duct Hemorrhage with-
out biliary Observation
Fluid collection complication complication
5/35/M/10 Narrowing of CBD Opacification of CBD Partial stric-
ture of CBD Stricture of CBD Partial stricture of CBD Internal
stent
Fluid collection Extravasation of contrast with bile leakage with
bile leakage with bile leakage
6/60/M/7 Normal bile duct Opacification of CBD Bile leak at
cystic duct stump Normal bile duct Bile leak at cystic duct stump
Internal stent
Fluid collection Extravasation of contrast Bile leakage
at cystic duct stump at cystic duct stump
7/57/M/21 Mild dilated RPD Opacification of RPD Partial liga-
tion of RPD Missing duct of RPD Partial ligation of RPD
Observation
No fluid collection No extravasation Note. - POD=post-operative
days, CBD=common bile duct, RPD=right posterior duct
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Role of chemical shift MRI in differentiating benign from ma-
lignant adrenal masses 
K. E. Allam; MRI Unit, AinSham University Specialized Hospital,
Cairo, EGYPT.

Purpose/Introduction: This study aim to show the various MR
imaging parameters that can be used to characterize adrenal mass-
es, including T1 and T2 characteristics, calculated T2 values, en-
hancement patterns, and chemical shift characteristics.
Subjects and Methods: Twenty one patients with indeterminate
CT adrenal masses performed MRI including two breath-hold
chemical shift T1-weighted acquisitions. The first uses a short echo
time (2.2 msec at 1.5 T) when the fat and water protons are out of
phase, and a second in-phase acquisition uses a longer echo time
(4.4 msec).
Results: On out-of-phase images, there is signal drop-off in adeno-
mas. In adrenal masses that do not contain lipid (eg, metastases),
there is no significant signal loss on out-of-phase images. With the
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chemical shift technique, the sensitivity and specificity for differ-
entiating adenomas from metastases ranges from 81% to 100% and
94% to 100%, respectively.
Discussion/Conclusion: Chemical shift MR imaging is the most
sensitive technique for differentiating adenomas from metastases to
the adrenal gland. When results of CT examinations are equivocal,
MR imaging is the next imaging study of choice for characterizing
adrenal lesions.
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Pelvic and calyceal changes assessment after pyeloplasty using
volume rendering methods
M. Onu, M. Budau, V. Jinga, T. Pop; Nuclear Medicine,
Echography & MRI, Clinical Hospital, Bucharest, ROMANIA.

Purpose: To document the changes in calyceal and pelvic disten-
sion for patients undergoing pyeloplasty.
Subjects & Methods: Eleven patients with pelvi-ureteric junction
(PUJ) obstruction underwent open pyeloplasty. They were investi-
gated by MRI before and 2 weeks after pyeloplasty. A stack of
transversal images throughout the kidney was used for volumetric
measurements. These images were transferred to a PC. Pelvic and
calyceal volume measurements were performed using 3DSlicer
software (http://www.slicer.org).
Results: The results were analyzed using t-paired test. There were
significant difference in �pelvic+calyceal� volume, pre and post-
operative.
Conclusion: Volume measurement using segmentation and volume
rendering software could be an indicator of pyeloplasty interven-
tion success and a prognostic indicator, as well.

EPOS Highlights Session
5:30 pm - 6:30 pm EPOS Theatre
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Implementation and validation of a fiber tracking algorithm
based on Advanced Fast-Marching
P. Staempfli1,2, T. Jaermann1,2, A. Valavanis2, S. Kollias2, P.
Boesiger1; 1Institute for Biomedical Engineering, ETH and
University Zurich, Zurich, SWITZERLAND, 2Institute of
Neuroradiology, University Hospital of Zurich, Zurich, SWITZER-
LAND.

Introduction: Diffusion tensor imaging (DTI) is a MRI-technique
which allows to measure the diffusion of water molecules non-in-
vasively and in-vivo [1]. The 3D-diffusion properties can be de-
scribed by a local diffusion tensor for each voxel which permits the
reconstruction of cerebral nerve fiber tracks in white-matter using
tracking algorithms. In general, such algorithms are extremely sen-
sitive to the uncertainty of the main diffusion direction. One reason
for this uncertainty is that fiber structures are much smaller than the
resolution of DTI-datasets. Therefore only the superimposed diffu-
sion direction of multiple fiber structures can be determined which
causes difficulties in resolving fiber-crossing situations.
Fast-marching (FM) [2] can be used to perform DT-fiber-tracking
[3]. Until now, only FM-algorithms considering the main diffusion
eigenvectors have been investigated. In this study, we propose an
advanced FM-algorithm which takes into account the whole tensor
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information. It is compared with a line propagation algorithm
(FACT) [4] and with the standard FM-algorithm described in [3].
Methods: DTI-data were acquired using a 3T Philips whole-body
system. Whole brain scans (FOV=200x200mm2, 128x128 voxels,
46 slices, slice thickness=2.0mm, SENSE-factor=2.1) were per-
formed along six directions (b-factor=1000s/mm2). After diagonal-
ization of the diffusion tensors, the eigenvalues and eigenvectors
were determined. Additionally, artificial datasets (Fig.1) were cre-
ated to simulate fiber-crossing. The FM-algorithm was modified in
order to follow a shape dependent propagation of the wave front
(advanced FM) and was then applied to these datasets.
Subsequently, fiber pathways were reconstructed.
Results: Fig.1 shows an artificial dataset consisting of two inter-
secting cylinders to grossly simulate fiber-crossing. Fig.2 illus-
trates tracking results in the artificial dataset with the FACT
(Fig.2a), standard FM (Fig. 2b) and advanced FM-tracking-algo-
rithm (Fig.2c). Only the advanced FM-algorithm reconstructs all
the fibers in the cylinder where the start-region was chosen. Fig.3
demonstrates the same comparison between these three algorithms
in an in-vivo dataset.
Discussion and Conclusion: The results show that the advanced
FM-algorithm resolves situations with crossing or branching fibers
superior to the initially described FM- or the FACT-algorithm. The
advanced FM-algorithm seems to be able to reconstruct white mat-
ter fibers with closer precision to the known anatomy. It has been
demonstrated that the modified version of FM improves fiber-re-
construction and therefore may contribute as a valuable tool for
better understanding of the brains� fiber-architecture in health and
disease.
References:
[1]Basser PJ et.al.,[1995] Biophys.J.,66:259-267
[2]Sethian JA et.al.,[1996] PNAS,93:1591-1595
[3]Parker GJM et.al.,[2002] IEEE on Med. Imaging,21:505-512
[4]Mori S et.al.,[1999] Ann.Neurol.,45:265-269

Fig 1: Artificial dataset of two intersecting cylinders to simulate
crossing-situations. Inner-radius (red arrow), outer-radius (green
arrow) and the distance between the two cylinders (blue arrow) can
be defined by the user. Also the slope of the first eigevector can be
adjusted (yellow arrows).

Fig 2: Crossing situation: Fibers (blue) are generated with different
tracking algorithms from the same start-region (red arrow). The
slope of the first eigenvector of both cylindes is set to 0.
From left to right: FACT algorithm, basic FM-Algorithm, ad-
vanced FM-algoritm.

Fig 3: Reconstructed fibers from a start region in the Corpus
Callosum with three differnt tracking algorithms: From left to
right: FACT algorithm, basic FM algorithm, advanced FM algo-
rithm.
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Correlation between apparent diffusion coefficients and mag-
netization transfer ratios in intracranial tumors
D. Galanaud1, J. Ranjeva1, F. Nicoli1, Y. Le Fur1, S. Confort-
Gouny1, P. Metellus2, P. J. Cozzone1; 1Crmbm cememrem umr cnrs
6612, Faculté de Médecine, Marseille, FRANCE, 2Department of
Neurosurgery, CHU Timone, Marseille, FRANCE.

Introduction: The objective is to investigate the possible relation-
ship between apparent diffusion coefficients (ADC) and magneti-
zation transfer ratios (MTR) in human brain tumors in order to
define optimal parameters for future multivariate classification.
Patients and Methods: ADC and MTR were prospectively evalu-
ated in 98 patients who had taken part in an imaging study of in-
tracranial tumors performed in our institution. Tumor types were
low grade gliomas (n=40), anaplastic astrocytomas (n=14),
glioblastomas (n=21), lymphomas (n=11) and metastasis (n=12).
ADC and MTR were measured in the same location in a non
necrotic part of the tumor at a distance from peritumoral edema
when it was present.
Results: An inverse linear correlation was found between ADC and
MTR (ADC = 283,67802 - 4,5070025 MTR, r= -0.78 p< 0.0001)
which was present in all tumor types. Interestingly, this relationship
was not found in normal volunteers (n=10) or patients suffering
from other neuropathologies.
Discussion and Conclusion: ADC and MTR are strongly correlat-
ed in intracranial tumors. This may be related to inverse correlation
between tumor cellularity, which affects the diffusion properties of
the tissue (Guo AC et al. [2002] Radiology 224:177-83) and free
water content of the tumor. A local increase in water content re-
duces the relative concentration of macromolecules in pixels and
hence decreases the exchange between free and bound pools of
protons reflected by a decrease in tissue MTR. This is confirmed by
the fact that tumors composed of large cells (such as low grade
gliomas) have high ADC/low MTR values; on the contrary, tumors
made of small cells (such as lymphomas) have low ADC/high
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MTR values. It should also be noted that since ADC and MTR are
correlated (i) it is unnecessary to perform both sequences in studies
of brain tumors (ii) the fact that these two parameters are not inde-
pendent should be taken into account in multivariate studies.
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Comparison of CT and MR perfusion studies, 1H MRS and
MRI in 50 patients with cerebral glioma undergoing investiga-
tion for progress of disease and efficacy of treatment
E. T. S. Smith1, K. Das1, M. Jenkinson2, P. Cole1; 1Neuroradiology
Dept, The Walton Centre NHS Trust, Liverpool, UNITED KING-
DOM, 2Neurosurgery Dept., The Walton Centre NHS Trust,
Liverpool, UNITED KINGDOM.

Purpose: The principal purpose was to determine whether CT and
MR perfusion techniques were complementary or exclusive in the
investigation of neoplastic activity in patients with cerebral glioma.
Method: 50 patients with cerebral glioma who had CT perfusion,
MR perfusion ( negative enhancement integral ), 1H MRS,
MRI and stereotactic biopsy for assessment of tumour grade were
studied. Typically, CT and MR studies and stereotactic biopsy were
performed within two weeks of each other. Data acquired by CT
and MRI/MRS was analysed using manufacturer supplied soft-
ware. For both CT and MR perfusion studies regions of interest
were compared with the contralateral normal area. Where this coin-
cided with blood vessels values were compared instead with nor-
mal white matter. All examinations were reviewed by a single
investigator.
Results:
Astrocytoma WHO group 2 - 15 patients
Decreased perfusion on CT 11/15. Decreased perfusion on MR
11/15. Agreement CT/MR 11/15
No contrast enhancment on routine CT study in all patients.
Contrast enhancement ( minimal ) on routine MRI in 6 patients.
Calcification 3 patients.
Cho/Cr 1.17 - 2.47. NAA/Cr 0.6 - 1.26
Astrocytoma WHO group 3 - 18 patients.
Increased perfusion or heterogenous increased/decreased perfusion
on both CT and MR studies in all patients. Agreement
CT/MR 18/18
Contrast enhancment - CT - 11/18: enhancement - MRI - in all pa-
tients.
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Calcification 4/18 patients
Cho/Cr 0.96 - 4.43. NAA/Cr 0.5 - 1.3
Glioblastoma multiforme group - 2 patients
Increased perfusion or mixed hyper/hypoperfusion on both CT and
MR studies in both patients.
Contrast enhancement, CT and MRI, in both cases.
No calcification noted.
Cho/Cr 1.3 - 1.47. NAA/Cr 0.83 - 1.2
Oligodendroglioma WHO group 2 - 5 patients
Decreased CT and MR perfusion in 4/5 patients. 1 patient showed
increase on CT and MR.
Contrast enhancement - CT - 3/5: MR 3/5.
Calcification 3/5
Cho/Cr 0.62 - 2.18. NAA/Cr 0.53 - 1.55
Oligodendroglioma WHO group 3 - 10 patients.
Increased perfusion on MR 9/10. 1 patient showed definite hypop-
erfusion.
Increased perfusion on CT 9/10. 1 patient showed mixed perfusion
with increased volume and decreased flow. Agreement
CT/MR 8/10.
Contrast enhancement - CT - 2/10. - MR - 9/10.
Cho/Cr 0.96 - 4.75. NAA/Cr 0.51 - 0.98
Calcification 6/10.
Conclusions: There appeared to be reasonably good correlation
between CT and MR perfusion studies. Are both necessary?
The presence of heterogenous increased / decreased and overall in-
creased perfusion raises suspicion of higher grades of malignancy.
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A classification of hippocampal subregions based on diffusion
tensor inter-voxel coherence
C. Kiefer1, J. Slotboom1, L. Remonda1, G. Schroth1, W. Strik2, P.
Kalus1; 1Neuroradiology, Institute for Diagnostic and
Interventional Neuroradiology, Bern, SWITZERLAND,
2Psychiatric Neurophysiology, University Hospital of Clinical
Psychiatry, Bern, SWITZERLAND.

Purpose: Previous studies of the hippocampal formation in schizo-
phrenia using diffusion tensor imaging focused on a more or less
accurate ROI tracing. It is demonstrated that the inter-voxel
collinearity of the diffusion tensor [1] delineates subtle alterations
of hippocampal structures in schizophrenic patients if the evalua-
tion was restricted to hippocampal subregions defined by a proto-
col proposed by Jack et al. [2] with additional use of the
cytoarchitectonical criteria described in the atlases by Duvernoy
[3] and Mai et al. [4].
Subjects and Methods: Anatomical imaging was obtained using a
T1-weighted, sagittal oriented 3D-MPRAGE sequence (1mm3
isovoxel resolution). For diffusion tensor imaging, a spin echo EPI
with two 180° pulses (2.5mm3 isovoxel resolution, six directions)
was used. The slices were oriented parallel to the long axis of the
hippocampus. For the determination of the mean regional inter-
voxel collinearity (COH) (1) of the hippocampal subdivisions, the
3D system coordinates of the single ROIs were transferred to the
interpolated COH-maps, thus allowing for a direct voxel-by-voxel
correlation of anatomical structures and COH indices.
Results: The hippocampal subdivisions (anterior hippocampus
(AH), posterior hippocampus (PH) ) showed significant differences
concerning their mean COH values in control subjects (right AH
vs. PH: t = -5.08, p < 0.001; left AH vs. PH: t = -5.46, p < 0.001;
paired-samples t test) as well as in schizophrenics (right AH vs.
PH: t = -2.39, p < 0.05; left AH vs. PH: t = -7.23, p < 0.001).
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Comparing the single ROIs between the two groups, mean COH
values were significantly reduced in the PH on both sides and in the
left TH (total hippocampus) of schizophrenics.
Conclusion: Using DTI for the evaluation of anisotropy in the hip-
pocampal subregions, we found striking differences of the regional
inter-voxel coherences between schizophrenic patients and control
subjects.
References:
[1] Pierpaoli C, Basser PJ:, Magn Reson Med 1997 Jun;37(6):972.
[2] Jack CR, Petersen RC, Xu YC, Waring SC, O´Brien PC,
Tangalos EG, Smith GE, Ivnik RJ, Kokmen E. Neurology 1997;
49:786-794.
[3]Duvernoy HM. The human hippocampus. Berlin:Springer,1998.
[4] Mai JK, Assheuer J, Paxinos G. Atlas of the human brain. San
Diego: Academic Press, 1997.
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Enhancing lesions of the brain: intra-individual quantitative
and qualitative comparison of contrast enhancement after
gadobenate dimeglumine (Gd-BOPTA) versus established
gadolinium comparators
A. Tartaro1, T. Tartaglione2, K. Lodemann3, M. Essig4, M. V.
Knopp5, G. Pirovano6, M. A. Kirchin7; 1Department of Clinical
Services and Bioimages, Institute for Biological Sciences, "G.
D'Annunzio" University, Chieti, ITALY, 2Istituto di Radiologia,
Risonanza Magnetica, Policlinico A. Gemelli, Roma, ITALY,
3Diagnostic Imaging, Bracco Altana Pharma GmbH, Kostanz,
GERMANY, 4Abt. Radiologische Diagnostik und Therapie,
Deutsches Krebsforschungszentrum Heidelberg, Heidelberg,
GERMANY, 5Department of Radiology, Novartis Chair of Imaging
Research, The Ohio State University Hospital, Columbus, OH,
6Worldwide Medical Affairs, Bracco Diagnostics Inc., Princeton,
NJ, 7WWMA/Medical Communication, Bracco SpA, Milan, ITALY.

Purpose/Introduction: Gadobenate dimeglumine (Gd-BOPTA,
MultiHance®, Bracco Imaging SpA, Milan, Italy) is a paramagnet-
ic contrast agent whose T1 relaxivity in vivo (r1=9.7 mmol�L-1s-1) is
approximately twice that of Gd-DTPA, Gd-DOTA and other avail-
able gadolinium agents due to a capacity for weak and transient in-
teraction with serum albumin. This feature may contribute to the
improved detection, delineation and conspicuity of enhancing in-
tracranial lesions for which blood-brain barrier breakdown results
in elevated levels of serum proteins. The study was conducted to
determine whether this increased relaxivity is advantageous for
MR imaging of intracranial brain lesions.
Subjects and Methods: Forty-five patients (31M/14F) with sus-
pected glioma or cerebral metastases were enrolled. Patients re-
ceived Gd-BOPTA and either Gd-DTPA (n=23) or Gd-DOTA
(n=22) in a fully randomized order at 0.1 mmol/kg bw and at a flow
rate of 2 ml/s. The second agent was administered between 24 and
100 hours after the first agent. Images were acquired pre-dose
(T1wSE, T2wFSE sequences) and post-dose (sequential T1wSE
sequences at 2,4,6,8,10,15 min with a T1wSE-MT sequence at 12
min) at 1.5T using a head coil. Quantitative (lesion-to-brain ratio
(L/B), contrast-to-noise ratio (C/N) and % lesion enhancement
(%En)) and qualitative assessment of lesion enhancement was per-
formed by fully two blinded off-site readers.
Results: After correction for pre-contrast values, significantly
greater L/B (p<0.003), C/N (p<0.03) and %En (p<0.0001) was
noted by both readers for Gd-BOPTA-enhanced images at all time-
points from 2 min post-contrast. Qualitative matched-pairs assess-
ment revealed significant preference for Gd-BOPTA over

combined comparator for lesion border delineation (p<0.004, both
readers), lesion internal morphology (p<0.008, both readers), glob-
al contrast enhancement (p<0.0001, both readers) and global diag-
nostic preference (p<0.0005, both readers). Although not designed
to evaluate lesion detection, more lesions were detected on post-
dose images after Gd-BOPTA than after comparator agent (reader
1: 75 vs. 72; reader 2: 77 vs. 72). Similarly, inter-reader agreement
was significantly greater after Gd-BOPTA (weighted kappa for
contrast enhancement = 0.244; 95% C.I. 0.065, 0.422 after Gd-
BOPTA vs. 0.094, 95% C.I. -0.078, 0.267 after comparator).
Discussion/Conclusion: This extensive, fully blinded intra-indi-
vidual comparison confirms that Gd-BOPTA has preferential con-
trast enhancing characteristics compared to conventional
gadolinium agents. The superior contrast enhancement achieved
with Gd-BOPTA may impact positively on overall patient manage-
ment as well as pre-surgical planning and post-surgical follow-up.
Moreover, the significantly greater enhancement at early post-con-
trast time-points may be clinically highly advantageous in permit-
ting a greater daily throughput of patients.
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Diffusion tensor imaging of bovine articular cartilage under
compressive load
L. Filidoro1, T. Weber2, O. Dietrich1, J. Weber1, C. Faber2, P.
Jakob2, M. Reiser1, C. Glaser1; 1Diagnostic Radiology-
Grosshadern, Ludwig Maximilian University of Munich, Munich,
GERMANY, 2Institute of Physics, University of Wuerzburg,
Wuerzburg, GERMANY.

Introduction: Hyaline articular cartilage is an anisotropic struc-
ture, defined mainly by the arrangement of the collagenous fibers.
Diffusion Tensor Imaging (DTI) allows to analyze the structural
anisotropy of tissues, but no data are available about DTI of bovine
articular cartilage. The purpose of this study was to realize an in-
vestigation of hyaline articular cartilage using DTI. For a better
comprehension of the fiber structure, a compressive load was ap-
plied and the variation of the tissue properties was investigated.
Methods: The MRI measurements were performed on bovine
patellar cartilage-on-bone samples. The samples were tested under
local compressive strain trough a solid indentor. The DTI data were
acquired on a Bruker Microimaging System with 17.6T and using a
diffusion-weighted pulsed-gradient spin-echo sequence with
TR/TE=1000/12ms and Delta/delta=5.5/2.5ms. The spatial resolu-
tion was 62x62µm². The diffusion eigenvectors and the diffusion
eigenvalues were calculated. From these eigenvalues, the mean dif-
fusivity was determined. The direction of the first eigenvector, i.e.
the eigenvector corresponding to the largest diffusivity, was visual-
ized.
Results: The mean diffusivity was highest close to the cartilage
surface and decreased down to the cartilage-bone-interface. The
mean diffusivity at the cartilage surface was 1.4x10^(-3)mm²/s for
the unloaded zones and 1.13x10^(-3)mm²/s under load. The first
eigenvector for the unloaded zones was oriented parallel to the car-
tilage surface at this surface and became vertical below this area.
Under the indentor, the direction of the first eigenvector was paral-
lel to the cartilage surface and the vertical region was strong re-
duced.
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Discussion & Conclusion: The mean diffusivity in the unloaded
regions showed a decrease from the cartilage surface towards the
cartilage-bone-interface. The diffusivity decrease may be associat-
ed with the proteoglycan distribution that restricts the water mobil-
ity and increases from the cartilage surface down to the
cartilage-bone-interface. Under the indentor, the reduced mean dif-
fusivity may be explained by the increased proteoglycan concentra-
tion under load. The orientation of the first eigenvector for the
unloaded cartilage correlates well with the known structure of car-
tilage, which contains a tangential zone with the fibers parallel to
the surface and a radial zone with a fiber arrangement predomi-
nantly perpendicular to the cartilage-bone-interface. Under a verti-
cal load horizontal fibers remain horizontal, but vertical fibers
change to a more anisotropic orientation.
Our results demonstrate the feasibility of DTI for structural analy-
sis of hyaline articular cartilage and suggest that particularly load
experiments can give further information about the collagenous
fiber structure.
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Impact of field strength on measured fractional anisotropy
index in normal brain tissues 
K. A. Il'yasov1,2, G. Barta1,3, M. E. Bellemann

3
, J. Hennig1, T. A. G.

M. Huisman2; 1Dept. of Radiological Research, Medical Physics,
University Hospital Freiburg, Freiburg, GERMANY, 2MR-
Centrum, Neuroradiology, Zürich Children's Hospital, Zürich,
SWITZERLAND, 3Medical Physics, University of Applied Sciences
Jena, Jena, GERMANY.

Introduction: Normative age-dependant mean diffusivity (D�) and
fractional anisotropy index (FA) values can be used as biomarker of
normal and pathologic cerebral microstructure. Few studies have
investigated the impact of the magnetic field strength on normative
diffusion scalars [1]. The objective of our study was to compare D�
and FA at 1.5 and 3.0 T using an identical DTI-sequence in 12
healthy volunteers.
Method: DTI-measurements were done on a 1.5T and a 3.0T
Siemens scanners (Erlangen, Germany) equipped with identical
gradient hardware and imaging software. Imaging parameters: 12
diffusion-encoding directions, b-factor 1000 mm2/s, whole brain
coverage, 2x2x3mm3 voxels. Gradient shapes generated with
Siemens simulation tool were used for exact b-tensor calculation.
The temperature corrected ADCs measured in a water phantom
matched previously published data [2] and were identical for both
scanners.
Each of 12 volunteers (age 26-31Y, median 28Y) was measured on
both MR-units within the same day. ROIs were manually outlined
by an experienced neuroradiologist (TH) in the WM: genu of the
internal capsule (left: 1, right: 2), posterior limb of the internal cap-
sule (l:3, r:4), splenium of the corpus callosum (5), truncus of the
corpus callosum (6) and in centrum semiovale (l:7, r:8) and central
GM: thalamus (l:9, r:10), putamen (l:11, r:12), head of caudate nu-
cleus (l:13, r:14). The ROI size ranges from 13 to 106 with a medi-
an of 35 pixels.
Results: Comparing 1.5 T with 3T, the measured FA-values of the
selected ROI�s differ within each individual subject and for the av-
erage over all subjects (Figure 1). Mean all WM ROIs was
4.2±2.3% higher at 3T and mean for GM ROIs was higher by
11.6±1.1 %. D� does not change with increasing field strength.
Discussion: Our results show a clear trend toward higher FA at
higher field strengths. Consequently, normative FA-data should be
related to the used field strength. Even FA differences were relative
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small, our calibrations exclude that they were caused by slightly
different hardware calibration or performance. The FA differences
can possibly be explained by field strength dependant T2-relax-
ation differences. Further validation is required to prove this hy-
pothesis and a larger collective of healthy volunteers has to be
examined for better statistical analysis.
References:

1. Hunsche S, et al. [2001] Radiology. 221:550.
2. Il'yasov KA, Hennig J. [1998] J. Magn. Reson. Imaging.8:1296

Figure1. FA measured at 1.5 and 3T for the different ROIs. See
Methods part for ROI locations.
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Experimental Evaluation of Synthetic DT-MRI Models
A. Leemans1, J. Sijbers1, M. Verhoye2, A. Van der Linden2;
1Physics, University of Antwerp, Antwerp, BELGIUM, 2Biomedical
Sciences, University of Antwerp, Antwerp, BELGIUM.

Introduction and Purpose: An important advancement in diffu-
sion MRI is the measurement of the anisotropic diffusion tensor,
providing directional and structural information of the underlying
biological tissue. This information is utilized to study the orienta-
tion of anisotropic tissues and to reconstruct the White Matter
(WM) fiber network. This technique is known as Diffusion Tensor
Tractography (DTT) or fiber tracking [1]. To evaluate and compare
different DTT algorithms in a quantitative way, a synthetic
Diffusion Tensor MRI (DT-MRI) phantom is indispensable. In this
work, several synthetic DT-MRI models (Rectangular, Gaussian
and Saturated) are evaluated using experimental data in order to
provide the optimal parameter settings for constructing a realistic
simulated DT-MRI phantom.
Subjects and Methods: In vivo DT-MRI of a starling brain was
performed on an MRRS 7T system. Thereby, 24 sagittal slices with
thickness 0.6mm were obtained covering the whole brain. Spin
echo images, incorporating symmetric trapezoidal diffusion gradi-
ents were sequentially applied in 7 non-collinear directions. The
components of the b-matrices were calculated using analytical ex-
pressions [2], incorporating both the diffusion gradients (0 or
70mT/m, δ=12ms, ∆=20ms) and the image gradients. Additional
acquisition parameters were: BW=25kHz, FOV=22mm, TE=43ms,
TR=2400ms, ramp time = 0.1ms, acquisition matrix = (256 x 128),
number of averages = 14.
Results: Figure 1 shows a sagittal Fractional Anisotropy (FA) map,
where a specific part of the cerebellum is enlarged. The color-en-
coding of the FA map provides directional information of the fiber
orientation. In figure 2, the corresponding synthetic DT-MRI mod-
els with their optimal parameter settings are displayed, with (a,b,c)
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and without (d,e,f) incorporating partial volume effects. The mod-
els are ordered according to increasing similarity between experi-
mental and synthetic DT-MRI data as follows: Rectangular,
Gaussian and Saturated model.
Conclusion: We evaluated different synthetic DT-MRI models
using experimental DT-MRI data. These synthetic DT-MRI models
allow accurate representations of experimental data and are there-
fore suitable for quantitative evaluation and comparison of DTT al-
gorithms. The highest similarity between synthetic and
experimental data is attained by the Saturated model.
Acknowledgements: This work was financially supported by the
IWT and the FWO, Belgium.
References:
[1] Mori S. and van Zijl P., Fiber tracking: principles and strate-
gies - a technical review. NMR biomed 15, p. 468-480, 2002.
[2] Mattiello J., Basser P.J. and Le Bihan D., Analytical calculation
of the b matrix in diffusion imaging. In: Bihan DL, editor. Diffusion
and perfusion magnetic resonance imaging. New York: Raven
Press, p. 77-90, 1995.
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Apparent diffusion coefficient in terms of statistical properties
of tissues 
V. G. Kiselev1, D. S. Novikov2; 1Diagnostic Radiology/Medical
Physics, University Hospital Freiburg, Freiburg, GERMANY,
2Department of Electrical Engineering and Department of
Physics, Princeton University, Princeton, NJ, UNITED STATES.

Introduction: NMR measurements of water diffusion in living tis-
sues is capable to probe their cellular structure. However the way in
which the cellular morphology is imprinted in the measured diffu-
sion-weighted NMR signal is currently poor understood. Available
theoretical models have been developed for examinations of porous
media, in which diffusion is restricted by hard boundaries and for
the steady-state transport in disordered media. Models with imper-
meable boundaries can reasonably describe the fiber bundles in
brain white matter or diffusion of gas in the lungs, but their rele-
vance for other tissues such as the brain gray matter is question-
able. We propose an alternative model in which the tissue is treated
as a soft matter with all space points reachable for water molecules.
The restrictions imposed by membranes and cell organelles are de-
scribed by a diffusion coefficient that varies in space, D(x). This
function may sharply depend on the position.
Method and Results: The time-dependent apparent diffusion coef-
ficients (ADC) is analysed in the framework of the cumulant ex-
pansion in powers of the various component of D(x). The first
nontrivial term for arbitrary shaped D(x) is obtained explicitly. The
ADC is expressed as an integral in k-space of the product of the
two-point correlation function of D(x) with a time-dependent func-
tion defined by the applied pulse sequence. This function is found
explicitly for the spin echo technique.
At zero diffusion time, the ADC is equal to the sample averaged
diffusion constant. Its further decrease is governed by the shape of
the two-point correlation function. For short-ranged correlations,
the ADC mimics an apparent value of the surface to volume ratio of
(nonexistent) restrictive boundaries. An explicit expression relates
this behaviour to the short-distance form of the correlation func-
tion.
The limit of long diffusion times corresponds to the known prob-
lem of determining the transport properties of disordered media
under the steady-state conditions. The value of tortuosity is ob-
tained explicitly. It is remarkable that in most cases it depends on
the tissue properties at the shortest distances.
A verification of results using Monte Carlo simulations for two-di-
mensional two-phase media built of overlapping and self-avoiding
ellipses is illustrated in the figure.
Conclusion: The proposed model of tissues as soft matter is
tractable theoretically while displaying the conventional features of
diffusion in living tissues. The present general analysis can be ex-
tended to study the multiexponential diffusion and the effect of
physiological changes in the cellular status.
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A Library of 3D synthetic DT-MRI models for testing White
Matter fiber Tractography Algorithms
A. Leemans1, J. Sijbers1, M. Verhoye2, A. Van der Linden1;
1Physics, University of Antwerp, Antwerp, BELGIUM, 2Biomedical
Sciences, University of Antwerp, Antwerp, BELGIUM.

Introduction and Purpose: An important application of Diffusion
Tensor Magnetic Resonance Imaging (DT-MRI) is Diffusion
Tensor Tractography (DTT), i.e. the 3D virtual reconstruction of
the White Matter (WM) fiber network [1]. To objectively evaluate
the numerous criteria that characterize a fiber tracking algorithm, a
quantitative and accurate simulated phantom is indispensable.
Current synthetic DT-MRI phantoms are often ad hoc constructions
that lack the realistic diffusion properties of WM fiber bundles, im-
peding objective comparison and evaluation of different DTT algo-
rithms. In this work, we propose a library of 3D synthetic DT-MRI
phantoms with specific configurations, like crossing, branching
and merging of WM fiber bundles.
Subjects and Methods: A mathematical framework has been de-
veloped to simulate DT-MRI data of WM neural fiber bundles,
based on the corresponding diffusion related physical properties. In
summary, a phantom is constructed by defining the fiber pathway,
its corresponding width, Fractional Anisotropy (FA), mean diffu-
sion and cross-sectional dependency of the fiber density. These
properties are translated in the eigenvalues and eigenvectors that
define the diffusion tensor. Other image acquisition parameters,
like signal-to-noise ratio (SNR) and resolution (to incorporate the
partial volume effect) can also be defined.
Results: Two synthetic DT-MRI examples of specific configura-
tions are given: the crossing and branching of WM fiber bundles
(see figures). The ellipsoids in the images are color-encoded ac-
cording to their FA values. Note the reduced diffusion anisotropy
(linear diffusion becomes planar) at the intersection of the crossing
fibers, which can be modeled independently of the partial volume
effect. Also fiber modeling according to the intrinsic properties
such as curvature and torsion has been elaborated.
Conclusion: In order to objectively evaluate and compare different
DTT algorithms, we developed a library of synthetic DT-MRI
phantoms. In the future, this will be made accessible to other re-
search groups.
Acknowledgements: This work was financially supported by the
Institute for the Promotion of Innovation through Science and
Technology in Flanders (IWT) and the Fund for Scientific
Research (FWO), Belgium.
References:
[1] Mori S. and van Zijl P., Fiber tracking: principles and strate-
gies - a technical review. NMR biomed 15, p. 468-480, 2002.
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MR and the diagnostics of multiple sclerosis
M. Filippi, MD; Department of Neurology, Scientific Institute and
University Ospedale San Raffaele, Milan, ITALY.

MR in the diagnosis of multiple sclerosis
In patients at presentation with clinically isolated syndromes (CIS)
suggestive of MS, conventional magnetic resonance imaging
(cMRI) of the brain is mandatory, with spinal cord or optic nerve
imaging strongly indicated in selected cases. CMRI of the brain
provides subclinical evidence of the spatial and temporal dissemi-
nation of lesions and allows to exclude other neurological condi-
tions. Based on these considerations, ad-hoc guidelines for MS
diagnosis, based on standardized criteria for the interpretation of
cMRI findings, have been proposed recently. These guidelines sup-
port the use of serial brain MRI after the onset of CIS, to demon-
strate subclinical disease activity with the aim to identify patients
who might benefit from an early treatment with disease-modifying
therapies.
Spinal cord MRI can also be useful to depict symptomatic lesions
in case of acute myelopathies and to increase the diagnostic confi-
dence when brain MRI findings are equivocal or a progressive
spinal symptomatology is predominant. Cord lesions can be detect-
ed in 47-90% of MS patients and have some 'typical' features which
might be worth considering in the context of a differential diagno-
sis.
The patterns of lesions seen on cMRI of patients with MS, howev-
er, are not specific for this disease. Non-conventional MR tech-
niques, such as magnetization transfer MR imaging, which allow
the quantification of tissue damage both within T2-visible lesions
and in the normal-appearing white and gray matter, might provide
an additional contribution to the diagnosis of MS, although their
application to the work-up of individual patients is still preliminary.

83
MRI in schizophrenia research and diagnostics
W. F. Baaré; MR-department, Hvidovre Hospital, Danish
Research Centre for Magnetic Resonance, Hvidovre, DENMARK.

Schizophrenia is a complex, chronic and invalidating disease in
which different aspects of cognition and behavior, including atten-
tion, perception, thought processes, emotion and volition, are af-
fected. Although its etiology is not known, genetic factors as well
as environmental, such as intrauterine and perinatal, factors are in-
volved.
In vivo imaging studies have been pivotal for our understanding of
schizophrenia as a brain disease. Most consistently found structural
brain abnormalities include enlarged ventricles, reduced gray mat-
ter volume, and smaller medial temporal lobe structures.
Additionally, frontal, (superior) temporal and thalamic abnormali-
ties are found. Abnormal (pre)frontal cortical function, as measured
with SPECT, PET and fMRI, is the most frequently reported (and
studied) functional abnormality in schizophrenia. Studies employ-

ing 1H-MRS(I) have inconsistently found NAA reductions in the
frontal and (medial)temporal lobes in the early stages of schizo-
phrenia but more consistently in chronic patients, indicating abnor-
malities in neuronal/axonal structure or neuronal function. There is
some indication that NAA reductions might be more prominent in
white matter tissue, suggesting abnormal axonal connections.
Anatomical support for the notion of diminished connectivity in
schizophrenia is provided by DTI studies.
Findings in first-episode and in medication naive patients indicate
that most structural and functional brain abnormalities are already
present at illness onset and thus are not necessarily secondary to the
illness itself (e.g. hospitalization, illness duration). However, typi-
cal antipsychotic medication has been associated with increased
sub cortical volumes. Despite inconsistencies, findings of longitu-
dinal structural imaging studies suggest that especially the frontal
lobes might deteriorate over time.
Integrating in vivo imaging study findings is complicated because
most studies used one imaging technique and often evaluated a few
brain areas. Nevertheless, studies employing multiple imaging
techniques in the same study cohort are becoming more common
and will increase our ability to test hypotheses and interpret study
results.
The theoretical and clinical significance of structural and function-
al abnormalities is by no means clear. Disturbances in early (pre-
and perinatal) as well as late (adolescence) brain developmental
processes have been implicated. Neurodegenerative processes
might be involved after illness onset. A major hypothesis associates
schizophrenia with disturbed connections between different brain
regions. Although, theories differ in their anatomical focus, find-
ings indicate that especially prefrontal, superior temporal, amyg-
dala, hippocampus, thalamus, and basal ganglia abnormalities are
involved. The relationship between pathophysiological measures,
clinical variables and cognitive functioning is still poorly under-
stood.
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Diffusion in vivo. The comparison of MR with alternative
techniques 
E. Syková1,2; 1Institute of Experimental Medicine, ASCR, Prague
4, CZECH REPUBLIC, 2Department of Neuroscience, Institute of
Experimental Medicine ASCR, Prague, CZECH REPUBLIC.

Introduction: ECS diffusion parameters affect the efficacy of
synaptic and extrasynaptic (volume) transmission (VT). VT is me-
diated by the diffusion of neuroactive substances through the extra-
cellular space (ECS). Changes in ECS volume and geometry
accompany neuronal activity, glutamate release, seizures, anoxia,
injury, astrogliosis, demyelination and other pathophysiogical
states. Activity-related or CNS damage-related ionic changes and
amino acid release result in cellular (particularly glial) swelling,
which is compensated for by ECS volume shrinkage and by a de-
crease in the apparent diffusion coefficients (ADCs) of substances
diffusing in the ECS.
Methods: The real-time tetramethylamonium (TMA) method de-
termines the absolute values of changes in ECS volume and the
ADC of TMA. Other invasive methods, such as integrative optical
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imaging and light transmittance measurements, are either incom-
plete or not directly related to diffusion changes. Non-invasive
DW-MRI measures the ADC of water. The correlation of DW-MRI
and the TMA method provides new insights into diffusion measure-
ments.
Results: The TMA method as well as DW-MRI measurements in
three orthogonal axes revealed that the structure of cellular aggre-
gates, glia and the extracellular matrix (ECM) channel the migra-
tion of molecules so that diffusion in certain direction is facilitated.
We found this diffusion anisotropy in myelinated white matter, the
hippocampus and other regions. Anisotropy allows for specificity
of VT and might be important for �cross-talk� between synapses. A
decrease in ECS volume and an increase in diffusion barriers (de-
crease in both ADCs) were found during ageing in rat and mouse
brain. These changes were accompanied by learning deficits, as-
trogliosis, the rearrangement of astrocytic processes and ECM loss.
Increased diffusion barriers due to astrogliosis and an increase in
chondroitin sulphate proteoglycans was found after cortical injury
and in grafted tissue. In mice deficient for the ECM glycoprotein
tenascin-R, ADCs increased and ECS volume decreased, while
APP23 mice with amyloid plaque deposition had a larger ECS vol-
ume but decreased ADCs. The ECM, besides its importance in tis-
sue diffusibility, also maintains a relatively large ECS volume.
Conclusion: A comparison of the TMA method and DW-MRI re-
vealed that changes in the ADC of water are predominantly related
to changes in ECS volume; however, the TMA method is far more
sensitive. A correlation was found when changes in ECS volume
were sufficiently large, about 25% or more. Changes in ECM also
affect ADC-W. There is not a simple correlation between changes
in ADC-TMA and ADC-W, apparently due to the transmembrane
diffusion of water.

85
The principles of MR-based diffusion measurements
D. Leibfritz; Universität Bremen, NW2, FB2, Bremen, GERMANY.

The diffusion weighted image contrast in tissues is well accepted
supplementary tool for tissue characterisation. This introduction
describes the basic experimental methods to record water diffusion
by pulsed field gradient spin echo (PSGE) methods (1,2) by varia-
tion of gradient strength as well as iffusion time. The contrast sen-
sitivity of the apparent diffusion coefficient (ADC) reflects the
displacement characteristics of water molecules, which depends on
almost innumerable tissue parameters i.e. intracellular and extra-
cellular space as well as membrane permeabilities due to active or
passive transports. The intracellular compartment depends on the
cell type, cell morphology and is rather heterogeneous itself. It con-
tains cell organelles, cytoskeletons, supramolecular structures with
water molecules being in fast exchange up to non exchanging water
molecules. The extra cellular space also is rather heterogeneous
reaching from macromolecular structures like the perineural skele-
ton to areas with unrestricted diffusion. This complex physiological
situation has to be tackled with limited experimental tools regard-
less the recent progress in MR hardware. Limitations are due to the
accessable shortness of diffusion times and gradient strength.
Nonetheless, the experimentally measured diffusion attenuation is
no longer monoexponential but rather multiexponential reflecting
the heterogeneous morphology and the necessity to include mem-
brane permeability and cell shape (3-5). Therefore, individual ex-
perimental and modelling results will reflect special aspects of
water diffusion in tissue, but hardly give a generalized description
of tissue in vivo.

1) Callahan PT. The principles of nuclear magnetic resonance
microscopy. Oxford University Press 1993.

2) Le Bihan. D Diffusion and Perfusion Magnetic Resonance
Imaging. Raven Press New York 1995

3) Pfeuffer J, Provencher SW, Gruetter R (1999). Water diffu-
sion in rat brain in vivo as detected at very large b-values is
multicompartmental. MAGMA 8: 98-108

4) Meier C, Dreher W, Leibfritz D (2003) Diffusion in compart-
mental systems. I: A comparison of an analytical model with
simulations. Magn. Res. Med. 50: 500-509
Diffusion in compartmental systems. II: Diffusion-weighted
measurements of rat brain tissue in vivo and post mortem at
very large b-values. Magn. Res. Med. 50: 510-514

5) Pfeuffer J, Dreher W, Sykova E. Leibfritz D (2001). Water
signal attenuation in diffusion weighted 1H-NMR experi-
ments during cerebral ischemia: influence of intracellular re-
strictions, cellular tortuosity, and exchange. Magn. Reson.
Imag. 16: 1023-1032
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The principles of tissue blood flow measurements 
H. Hutten; Institute of Medical Engineering, University of
Technology, Graz, AUSTRIA.

Introduction: Tissue blood flow is the most critical parameter for
the maintenance of the physiological operation, regular integrity
and cellular functionality of tissues.
Subjects and Methods: Blood flow velocity in the microcirculato-
ry pathways can be measured by different methods, e. g. video mi-
croscopy or the Doppler effect (HF ultrasonics, LASER).
Calculation of blood flow from flow velocity requires model-based
assumptions. Most methods for tissue blood flow are employing in-
dicator agents. Blood flow is quantitatively calculated from the in-
dicator transfer function, i. e. the frequency function of the
individual transit times from the site of inflow to the site of out-
flow. The transfer function is obtained by monitoring the indicator
concentration either at the outflow site or in the tissue following an
impulse (or bolus) injection into the considered tissue. That funda-
mental approach is independent whether the employed indicator
agent is a substance (chemical, radioactive or color agent) or ener-
gy (temperature). The application of the indicator method is bound
to the following prerequisites:

1. Linearity of the transfer system;
2. Homogenous mixing with the blood entering the tissue;
3. Exclusion of chemical reactions or any disappearance except

removal by outflowing blood;
4. Constant blood flow during the measurement period.

Results: Measurement of blood flow velocity provides information
with high spatial resolution, however, is limited to homogenous tis-
sue blood flow. It requires direct access.
The most real constraints for the indicator-based method are:

1. The input function into the considered tissue deviates from
the ideal impulse injection either by �slow� indicator admin-
istration or since administration is performed elsewhere into
the circulatory system or via breathing. If the real input func-
tion is known, such deviation can be taken into account by de-
convolution.
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2. The indicator is neither an ideal non-diffusible nor an ideal
diffusible agent.

3. Indicator recirculation occurs within the measurement period.
Discussion: Quantitative determination of tissue blood flow has to
take into account the actual situation and the relevant constraints.
With regard to the indicator method, the distortion of the transfer
function, e. g. by indicator recirculation, requires the identification
of its least corrupted segment. This segment is used either to calcu-
late a single parameter that represents blood flow or to restore the
transfer function using a model-based approach. Model-based ap-
proaches are of special relevance if the transfer function can not be
recorded continuously but only as a time series of discrete values.

87
The histo-anatomic basis of tissue blood flow 
J. A. Spaan; Medical Physics, Academic Medical Center,
Amsterdam, NETHERLANDS.

Perfusion of tissue always requires a bifurcating arterial system, a
capillary bed and a venous system for return of blood to the larger
venous system. In general the perfusion is well controlled and
adapted to the needs of the tissue. The coronary system will be
taken as an example. This circulation system demonstrates autoreg-
ulation and metabolic flow adaptation implying that flow is rather
insensitive to changes in blood pressure but very sensitive to meta-
bolic demand. An additional important factor is the mechanical
compression of intramural blood vessels by the contraction of the
heart which results in pulsatile blood flow in arteries and veins but
reduces the mean flow through the myocardium. This compression
effect is especially noticeable in the subendocardium and forms the
reason that infarction often start at this location in the presence of a
stenosis.
Departing from the anatomy of the coronary arterial artery as re-
constructed from images measured by a cryomicrotome from
hearts of which the coronary system is filled with fluorescently la-
beled cast material, and the control properties of resistance vessels
as measured in vitro, the typical flow control properties of the coro-
nary system will be discussed. The role of the endothelial layer
with its glycocalyc will be elucidated. The relevance of this funda-
mental approach of studying organ perfusion for the clinical evalu-
ation of stenosis severity and coronary microvascular resistance in
patients undergoing coronary catheterization will be discussed.
These clinical measurements are now possible because of guide
wires containing a pressure as well as a Doppler velocity sensor
which can be brought distal of a stenosis.
The analysis of coronary perfusion disturbances are waiting for im-
proved measurements by MRI, not only for definition of stenosis
severity but also myocardial perfusion. Especially the quantifica-
tion of endocardial and epicardial perfusion differences are of im-
portance.
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Brain tumour characterisation
A. Jackson; Imaging Science & BIomedical Engineering,
University of Manchester, Manchester, UNITED KINGDOM.

Introduction: The characterisation and grading of brain tumours
using noninvasive imaging techniques has been a Holy Grail for
neuroradiology since the development of angiography in the early
part of the last century. This talk will address advances that have
been made in recent years using techniques to quantify features of
tumour microvasculature and of the angiogenic process.
Methods: The talk will describe the basic concepts of dynamic
contrast enhanced magnetic resonance imaging (DCE-MRI) and
the clinical and physiological information that can be derived from
it. I will review the application of both T2* and T1 based acquisi-
tion protocols in cerebral tumours and review the analysis tech-
niques available for the interpretation of these data. In particular I
will describe the differences in analysis techniques which can be
applied to T1 DCE-MRI data and the potential benefits and prob-
lems associated with each. We will address simple estimates of en-
hancement pattern based on signal intensity and will compare and
contrast these with the more complex analysis techniques based on
calculated contrast concentration changes over time. In particular I
will explain the current state of the art in pharmacokinetic analysis
approaches and their particular benefit. I will also review potential
clinical and research applications of these methodologies as they
have emerged in the literature over the past few years.
Conclusions: The lecture will provide attendees with a basic con-
ceptual model of the technique of DCE -MRI, a detailed knowledge
of the problems associated with it and how they can be tackled and
an assessment of the potential clinical research role of the tech-
nique.

89
MRI in cancer of the liver
M. Laniado; Institut und Poliklinik für Radiologische Diagnostik,
Universitätsklinikum Carl Gustav Carus, Dresden, GERMANY.

Purpose: To discuss differential diagnosis of focal liver lesions in
cancer patients.
Materials and Methods: MRI findings of the most common focal
liver lesions will be discussed.
Results: Liver cysts show homogeneous high (T2-weighted im-
ages) or low (T1-weighted images) SI and lack of contrast en-
hancement. Hemangiomas are markedly hyperintense on
T2-weighted images, show peripheral nodular enhancement in the
early phase of contrast enhancement, and filling in over time. With
SPIO CA a reduction of SI can be observed on delayed images.
Focal nodular hyperplasia (FNH) appear relatively isointense with
normal liver on all pulse sequences. In the early phase of enhance-
ment, marked increase of SI occurs that is fading rapidly over time.
On delayed images, contrast enhancement of the central scar may
be seen. With SPIO CA, FNH decreases in SI. Adenomas may be
slightly hyperintense on plain T1-weighted images. Their contrast
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behavior is similar to the enhancement pattern of FNH. However,
central scarring is not seen with adenoma. The enhancement pat-
tern after administration of SPIO is less well documented, but the
loss of SI on delayed images is less pronounced. Metastases show a
variety of morphologies and SI on plain T1 and T2-weighted im-
ages, including target signs, fuzzy margins, etc. Their contrast en-
hancement after bolus injection of extracellular agents depends
mainly on vascularity. There may be ring enhancement as well as
homogeneous enhancement. On delayed scans, peripheral washout
has been shown to be a specific sign of metastases. After adminis-
tration of SPIO CA, no enhancement is observed in metastases.
HCC and its precursors (e.g. dysplastic nodules) present a chal-
lenge. Typically, HCC is slightly hyperintense on plain T1 and T2-
weighted images whereas dysplastic nodules are hyperintense on
T1 and isointense on T2-weighted images. Both lesions show early
enhancement, but the SI increase of HCC is higher and stays
longer. Many HCC nodules have a hypointense capsule (at least the
encapsulated type of HCC. SPIO-enhanced MRI of HCC may
show a slight reduction of SI (well differentiated HCC) or no
change of SI (poorly differentiated HCC).
Conclusion: MRI is a powerful technique to characterize focal
liver lesions.

90
MR in prostate and lymph node tumour phenotyping
A. Heerschap, PhD, J. Barentsz, PhD; Department of Radiology,
University Medical Centre Nijmegen, Nijmegen, NETHERLANDS.

The presence, location, heterogeneous extent and stage of prostate
cancer are often difficult to determine based on prostate specific
antigen (PSA) levels, digital rectal examination and transrectal ul-
trasound alone. Benign diseases of the prostate frequently con-
found the diagnosis of prostate cancer. In the workup of patients
suspected of prostate cancer MR might provide essential contribu-
tions to several key diagnostic aspects, based on which treatment
decisions can be made. Such aspects are the presence of nodal
metastasis, the accurate localization of the tumor in the prostate,
staging (detection of extra prostatic cancer tissue), and image guid-
ance when negative biopsies occur in the presence of enhanced
PSA and detection of tumor recurrence after treatment. The appli-
cation of ultra small particles of iron oxide as MR contrast agent
has shown great potential to detect lymph node metastasis beyond
what is conventionally possible (1). T2 weighted (and T1 weight-
ed) imaging is useful to view prostate lesions but remaining ambi-
guities about the nature of these lesions is better solved with newly
developed MR methods such as dynamic contrast enhanced MRI
and 1H MR spectroscopic imaging (2-10). Accurate localization of
the tumor extent in the prostate is becoming increasingly important
in the context of intensity-modulated radiotherapy.
In this presentation the potentials and limitations of MR in the
characterization of prostate cancer will be discussed including key
elements in current data acquisition and analysis methods. An
overview will be given of results obtained so far and it will be
demonstrated that combinations of various MR methods in one ex-
amination provides important complementary functional diagnos-
tic information. Finally future perspectives of prostate MR at
higher field strengths will be indicated.
References: [1] Harisinghani M & Barentsz J et al. (2003) NEJM
348, 2491; [2] Kurhanewicz J, et al. [1996] Radiology 198:795-805
and [2002] JMRI 16, 451; [3] Heerschap A, et al. [1997] Anticancer

Res. 17:1455-60; [4] Jager GJ, et al. [1997] Radiology 203:645-52;
[5] Hittmair K, et al. [1994] Magn. Reson. Med. 31:567-71; [6]
Tofts PS, et al. [1999] J. Magn. Reson. Imag. 10:223-32; [7] Liney
GP, et al. [1999] NMR Biomed. 12:39-44.[8] Padhani et al [2001]
Radiology 218; 365; [9] Engelbrecht M, et al [2003] Radiology,
229, 248; [10] van Dorsten (2004), J. Magn. Reson. Imag., in press.
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Tractography - clinical value in the evaluation of intracranial
tumours
D. van Westen1, S. Brockstedt2, J. Lätt2, R. Wang3, T. Benner3, G.
Sorensen3, E. Larsson1; 1Department of Neuroradiology, Center of
Medical Imaging and Physiology, Lund, SWEDEN, 2Department
of Radiation Physics, Jubilee Institute, Lund, SWEDEN,
3Athinoula A. Martinos Center for Functional and Structural
Biomedical Imaging, MGH/MIT/HMS, Charlestown, MA; UNIT-
ED STATES.

Purpose: To assess the clinical value of white matter tractography
based on diffusion tensor imaging in intracranial tumours.
Subjects and Methods: Five patients (three male, two female,
mean age 49.9 years, range 33-71) with intracranial tumours were
studied at 3T (Siemens Allegra head scanner). Three patients had
supratentorial astrocytomas grade 2-3, one a low grade brainstem
glioma and one a meningeoma. A single-shot EPI diffusion tensor
sequence with diffusion encoding in 72 directions and maximum
diffusion sensitivity of 1000 s/mm2 was used. Approximately 60
contiguous slices with isotropic voxels (2.3 x 2.3 x 2.3 mm) were
acquired providing full brain coverage. Two-dimensional fractional
anisotropy (FA)-maps were calculated and from these three-dimen-
sional (3D) data sets were generated (see references). Multiple seed
regions of interest around the tumours were defined and fibre tracts
were reconstructed using FA threshold 0.3, angle threshold 70 de-
grees and vector step length 1.0 mm. Evaluation was performed in-
teractively with rotation of both the color-coded and the pure
black-and-white FA 3D datasets.
Results: The three supratentorial astrocytomas had a circum-
scribed tumour portion with low FA (<0.2) and no internal struc-
ture. Two of them caused displacement of adjacent fibre tracts; in
one of them fibres passed through the peripheral portion of the tu-
mour with moderately decreased FA values. In the third patient, fi-
bres passed through the peripheral tumour portion without major
displacement of adjacent fibre tracts. The brain stem glioma infil-
trated the entire brain stem according to conventional MRI. On
fibre tractography, superior-inferior fibre bundles, supposedly the
corticospinal tracts, traversed the area of tumour invasion (figure).
In the meningeoma, radiating structures were seen inside the tu-
mour, probably reflecting the internal structure of the tumour, and
surrounding tracts were displaced.
Discussion/Conclusion: White matter fibre tractography provides
additional information on displacement and involvement of white
matter fibre tracts adjacent to intracranial tumours. Fibre tractogra-
phy may also provide information about the internal structure of
some types of tumours, e.g. meningeomas.
References:
1. Basser PJ, Pajevic S, Pierpaoli C et al. Magn Reson Med. 2000
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Figure: Conventional image and fibre tractography for the patient
with glioma in the brainstem: (a) heavily T2-weighted coronal
image showing the tumour in the brain stem, (b) fibre tractography
in the coronal and (c) in the sagittal plane with intact corticospinal
tracts and cerebellar peduncles passing through the tumour. 
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Intracranial tumor classification with multimodal MR imag-
ing and spectroscopy
D. Galanaud1, F. Nicoli1, O. Chinot2, S. Confort-Gouny1, Y. Le
Fur1, P. J. Cozzone1; 1Crmbm cemerem umr cnrs 6612, Faculté de
Médecine, Marseille, FRANCE, 2Neuro oncology department,
CHU La Timone, Marseille, FRANCE.

Introduction: To evaluate the diagnostic potential of the combina-
tion of MR imaging and spectroscopy for the diagnosis of intra
axial tumors.
Patients and Methods: 180 patients with intracranial tumors
(gliomas, metastasis, lymphomas) were prospectively explored
with a combination of MR imaging (FLAIR, T1 with and without
contrast, diffusion and magnetization transfer imaging) and spec-
troscopy at long (135 ms) and short (20 ms) echo time. All patients
gave informed consent to participate in this study. Numerical data
were extracted from the MR images by the establishment of 4 im-
aging scores. Multivariate analysis was performed with principal
component analysis (PCA) on spectroscopy alone and the combi-
nation of MRI and spectroscopy.
Results: MRI and MRS data were of sufficient quality to be prop-
erly analyzed in 121 patients. Gliomatosis cerebri and metastasis
could be diagnosed with a sensitivity and specificity over 90% by
MR spectroscopy alone. This confirms our previous results on the
unique metabolic pattern of gliomatosis cerebri (Galanaud D et al.,
[2003] J. Neurosurg. 98:269-73). The combination of MRI and
MRS was effective for the diagnosis of lymphomas ( > 90% sensi-
tivity and specificity). Anaplastic astrocytomas (AA) could be
clearly differentiated from high grade gliomas but their was signif-
icant overlap between AA and low grade gliomas. Overall, the ad-
dition of MR imaging significantly improved the diagnostic value
of MR spectroscopy.
Discussion and Conclusion: MR imaging is an interesting addi-
tion to MR spectroscopy since it can provide a global analysis of
the lesions. This approach seems efficient to discriminate between
glial and non glial tumors. It is however limitated for the differen-
tial diagnosis between low grade gliomas and AA, two tumor types
often difficult to differentiate even by pathological analysis.
Whether the addition of perfusion imaging to this multivariate ap-
proach may help differentiate between these two entities remains to
be determined.
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Bagging decision trees for studying the discriminative power
of in vivo magnetic resonance spectra regions of brain tumors
J. Minguillón1, M. Julià-Sapé2, G. Mercadal2, À. Moreno3, C.
Arús2; 1Estudis d'Informàtica i Multimèdia, Universitat Oberta de
Catalunya, Barcelona, SPAIN, 2Departament de Bioquímica i
Biologia Molecular, Universitat Autònoma de Barcelona,
Cerdanyola del Vallès, SPAIN, 3Cdp, Centre Diagnòstic Pedralbes,
Esplugues de Llobregat, SPAIN.

Introduction: It has been shown that selected points from MR
spectra may be used for discriminating between brain tumor class-
es [1]. "Prior" biochemical knowledge or correlation analysis as in
[1] may be applied to select those points. Instead, we have investi-
gated the use of a bagging ensemble of decision trees to find classi-
fication variables that might remain hidden using correlation
analysis. A hierarchical structure with four stages was defined:
Given a sample: (A) is it a tumor? (B,C) if so, is it primary and/or is
it aggressive? (D) if so, is it glial?
Materials and Methods: A total of 277 1.5T short-echo (20-32
ms) spectra from 7 centers in 5 countries [2] were used in this
analysis:115 astrocytomas (22 grade II, 7 grade III, and 86 grade
IV), 38 metastases, 58 meningiomas, 7 oligodendrogliomas, 6
oligoastrocytomas, 3 pilocytic astrocytomas, 10 lymphomas, 9
primitive neuroectodermal tumours, 4 schwannomas and 5 heman-
gioblastomas, plus 22 normal volunteers (numbers will differ
slightly when a final dataset is used).
Protocols and processing were essentially as described in [1]. At
each stage, the peak height variables in the dataset were taken and a
limited depth decision tree [3] was built without any pruning using
the Gini index. For each split we ranked classification features ac-
cording to its splitting performance based on the number of times a
feature was selected and its position in the tree. Then, all variables
above a threshold were checked with an expert spectroscopist in
order to discard regions without feasible biochemical origin as in
[1]. Experiments were carried out using a bagging ensemble of 25
limited depth decision trees, with 5 repetitions for each experiment,
and results were averaged.
Results: The most discriminative spectral regions are shown in
Table 1. Results also suggest (not shown) that it is better to use re-
gions than single spectrum points.
Discussion: A promising method for variable selection to develop
classifiers, which might also be useful for detecting relevant bio-
chemical compounds for tumor characterization is shown here.
Despite results are not optimized and need to be thoroughly tested
with independent data, the high performance at the primary vs. sec-
ondary tumor stage (82.4 %) deserves further investigation.
References:
[1] A. R. Tate et al. Magnetic Resonance in Medicine. 49(1):29-36,
2003.
[2] http://carbon.uab.es/INTERPRET
[3] J. Minguillón. On Cascading Small Decision Trees. Ph.D
Thesis, 2002.
Acknowledgements:
We thank INTERPRET colleagues not specifically mentioned in
the co-author list.
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Table 1. Regions selected by the proposed method
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The added value of single-voxel proton magnetic resonance
spectroscopy data for brain tumour diagnosis. Preliminary re-
sults. 
V. Lefournier1, J. Underwood2, J. Bosson1, M. Julià-Sapé3, M. van
der Graaf4, F. Howe5, C. Majós6, À. Moreno7, C. Rémy1, C. Arús3;
1Unité Mixte INSERM U594, Université Joseph Fourier, Grenoble,
FRANCE, 2School of Cognitive and Computing Sciences,
University of Sussex, Brighton, UNITED KINGDOM,
3Departament de Bioquímica i Biologia Molecular, Universitat
Autònoma de Barcelona, Cerdanyola del Vallès, SPAIN,
4Akademische Ziekenhuis Nijmegen, Katholieke Universiteit
Nijmegen, Nijmegen, NETHERLANDS, 5MR Group, Department
of Biochemistry, Saint George's Hospital Medical School, London,
UNITED KINGDOM, 6Institut de Diagnòstic per la Imatge, Ciutat
Sanitària i Universitària de Bellvitge, L'Hospitalet del Llobregat,
SPAIN, 7Centre Esplugues, CETIR Grup Mèdic, Esplugues del
Llobregat, SPAIN.

Purpose: The INTERPRET project developed a clinical decision-
support system (DSS) to enable clinicians to easily use single-
voxel (SV) proton magnetic resonance spectroscopy (MRS) data
for brain tumour diagnosis. The clinical evaluation reported here
consisted of the assessment of the added value of brain tumour di-
agnosis obtained with this DSS versus conventional radiological
diagnosis.
Subjects & Methods: The SV short echo-time DSS was evaluated
at 8 institutions in 4 European Countries (Great Britain, Spain, The
Netherlands, France). The DSS provides a visual classification
overview and a large subset of validated MRS data. New data can
easily be compared with data from validated cases and with �typi-
cal� spectra for each pathology (Figure 1). The test set consisted of
16 cases from patients with brain tumours (6 high-grade gliomas, 3
low-grade gliomas, 3 metastases, 2 meningiomas, one medul-
loblastoma, one haemangioblastoma) chosen among cases unused
for DSS development. 20 radiologists tested the system reporting
on a block of 7 cases randomly selected among the test set. Nobody
reported cases explored at their institution. Participants received a
questionnaire with 14 possible diagnoses and were to mark their
confidence before and after using the DSS on a 6-category scale.
Conventional MRI interpretation was performed with pre and post-

contrast T1, and T2-weighted images and clinical information.
Accuracy of each diagnosis was established by comparison with
histopathological findings. Receiver-operating-characteristic
(ROC) curves with non-parametric area under curve (AUC) were
calculated. Differences in AUC were assessed with a X2 test
(p<0.05 significant).
Results: Using ROC, AUC for high & low-grade gliomas, metas-
tases, meningiomas, and haemangioblastoma were higher with the
DSS than with conventional MRI alone. However, the difference
was significant only for the medulloblastoma, where AUC signifi-
cantly improved from 0.50 to 0.82 (p=0.0014). Average AUC for
all cases (Figure 2) without (0.8814) and with DSS (0.9175) was
also significantly different (p=0.02), mostly due to the medul-
loblastoma case.
Conclusion: The SV short echo-time DSS can be considered easy-
to-use and can produce results rapidly enough to be practical in a
clinical context. It improved radiologists� confidence and accuracy.
Moreover, it seems to be particularly interesting when facing a rare
and atypical brain tumour with significantly improved diagnostic
accuracy, as shown with the medulloblastoma case.
Acknowledgements: Work funded by EU IST-1999-10310. We
thank the participation of INTERPRET colleagues not mentioned
in the coauthor list and radiologists at the non-INTERPRET evalu-
ating hospitals.

Figure 1: DSS display. Left: Database universe. Top right: hae-
mangiopericytoma case from the database. Bottom right: new hae-
mangiopericytoma case. For more information, see
http://carbon.uab.es/INTERPRET

Figure 2: ROC areas without (obs2) and with (syst2) use of the
DSS

Stage Ranges (ppm) Biochemical Compounds Classification
Accuracy

A [2.037, 2.056] N-Acetyl-containing com-
pounds, lipids

99.1 %

B [1.193, 1.308]
[2.612, 2.651]
[2.305, 2.363]

lipids, lactate
Asp, hypotaurine, 
macromolecules
Glx, macromolecules

82.4 %

C [1.193, 1.308]
[3.725, 3.782]
[2.382, 2.401]
3.207

lipids, lactate
Glx, Ala
Glx, macromolecules
Choline

78.4 %

D [2.267, 2.421]
[3.034, 3.073]
[3.322, 3.341]

Glx, macromolecules
Creatine
Taurine

83.4 %
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Brain tumor classification with single voxel 1H-MRS:
Comparison of diagnostic accuracy at short (30ms) and long
(136ms) echo times
M. Julià-Sapé1, C. Majós2, M. Serrallonga2, J. Acebes3, 
C. Aguilera2, C. Arús1; 1Departament de Bioquimica i Biologia
Molecular, Universitat Autonoma de Barcelona, Cerdanyola del
Valles, SPAIN, 2Institut de Diagnostic per la Imatge, Hospital
Duran i Reynals, CSU de Bellvitge, L'Hospitalet del Llobregat,
SPAIN, 3Servei de Neurocirurgia, Hospital Princeps d'Espanya,
CSU de Bellvitge, L'Hospitalet del Llobregat, SPAIN.

Purpose and Introduction: The optimal pulse sequence parame-
ters when using 1H-MRS for characterizing tumors are controver-
sial. In this study we have tested the influence of echo time (TE) in
the classification of the most common tumor types found in the
human brain.
Subjects and Methods: 151 patients with brain tumors were retro-
spectively reviewed (37 meningiomas, 12 low-grade astrocytomas,
16 anaplastic astrocytomas, 54 glioblastomas and 32 metastases).
Patients were selected from a consecutive series of 378 exams per-
formed in abnormal brain masses. Selection criteria were: a/ to
have a definitive diagnosis confidently established, b/ the diagnosis
to be one of the five tumor types included in the study, c/ to have
available all spectra required, and d/ the spectra to fulfill minimal
quality criteria upon visual inspection. Single voxel proton MR
spectroscopy at TE 30 and 136 ms was performed with PRESS in
all cases. Fitted areas (Figure 1) of nine resonances were normal-
ized to unsupressed water with MRUI. Tumors were classified into
four groups (meningioma, low-grade astrocytoma, anaplastic astro-
cytoma and glioblastoma-metastasis) with linear discriminant
analysis (LDA) and cross-validation performed with the leave-one-
out method with the SPSS 10.0 package. Assessment of differences
between classifier performance as compared to histopathology di-
agnosis at the two TE was carried out with the McNemar test and
performance of the combination of two echo times with the Chi-
Square test for proportions.
Results: There is only a small and statistically non-significant im-
provement obtained by using short TE over long TE spectra in the
classification of tumors into four groups (classification accuracy
short TE 123/151 [.81]; classification accuracy long TE 118/151
[.78]). The small improvement was also found when classifier per-
formance for individual groups was assessed in terms of sensitivity
and specificity. Results improved when predictions at long and
short TE agreed (coincident predictions 112/151 [.71], classifica-
tion accuracy for coincident predictions 105/112 [.94]). Statistical
significance was: short TE vs. coindent predictions, p=.008 ; long
TE vs. coincident predictions, p=.008. Meningioma was the only
group showing higher sensitivity (SE) and specificity (SP) at long
TE [SE .86, SP.97] than at short TE [SE .84, SP .95] albeit without
statistical significance.
Conclusion: Short TE provided slightly better tumor classification.
Accuracy improved significantly when coincident predictions at
both TE were considered. Therefore, evaluation of two TE for tu-
mour characterisation is advised.
Acknowledgements: Funding INTERPRET (IST-1999-10310),
MEDIVO (MCYT-SAF-2002-0440).

96
Comparison of single volume proton MR spectroscopy of
human brain and brain metastasis obtained at 1.5T and 3T
T. E. Sjøbakk1,2, T. Singstad3, A. Svarliaunet3, S. Lundgren2, 
I. Gribbestad2; 1Dep. of Neuroscience, Norwegian University of
Science and Technology, Trondheim, NORWAY, 2Cancer Clinic,
St.Olavs University Hospital, Trondheim, NORWAY, 3Dep.of
Radiology, St.Olavs University Hospital, Trondheim, NORWAY.

Introduction: Proton MR spectroscopy at higher field strength has
theoretically an advantage of higher signal-to-noise-ratio (SNR)
and improved spectral resolution. The aim of this study was to in-
vestigate the improvement of SNR and resolution at higher mag-
netic field using standard clinical instrumentation.
Methods: Spectra from phantom, volunteers and patients with
brain metastasis were acquired at both a 1.5T Siemens Magnetom
Symphony, and a 3.0T Phillips Gyroscan Intera system, using stan-
dard clinical head coils. Ten healthy volunteers (age 40±9) and
three patients (age 63±7) went directly from one system to the other
at the same day. Spectra were obtained from a 15 mm3 single vol-
ume (VOI), using PRESS pulse sequence with NS=192, TR 2000
ms and TE 30(1.5T) /32(3T) or 144 ms. Spectra were processed
using jMRUI. SNR and resolution (the distance between Cho and
Cr peaks) were calculated for each spectrum.
Results: Improvement in spectra resolution was highest for phan-
tom (30%) and healthy volunteers (20%), while no clear difference
was seen for the three patients at higher field. The SNR increased
in phantom (up to 100% for NAA), less in volunteers (Table 1)
while reduction was observed for most of the patient spectra at
higher field strength (Table 1). Spectra from a patient with brain
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metastases from lung cancer are shown in fig. 1.
Discussion: The results show some improvement in SNR and reso-
lution at higher field strength for the volunteers, however, minor
changes were documented for the patients. The SNR and spectral
resolution dependency on T2 relaxation times and field homogene-
ity might reduce the positive effect of higher field strength on spec-
tra from heterogeneous brain tumour regions.
Table 1. Comparison of SNR for each metabolite at 3T and 1.5T
for individual patients (PV) and ten healthy volunteers (HV).
Resolution is calculated by the formula x=c-((a/2+b/2)/TF) where
x=resolution (ppm) , c=distance between peaks (ppm), a=Cho and
b=Cr peak linewidth (Hz), TF=Transmitter Frequency (Hz).
n.d.=not detected.

Fig.1. Spectra of brain metastases (lung cancer) obtained using TE
32 (a) and TE 144 (b) at 3T, TE 30 (c) and TE 144 (d) at 1.5T sys-
tem, from the selected VOI (e).
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Proton MRSI in differential diagnosis of pediatric brain le-
sions 
A. Horska1, R. Hourany1, S. Albayram1, J. Okoh1, E. Melhem2, 
K. Cohen3, J. Weingart4, B. Carson4, M. Wharam5, P. Burger6, 
L. Aronson3, P. Barker1; 1Radiology, Johns Hopkins University,
Baltimore, MD, 2Radiology, University of Pennsylvania,
Philadelphia, PA, 3The Sidney Kimmel Comprehensive Cancer
Center, Johns Hopkins Hospital, Baltimore, MD, 4Neurological
Surgery, Johns Hopkins Hospital, Baltimore, MD, 5Radiation
Oncology, Johns Hopkins Hospital, Baltimore, MD, 6Department
of Pathology, Johns Hopkins University, Baltimore, MD; UNITED
STATES.

Purpose/Introduction: Non-invasive diagnosis of pediatric brain
lesions is important for the correct choice of treatment. The aims of
the current study were to a) investigate whether in-vivo proton
magnetic resonance spectroscopic imaging (MRSI) can aid in dif-

ferentiating between tumors and non-neoplastic brain lesions, and
b) between high-grade and low-grade tumors in children.
Subjects and Methods: We retrospectively examined 32 children
with primary brain lesions (age=10 ± 5 years, 20 boys). Nineteen
patients had a neuropathologically confirmed brain tumor and thir-
teen patients had a benign stable lesion.
MRI and multislice MRSI (1) were performed at 1.5 T before any
treatment. Three or four oblique axial slices were measured with
slice thickness/gap=15 mm/2.5 mm, TR/TE=1700 (or 2300)/280
ms. Spectra were evaluated in the lesion and in the contralateral
normal appearing parenchyma. Ratios NAA/Cho, NAA/Cr and
Cho/Cr were evaluated from areas under the respective signals.
Normalized lesion peak areas (Chonorm, Crnorm, and NAAnorm)
expressed relative to the contralateral hemisphere were also evalu-
ated.
To compare metabolite levels among tumors, lesions, and normal
tissue, ANOVA with Fisher�s PLSD post-hoc test was applied.
Statistical significance was set to p<0.05. Data are presented as
means ± standard deviations.
Results: Average metabolite ratios in lesions of all types were sig-
nificantly different from normal brain tissue in the contralateral
hemisphere. Average Cho/Cr ratios in high-grade tumors (2.1 ± 1.0,
n=8) and low-grade tumors (2.1 ± 0.7, n=11) were 50% higher than
average Cho/Cr in non-neoplastic lesions (P=0.01 and P=0.005, re-
spectively). High-grade tumors had a 67% higher Chonorm than
low-grade tumors (P=0.008) and a 45% higher Chonorm than non-
neoplastic lesions (P=0.02).
Discussion/Conclusion: This study demonstrates a promising role
of proton MRSI for distinguishing pediatric brain tumors from sta-
ble non-neoplastic lesions, and high-grade tumors from low-grade
tumors. Proton MRSI may have an important diagnostic value, par-
ticularly in inoperable or inaccessible lesions.
References:
[1] Duyn JH, et al. Radiology 1993;188:277-282.
[2] Tzika AA, et al. J Neurosurg 2002;96:1023-1031.
[3] Hwang JH, et al. AJNR 1998;19:535-540.
[4] Wang Z, et al. AJNR 1995;16:1821-1833.
[5] Lazareff JA, et al. Childs Nerv Syst 1996;12:130-5.
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The value of high-field MRI (3T) in the assessment of sellar
lesions
K. Pinker1, A. Ba-Ssalamah1, S. Wolfsberger2, V. Mlynarik1, 
E. Knosp2, S. Trattnig1; 1MR Centre of Exellence, Medical
University Vienna, Vienna, AUSTRIA, 2Neurosurgery, Medical
University Vienna, Vienna, AUSTRIA.

Purpose: The aim of this study was the evaluation of the normal
sellar anatomy in-vitro and in-vivo on high-field MRI and its appli-
cation in the diagnosis of sellar and parasellar pathologies in com-
parison to standard MRI.
Material and Methods: All high-field MR images were obtained
using a 3 Tesla Bruker Medspec 30/80 Scanner with a head bird-
cage transmit/receive coil and an actively shielded gradient system
with a maximum gradient strength of 45mT/m. Firstly an in-vitro
study of the sella turcica was performed to depict normal pituitary
and sellar anatomy at high fields. After a pilot-study this sequence-
protocol was established:For T2-weighted coronal, axial and sagit-
tal images RARE sequence (TR/TE= 7790/19ms; matrix size 512 x
512; RARE factor= 8, FOV 200mm) was used.For acquisition of
T1-weighted pre- and post-contrast images a 3D gradient echo se-
quence with magnetization-preparation (MP-RAGE, TR/TE/TI=
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33.5/7.6/800 ms, matrix size 512 x 512; FOV 200mm, effective
slice thickness1.88 mm; 3 averages) was used.Between January
2002 and March 2004 fifty-eight patients gave written informed
consent to participate in this study and underwent examination.
Results: High-field MRI revealed microadenomas in 7 patients
with a median diameter of 4mm (range 2-9 mm). In 14 patients
MRI revealed macroadenomas of the pituitary with a median width
of 22 mm (range 14-32 mm) and a median height of 21 mm (12-39
mm). The infiltration of the medial cavernous sinus wall was sus-
pected on standard MRI in 15 cases (47%), on high-field MRI in 9
cases(28%) and could be verified by intraoperative findings in 6
cases(19%). Accordingly, sensitivity to infiltration was 83% for 3 T
and 67% for standard MRI. Specifity was 84% for 3 tesla and 58%
for standard MRI. The segments of the cranial nerves were seen as
mean 4 hypointense spots (range 2-5 spots) on high-field MRIin
contrast to 3 spots (range 0-4 spots) on standard MRI. This differ-
ence was statistically significant (p<0.001, Wilcoxon rank sum
test). The histopathological results reveiled pituitary adenoma in 16
patients and non-adenomatous sellar pathologies such as rathke´s
cleft cyst,sarcoidosis,meningeoma and metastasis.
Conclusion: High-field MRI is superior to standard MRI for diag-
nosis and surgery of sellar lesion, especially in the detection of mi-
croadenomas and the visualization of intrasellar and parasellar
structures. Moreover , due to its higher resolution 3 TMRI was able
to delineate parasellar anatomy to a detail , which particularly help-
ful in the evaluation of the medial wall of the cavernous sinus
(Fig.1).
Infiltration of the medial cavernous sinus border on 32 sides in 16
patients
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in vivo 1H-[13C] NMR spectroscopy of glial and neuronal neu-
rotransmitter metabolism
P. van Eijsden1, K. Behar2, R. A. de Graaf3; 1Rudolf Magnus
Institute for Neuroscience, University Medical Center Utrecht,
Utrecht, NETHERLANDS, 2Psychiatry, Yale University School of
Medicine, New Haven, CT, 3Diagnostic Radiology, Yale University
School of Medicine, New Haven, CT; UNITED STATES.

Purpose/Introduction: 1H-[13C] MRS is a powerful tool to quanti-
fy metabolic fluxes by following the metabolic fate of a 13C label
after administration of a 13C labeled compound. Figure 1 shows a
simplified diagram of GABA metabolism, with black and grey cir-
cles indicating 13C label originating from [U-13C6]-glucose after one
and two turns of the TCA cycle respectively. [2-13C]-acetate is an
alternative substrate exclusively entering the glial compartment.
Both substrate enter the TCA cycle, labeling 2-oxoglutarate, which
quickly metabolizes to glutamate. In glutamatergic neurons, gluta-
mate can be released, establishing a link between energy metabo-
lism and excitatory neurotransmitter metabolism2. In GABAergic
neurons, glutamate is converted to GABA, the major inhibitory
neurotransmitter2. Our aim is to quantify neuronal and glial GABA
metabolism, in vivo at 9.4 T.
Subject and Methods: Male Wistar rats were anaesthetized, venti-
lated and infused with [U-13C6]-glucose or [2-13C]-acetate. A 9.4 T
Magnex magnet and Bruker console were used for MR experi-
ments. A 14 mm surface coil was used for 1H RF pulse excitation
and signal reception, with two orthogonal 21 mm surface coils for
13C editing and decoupling (6600 Hz bandwidth). Adiabatic water
suppression was used in combination with 3-D localization (180
µl) by OVS, ISIS and slice-selective excitation1.
Results: Figure 2A and B show 1H-[13C] spectra, 2 hours following
infusion of [U-13C6]-glucose and [2-13C]-acetate respectively, with
an in vitro spectrum of a GABA solution shown in the bottom
panel. Despite the low concentration of GABA (0.8-1 mM) in vivo,
the 13C labeled resonances of GABA are visible at 2.28 ppm (H2),
1.89 ppm (H3) and 3.01 ppm (H4). The turnover curves show the
expected sequential labeling of GABA-H2 followed by GABA-H3
and GABA-H4. These curves are modeled with a 4-compartment
metabolic model to give absolute metabolic fluxes.
Discussion/Conclusion: We show that it is possible to quantify
GABA turnover in vivo in the rat brain with 1H-[13C] MRS at 9.4 T
from a relatively small volume for neurons and glia separately. This
enables investigation of the contribution of excitatory and inhibito-
ry neurotransmission to the stoichiometric coupling of energy me-
tabolism and neuronal activation3. It also has some interesting
clinical implications, since perturbed GABA and glutamate metab-
olism have been implied in i.e. epilepsy2.
Research supported by NEF and NIH grant RO1-EB002097, DK-
27121, NS-34813
[1] de Graaf RA [2003] MRM 49:37-46
[2] Novotny EJ [2003] Ann Neurol 54: (Suppl 6) S25-S31
[3] Sibson NR [1998] PNAS 95: 316-321

Medial Border 3 T MRI Standard
MRI

Intraoperative 
findings

intact 23 (72%) 17 (53%) 26 (81%)

infiltrated 6 (19%)
correlation w/ 
operative findings

84 % 59 %

PPV 55 % 27%

NPV 96 % 88 %
sensitivity 83% 67%
specifity 84 % 58 %
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In Vivo Spectroscopy at 11.7 Tesla
J. Shen1, J. Yang1, S. S. Li2, S. Xu1; 1Mib, NIMH, Bethesda, MD,
2Spectroscopy Core, NIMH, Bethesda, MD; UNITED STATES.

Purpose: The purpose of this work is to demonstrate sensitivity
and spectral resolution achieved at 11.7 Tesla for in vivo spec-
troscopy of rat brain. Short-TE localized proton spectroscopy was
developed using a fully adiabatic PRESS method, which was fur-
ther modified for proton-detection-carbon-13-editing experiments.
A novel proton editing technique was also proposed for robust in
vivo measurement of GABA before and after acute inhibition of
GABA transaminase.
Methods: All experiments were performed on an 11.7 Tesla wide-
bore (89 mm) spectrometer equipped with a 56 mm-i.d. gradients.
Male Sprague-Dawley rats (150-190g) were anaesthetized and
maintained at normal physiological conditions. The rat brain was
shimmed using FLATNESS to correct all first order, all second
order, and z3, z2x shims. For GABA-transaminase inhibition experi-
ments, vigabatrin (500 mg/kg, 0.6 cc, i.v.) was administered imme-
diately after the baseline spectrum was acquired. For

proton-detection-carbon-13-editing experiments, 1-13C-glucose
was infused intravenously after 18-24 hr fasting. The short-TE (15
ms) fully adiabatic PRESS pulse sequence used an adiabatic half-
passage pulse for excitation and six sech pulses for slice-selective
refocusing along x, y and z. For carbon-13 editing, an additional
sech pulse was turned on and off to edit protons attached to carbon-
13. For proton editing of GABA, the thermal equilibrium GABA-4
signal and signals overlapping it were presaturated first. The "edit-
ed" GABA-4 signal was subsequently regenerated anew from ther-
mal equilibrium magnetization of GABA-3 using the new selective
homonuclear polarization transfer method.
Results: Fig. 1 shows a typical short-TE in vivo proton spectrum
obtained from the rat brain at 11.7 Tesla (NS = 256, LB = 1 Hz, 50
µL). PCr and Cr methylene proton signals at 3.93 and 3.92 ppm
were resolved without using any resolution-enhancing window
functions. Fig. 2 shows the effects of 1-13C glucose infusion (NS =
128, LB = 2 Hz, 50 µL, upper: 13C pulse off; middle: 13C pulse on;
lower: subtraction of middle trace from upper trace). [2-13C]GABA
at 2.30 ppm was detected. Fig. 3 shows the effect of acute vigaba-
trin administration measured using the new GABA editing method
(NS = 256, LB = 5 Hz, 50 µL, lower: prior to vigabatrin injection;
middle: 1 hr after vigabatrin injection; upper: 2 hr after vigabatrin
injection).
Conclusion: Robust and reproducible in vivo spectroscopy data
were obtained at 11.7 Tesla which should facilitate in vivo studies
of neurochemical processes with enhanced sensitivity and spectral
resolution.
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Faster glucose conversion with no change in neurotransmitter
synthesis rate found in creatine kinase deficient mouse brain
using 13C MRS in vivo
W. K. J. Renema1, D. W. J. Klomp1, A. A. Veltien1, F. Oerlemans2,
B. Wieringa2, A. Heerschap1; 1Radiology, University Medical
Center Nijmegen, Nijmegen, NETHERLANDS, 2Cell Biology,
University Medical Center Nijmegen, Nijmegen, NETHERLANDS.

Introduction: Although Creatine kinase (CK) catalysed ~P-trans-
fer between ATP and PCr fulfils an important role in cellular ener-
gy metabolism, the consequences of complete lack of CK in muscle
can be overcome by adapting a more glycolytic phenotype [1]. We
studied here if similar adaptational responses occur in mice with
complete deficiency of brain-type CK isoforms (B-CK/UbmitCK--
/-- mice [2]) Since neurotransmitter metabolism is tightly coupled
to energy metabolism in the brain [3,4], we developed in vivo 13C

MRS with high temporal resolution to monitor effects of CK ab-
sence on both glucose uptake and synthesis of several neurotrans-
mitters. Results of comparison of B-CK/UbmitCK--/-and wild-type
(wt) mouse brains are being presented.
Methods: MRS measurements were performed at 7.0 T. A home-
build 1H birdcage coil designed for mouse brain was used together
with a 13C surface coil for transmitting and receiving the carbon
MR signals. Pulse-acquire experiments with Waltz4 decoupling
were performed before, during and until 3 hours after a 10 min. in-
fusion in the tail vein of [1-13C]-glucose (1 M) according to a proto-
col by Peled-Kamar et al [5]. Glucose signals in
B-CK/UbmitCK--/-- (n=10) and wt (n=13) animals were fitted di-
rectly, while incorporation of 13C label into other metabolites was
fitted after subtraction of the MR spectrum before infusion using
jMRUI [6] (n=4 each).
Results: High temporal resolution time plots (2.5 min; Fig 1) show
that B-CK/UbmitCK--/-- brains display an immediate glucose
clearance, whereas in wt brains there appears to be a brief delay.
Subtraction spectra (Fig. 2) show conversion of glucose into sever-
al other metabolites. Time curves of incorporation of 13C into Glu4,
Gln4, Glu3, Gln3 and Glx2 (= Glu2 + Gln2) (Fig. 3; fitted with a
temporal resolution of 10 min; n = 4 each for wt and B-
CK/UbmitCK--/-- mice) showed no large differences between mu-
tants and controls.
Discussion/Conclusion: Our results demonstrate that in vivo 13C
MRS can be used as a convenient tool to follow glucose conversion
and neurotransmitter recycling in the mouse brain in vivo. The ear-
lier onset of glucose conversion may point to a higher glycolytic
capacity in B-CK/UbmitCK--/-- mice, possibly without increase in
TCA cycle rate as deduced from the Glu4 synthesis rates.
References:
[1] Steeghs et al. Cell,1997.
[2] in �t Zandt et al. J Neurochem,2004.
[3] Sibson et al. PNAS,1998.
[4] Gruetter Neurochem Int,2002.
[5] Peled-Kamar et al. Brain Res,1998.
[6] http://www.mrui.uab.es/mrui/
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Hypoxia-induced metabolic alterations in hippocampal slices
are fully reversible by reperfusion: a 13C NMR isotopomer
analysis
J. N. Duarte1, R. A. Cunha1, R. A. Carvalho1,2; 1Biochemistry,
Center for Neurosciences and Cellular Biology, Coimbra, POR-
TUGAL, 2Department of Biochemistry, Faculty of Sciences and
Technology, University of Coimbra, Coimbra, PORTUGAL.

Introduction: Hypoxia rapidly compromises neuronal function in
brain tissue: cellular ATP levels decrease, excitatory amino-acids
are released and cellular ion gradients collapse, with resulting
membrane depolarization (Trends Neurosci 17, 251). It has been
shown that severe and mild hypoxia have some effects on labeling
and on pool sizes of TCA-cycle-related amino acids, and induce
large increases in the labeling of lactate and alanine as well as an
increase in the pool size of lactate (Biochem J 291, 915). 13C NMR
isotopomer analysis has proven to be a powerful tool for monitor-
ing changes in intermediary metabolism. In this study we evaluated
the effects of hypoxia in intermediary metabolism using hippocam-
pal slices superfused with the tracers [2-13C]acetate and [U-13C]glu-
cose.
Methods: Hippocampal slice superfusion: male Wistar rats (6
weeks old) were anesthetized with halothane and decapitated.
Hippocampal slices were prepared with 400µm thickness. After a
45min resting in a Krebs solution gased with 95%O2/5%CO2, at
room temperature, the slices were superfused (3mL/min) with the
same solution during 60min, at 37ºC, to stabilize. The slices were
then superfused during 90min with this medium plus 50µM 4-

amino-pyridine (4-AP), to allow slice stimulation, either in nor-
moxic or hypoxic conditions (perfusate bubbled with
95%N2/5%CO2). Finally, slices were superfused during 3hours in
normoxic conditions with a medium containing 4-AP, 5.5 mM [U-
13C]glucose and 2 mM [2-13C]acetate. 13C NMR: Perchloric acid ex-
tracts of hippocampal slices were lyophilized, dissolved in 600µL
D2O and pH adjusted to 7.0. Proton decoupled 13C NMR spectra
were acquired at 125.7 MHz on a Varian Unity-500 spectrometer
using a 5mm broadband NMR probe, a 45º observe pulse, and a 3s
interpulse delay. NMR spectra were processed using the PC-based
software NUTS�.
Results/Discussion: The figure shows the expansions of glutamate
C4 and GABA C2 resonances from 13C NMR spectra of extracts
from superfused hippocampal slices.
We did not find any significant differences in the multiplet compo-
nents of glutamate C4 and GABA C2 between hypoxia plus reper-
fusion and normoxia. Thus, we conclude that the possible
metabolic modifications that occur in hippocampal slices during
hypoxia are reverted during the reperfusion period, as occurs with
the hypoxia-induced decrease in synaptic transmission (J Neurosci
21, 8564). When comparing the multiplet components between
glutamate C4 and GABA C2 resonances we conclude that multi-
ply-enriched isotopomers are more abundant in GABA, which is
consistent with a higher GABAergic relative to glutamatergic ac-
tivity in the hippocampus. 
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Quantitative modelling of H3 hydrogen turnover in (2-13C) glu-
tamate and (2-13C) glutamine during (2-13C) acetate metabo-
lism in the adult rat brain
A. Sierra1, L. Lopes da Fonseca2, P. Ballesteros3, S. Cerdan1;
1Molecular Structure and Function, CSIC, Madrid, SPAIN,
2Metabolic Engineering, ITQB, Lisbon, PORTUGAL, 3Organic
Synthesis and Molecular Imaging, UNED, Madrid, SPAIN.

Purpose/Introduction: 13C NMR measurements of carbon-13
turnover during the metabolism of 13C labelled acetate have been
used to investigate the neuronal and glial tricarboxylic acid cycle
rates, assuming single compartment kinetics and fast α-ketoglu-
tarate/glutamate equilibration. More recently, we have shown that
the faster timescale of (1H,2H) 13C NMR measurements allows to re-
solve the corresponding cytosolic and mitochondrial components
demonstrating a slow a-ketoglutarate/glutamate exchange in the
hydrogen turnover timescale. Here we provide the first quantitative
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interpretation of the turnover of the H3 hydrogens of (2-13C) gluta-
mate and (2-13C) glutamine during metabolism of (2-13C) acetate in
the adult rat brain, a substrate metabolized mainly in the glial com-
partment.
Subjects and Methods: Male Wistar rats (150-200g) were placed
in metabolic cages, fed ad libitum received 50% 2H2O as drinking
water ten days before the infusion of (2-13C) acetate (32 µmol.
min-1.100g-1). (2-13C) acetate was infused for increasing periods of
time up to 90 minutes. 13C NMR spectra (11.9 Tesla, 220C, pH:7.2)
of brain extracts depicted clearly detectable 2H-13C couplings and
isotopic shifts. It was possible to obtain the complete time courses
for the (i) perprotonated (2-13C) glutamate and glutamine singlets
(55.44 and 54.94 ppm), (ii) (2-13C, 3-2HproS) glutamate and gluta-
mine shifted singlets (55.35 and 54.88 ppm) and (iii) (2-13C, 3-2H2)
glutamate and glutamine doubly shifted singlets (55.28 and 54.78
ppm). The time courses of H3 deuteration were fitted with MAT-
LAB to a Michaelis-Menten model of H3 turnover (Fig. 1A) to de-
rive quantitative values for the kinetic parameters.
Results: The best fit of the time courses of deuteration of H3 gluta-
mate and glutamine to the model shown in Fig. 1A are shown in
Figs 1B and 1C, respectively. The following results (Glu;Gln)were
obtained (P1 0.46;0.50, P2 3.40;2.03, P3 4.28;1.95, P4 1.56e-
04;1.3e-03, P5 2.76;4.71, P6 0.067;0.047, P7 0.616;0.83, P8
1.514e-03;8.46e-04, P9 0.35;0.053, P10 0.52;0.182, P11 1.61e-
03;6.64e-04, P12 1.865;1.92).
Discussion/Conclusion: It was possible to fit the results, only
when assuming two slowly exchanging pools of monodeuterated
H3 glutamine and glutamate. One of them (presumably mitochon-
drial) was metabolized in the Krebs cycle faster than the other (pre-
sumably cytosolic) and the deuteration of one, inhibited non
competitively deuteration of the other. Our results confirm the slow
exchange of ketoglutarate/glutamate between cytosol and mito-
chondria and provide the first quantitative interpretation for hydro-
gen turnover in the intact brain.
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Study of the rate constant of creatine kinase in the rat brain
under condition chronic hypertension: an animal model 
S. Kasparova1, S. Zbyn2, N. Zilka3, T. Liptaj1, V. Mlynarik2;
1Central Laboratory of NMR, Slovak Technical University,
Bratislava, SLOVAKIA, 2Radiology, Derer Faculty Hospital,
Bratislava, SLOVAKIA, 3Institute of Neuroimunology, Slovak
Academy of Science, Bratislava, SLOVAKIA.

Introduction: The relation between chronic hypertension and
aging has not yet been completely clarified. Our previous study
showed that the pseudo first-order rate constant, kfor of the creatine
kinase (CK) reaction can be measured by magnetization transfer in
vivo 31P MRS in rat brains during chronic cerebral hypoperfusion.
We proved that kfor is a very sensitive parameter on oxidative
stress in chronic hypoperfusion (3-vessel occlusion model) in aged
rats. The aim of these experiments was to demonstrate that kfor
also changes in the brain energy metabolism in spontaneously hy-
pertensive rats (SHR) suffered from moderate or severe chronic hy-
pertension and ageing.

Subjects: 10 and 24 month-old (adult and aged, respectively) fe-
male Wistar rats, 6 adult rats (10 mths old) with moderate hyperten-
sion (SHR) and 6 adult rats with severe hypertension (SHR rats on
1% NaCl diet) were used in all experiments.
Methods: 31P MRS saturation transfer measurements were per-
formed on a 4.7 T 200/330 SISCO scanner. The saturation was ac-
complished by the DANTE pulse sequence. The kfor was
calculated according to the equation: kfor = [1 - M*(PCr)/M0(PCr)
] / T1app(PCr), where M0(PCr) and M*(PCr) are the PCr signal in-
tensities taken from the reference spectrum with no γ-ATP irradia-
tion and after 10-second irradiation of the γ-ATP resonance,
respectively, and T1app(PCr) is the apparent longitudinal relax-
ation time of the PCr signal in the presence of the γ-ATP saturation.
Results: There were not significant changes in the rate constant,
kkor, in SHR rats with moderate hypertension compared to con-
trols. We found significant changes of kfor in the brain of animals
having severe hypertension (Table 1). Our results also show a sim-
ilar decrease of kfor in aged rat brains.
Discussion and Conclusion: The high-salt diet induced an in-
crease of high blood pressure that led to severe atherosclerosis, left
ventricular hypertrophy and deterioration of renal function.
Thickening the arterial walls has a dentrimental effect on cells with
high energy requirements such as neurons. Atherosclerotic changes
may accelerate the impairment of energetic metabolism, that was
confirmed in our experiments, where decreasing CK activity was
found in the brain of SHR rats suffered from severe hypertension.
In accordance with our results we suppose that severe hypertension
may induce metabolic changes in adult animals similar to those ob-
served in aged animals. In vivo measurement of CK activity may
serve as a marker for detecting these conditions in aged people and
hypertensive patients.
Table 1.
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Redox dependence of Lactate C2 deuteration and lactate recy-
cling in C6 glioma cells in culture
T. B. Rodrigues, H. L. Gray, S. Garrido, M. Benito, S. Cerdan;
Molecular Structure and Function, CSIC, Madrid, SPAIN.

Purpose/Introduction: Tumor cells are known to metabolize glu-
cose provided by the neovascularization mainly to lactate.
Intracellular lactate produced by glycolysis may then be extruded
to the extracellular space (with a H+) through the reversible MCT1
transporter, causing lactate accumulation and acidification of the
extracellular space. However, because of MCT1 reversibility it is
also possible that the accumulated extracellular lactate returns to
the intracellular space, establishing then a futile cycle of lactate and
protons through the plasma membrane. We have previously report-
ed a (1H,2H) 13C method to measure lactate recycling through the
plasma membrane. Here, we report on the dependence of lactate C2

Group of animals number of 
animals

kfor [s-1] T1 (PCr) [s]

Adult 10 month, controls 6 0.38 + 0.02 3.5 + 0.02

Adult 10 month SHR 6 0.34 + 0.03 3.0 + 0.03

Severe hypertension 10
month

6 0.31 + 0.04 3.0 + 0.7

Aged 24 month controls 6 0.31 + 0.03 3.2 + 0.3
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deuteration and recycling from the intracellular redox state.
Subjects and Methods: C6 cells were grown to confluence in
DMEM. Incubations were performed in KHB (50%2H2O) with 1)
5 mM [3-13C] lactate, 2) 3.98 mM [U-13C] lactate + 2.5 mM [1-13C]
glucose; 2) 3.93 mM [2-13C] pyruvate + 2.5 mM [1-13C] glucose or
4) 2.5 mM (1-13C) glucose only for up to 48 hs. Aliquots from the
medium were prepared for 13C-NMR analysis. 13C-NMR spectra
were acquired at 125.13 MHz in Bruker AVANCE 11.9 T WB spec-
trometer. Multiplet areas of each resonance were deconvoluted
using the line-fitting subroutine of the PC-based NMR software
WINDAISY, and the glucose consumption and lactate production
were determined using 13C isotopomer analysis.
Results: Lactate recycling through the plasma membrane can be
measured, because the 2H incorporation in the Lactate C2 through
the intracellular LDH equilibrium, results in a vicinal isotopic shift,
affecting only in those lactate molecules that have passed through
the cytosolic space (Fig. 1 arrows). Present results show that the
deuteration observed in Lactate C2 depends on the red-ox state of
the cytosol. Reduced cytosolic redox (with lactate or glucose and
lactate as substrates, upper panel) induces C2 deuteration while ox-
idized cytosolic redox (with pyruvate and glucose as substrates)
does not.
Discussion/Conclusion: Deuteration of Lactate C2 is derived nec-
essarily from NAD(2H) and therefore sensitive to changes in cy-
tosolic redox state, depending on the oxidation state of the
substrates presented. Our results are consistent with the deuteration
of cytosolic NAD(P)2H being performed mainly by a redox de-
pendent irreversible enzyme, such e.g. malic enzyme. Inhibition of
C2 deuteration does not appear to inhibit completely C2 lactate
protonation and recycling.
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Altered metabolite levels in the hippocampus of Zucker
Diabetic Fatty rats assessed by 1H Magnetic Resonance
Spectroscopy 
J. J. A. van Asten1, M. van der Graaf1, S. W. J. Janssen2, J. A.
Pikkemaat1, G. J. M. Martens2, A. Heerschap1; 1Radiology,
University Medical Center, Nijmegen, NETHERLANDS,
2Molecular Animal Physiology, Radboud University Nijmegen,
Nijmegen, NETHERLANDS.

Introduction: Localized in vivo 1H-MRS was used to investigate
the hippocampus of the Zucker Diabetic Fatty (ZDF) rat, an animal
model for type-2 diabetes mellitus. The hippocampus, involved in
learning and memory, is assumed to be the main brain area affected
by this disease. This study focused on possible long term metabolic
changes in the hippocampus of ZDF rats, aged from 20 to 28
weeks.

Material & Methods: Five Male ZDF rats (ZDF/GMI-fa/fa) and
five lean Zucker rats (ZDF/GMI-+/?) used as control group, were
subjected to localized 1H-MRS in a SMIS 7T MR spectrometer. A
voxel of 8.67 ul was localized in the hippocampus using the
STEAM (TE/TM/TR=10/20/6000ms) sequence. Water suppression
was accomplished by the VAPOR method. The spectral region
from 1.0 to 5.5 ppm was analyzed and quantitated by LCModel
using the water content as a reference. Differences in metabolite
levels were statistically analyzed by an unpaired two-tailed t-test
assuming unequal variances. P-values less than 0.05 were accepted
as being significant.
Results: Figure 1 shows the summed 1H-MR Spectra from the
ZDF and the control rats. Together with an almost 5-fold increase
in blood glucose concentration, significant increases were found in
the hippocampal concentrations of glucose (4.93 vs 1.66 mM;
P<0.001), myo-inositol (6.52 vs. 4.30 mM; P<0.05), and total crea-
tine (12.71 vs 10.50 mM; P<0.05) in ZDF rats compared with litter
mates.

Discussion: The metabolite concentrations of the control rats are in
line with values presented by Tkác et al. for the hippocampus of 4-
weeks old Sprague-Dawley rats [1]. Although an increase is ob-
served for brain tissue glucose in the ZDF rats, this increase is less
severe than expected from hyperglycemia experiments in non-dia-
betic rats [2]. This may reflect reduced glucose uptake due to a de-
crease in the amount of glucose transporters at the blood-brain
barrier. The increase of tCr in ZDF rats may be explained by its
function of preserving the osmotic equilibrium between tissue and
blood. No decrease in NAA+NAAG level was found, in contrast to
another study on a diabetic rat model [3], which however may be
due to differences in brain areas examined. The increase in Glc and
Ins levels is in agreement with elevated brain concentrations of
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these metabolites in patients with diabetes mellitus.
References:
[1]Tkác I, et al, Magn. Reson. Med. 2003; 50:24-32.
[2]Choi IY, et al, J. Cereb. Blood Flow Metab. 2001; 21:653-663.
[3]Biessels GJ, et al, Diabetologia 2001; 44: 346-353.
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Calf muscle BOLD f-MRI : Comparison of healthy volunteers
and Grade II PAOD Patients. Initial results
H. P. Ledermann1, W. Steinbrich1, H. G. Heidecker1, A. Schulte1,
M. Aschwanden2, K. Jaeger2, D. Bilecen1; 1Department of
Diagnostic Radiology, University of Basel, Basel, SWITZER-
LAND, 2Department of Angiology, University of Basel, Basel,
SWITZERLAND.

Purpose: To compare calf muscle BOLD measurements of healthy
volunteers and patients with peripheral arterial occlusive disease
(PAOD) grade IIA and IIB.
Patients and Methods: 15 healthy volunteers ( mean age: 33 +/-
6.1 years, m:8, f:7) and 11 patients (mean age: 67 +/- 10.9 years,
m:8, f:3) with PAOD grade IIA (n=6) and grade IIB (n=5) had
BOLD f-MRI measurements of the calf muscles using an ischemia
(6min.) and reactive hyperemia (6min.) paradigm with 50mm Hg
suprasystolic thigh compression. F-MRI was performed on a 1.5 T
scanner (Sonata, Siemens) using a single-shot multiecho GE-EPI
sequence (TE ms: 16I38/61/83 TR: 1000ms, flip angle: 90°) with 1
measurement / sec in gastrocnemius muscle tissue. Comparison of
both groups involved analysis of mean normalized and individual
muscle BOLD curves, time to hyperemia-peak (TTP) after cuff de-
flation, normalized hyperemia peak values (HPV) and slope of the
initial 20sec. of hyperemia (SL20) (100 x ∆ S20 sec./ 20sec).
Results: During ischemia progressive muscle BOLD signal de-
crease was similar for both groups with higher individual variation
in the patient group. During reactive hyperemia the following mean
values were calculated (volunteers / patients): TTP: 30 +- 9.8sec /
150+-50.2 sec (p<0.001), HPV: 22.68+-9.23% / 10.6+-5.2%
(p<0.01), SL 20: 69 +- 15.3 / 25 +- 30.1 (p<0.001). 3 patients re-
vealed steadily ascending BOLD values during hyperemia without
discernible peak values.
Conclusion: Calf muscle BOLD f-MR imaging reveals clearly
pathologic measurements in patients with PAOD compared to
healthy volunteers using a reactive hyperemia model . During reac-
tive hyperemia PAOD patients have a slower BOLD ascent, de-
creased hyperemia peak values and a delayed time to peak
compared to healthy volunteers. These signal alterations most
probably reflect delayed oxygenation of ischemic muscle tissue
due to impaired calf circulation.
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Investigating the physiologic correlation of calf muscle BOLD
f-MRI: Comparison with TcPO2 and Laser Doppler in a
postischemic hyperemia model
H. P. Ledermann1, W. Steinbrich1, H. G. Heidecker1, M.
Klarhöfer1, M. Aschwanden2, K. Jaeger2, D. Bilecen1; 1Department
of Diagnostic Radiology, University of Basel, Basel, SWITZER-

LAND, 2Department of Angiology, University of Basel, Basel,
SWITZERLAND.

Purpose: To investigate the physiological correlate of calf muscle
BOLD f-MRI measurements by comparing them to laser Doppler
(LD) and transcutaneous oxygen pressure (TcPO2) measurements
during ischemia and reactive hyperemia.
Patients and Methods: 15 healthy volunteers with a mean age of
33 +/- 6.1 years (m:8, f:7) had LD, TcPO2 and BOLD f-MRI meas-
urements at the calf using an ischemia (6min.) and reactive hyper-
emia (6min.) paradigm with 50mm Hg suprasystolic thigh
compression. F-MRI was performed on a 1.5 T scanner (Sonata,
Siemens) using a single-shot multiecho GE-EPI sequence (TE ms:
16I38/61/83 TR: 1000ms, flip angle: 90°) with 1 measurement /
sec. Comparison of the three methods involved the following pa-
rameters: Qualitative comparison of mean normalized curves, time
to hyperemia-peak (TTP) after cuff deflation, slope of initial 20sec.
hyperemia (SL20) (100 x ∆ S20 sec./ 20sec). Mean normalized
gastrocnemius values were compared to LD and TcPO2. Individual
BOLD measurements included: soleus, gastrocnemius, peroneals
and tibialis anterior.
Results: During ischemia TcPO2 and LD curves showed a rapid
initial decrease reaching a plateau at 160 and 130 seconds. BOLD
signal however decreased progressively during entire ischemia.
During initial reactive hyperemia BOLD and LD revealed a sud-
den, steep signal increase with SL20 of 69 and 75 resp. and TTP of
30 and 55 sec. Initial LD increase was steeper than BOLD. SL20
was 5 reflecting a slower ascent with delayed TTP of 110 sec.
Muscle BOLD signal amplitude (ischemia / hyperemia) totaled:
gastrocnemius (7.69+-2.9%/ 22.68+-9.23%), soleus (3.26+-5.57%/
19.78+-11.34%), peroneals (5.41+-1.89% / 13.94+-7.16%), tibialis
anterior (3.49+-2.26%/ 11.84+-6.12%).
Conclusion: Progressive muscle BOLD signal decrease during is-
chemia reflects progressive deoxygenation of muscle tissue since
complete circulatory stop (LD) and hemoglobin deoxygenation
(TcPO2) occur before mid-ischemia. BOLD signal during reactive
hyperemia reflects primarily increasing muscle reoxygenation
since it lags behind cutaneous LD ascent. BOLD signal amplitude
shows substantial variation in different muscle groups.
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Muscle segmentation and volume determination in mice by ex-
ercise-induced T2-enhancement
A. M. Heemskerk1, G. J. Strijkers1, M. R. Drost2, K. Nicolay1;
1Department of Biomedical Engineering, Eindhoven University of
Technology, Eindhoven, NETHERLANDS, 2Department of
Movement Sciences, Maastricht University, Maastricht, NETHER-
LANDS.

Introduction: Several MRI studies have been performed on mice
to assess muscle morphology and function. However, image-based
differentiation of specific muscles is hard due to lack of visual
boundaries. This can be overcome by an exercise-induced increase
in T2

1;2, which leads to contrast in T2-weighted MRI between acti-
vated and non-activated muscle groups. The goal of this study was
to compare muscle volumes in the mouse hind limb determined by
exercise-induced T2-enhancement with ex vivo volumetric analy-
sis.
Materials and Methods: Male C57BL/6 mice were used (n=6).
An electrode was implanted on the common peroneal nerve 2-3
weeks before scanning for electrical stimulation of the dorsal flex-
ors. The stimulation protocol consisted of a tetanus for 1 min prior
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to and single twitches (7Hz) during scanning. Since the recovery of
the T2-enhancement occurred within 5 min after stimulation, stim-
ulation was continued during MRI. Following MRI, the animals
were sacrificed and the muscles were dissected and weighted;
ρ=1.05 g/cm2 was used to convert mass to volume.
MRI was done on a horizontal 9.5 cm bore, 270 MHz MRI scanner
with a Varian imaging console, using a 1.5 cm solenoidal RF coil.
A spin echo sequence with fat suppression was used; scan parame-
ters were: FOV=15*15 mm2, slice thickness=1 mm, matrix size =
128*128, TE=20 ms, NEX=4 and TR=2 s.
Volume determination of the T2-enhanced muscle regions was
done in ImageJ (NIH).
Results: The activated muscle region had a brighter signal
(Fig.1a); the signal enhancement amounted to circa 20%. Pixels
with a similar intensity were clustered by a k-means algorithm (Fig.
1b), followed by segmentation and region closure (Fig.1c). The
total volume of this T2-based segmentation correlated well with the
volume determined by muscle weighting (Fig. 2).

Discussion: There is a slight mismatch of the T2-based volume
compared to the mass determination. This has three causes: (a) the
mass determination also includes a part of the tendon-sheet result-
ing in an overestimation of the calculated volume; (b) the peripher-
al parts of the muscle are hard to visualize in the T2-weighted scan,
causing an underestimation of the muscle volume; (c) stimulation
causes a slight expansion of the muscle.
Conclusions: Muscle volumes determined by exercise-induced
T2-enhancement correlate well with muscle volumes determined
by dissection. This method contributes to in vivo studies of muscle

morphology and function in mice.
References:
1 C.B. Bratton, et al, Science 147,738-739(1965)
2 M.J. Fisher, et al, Invest Radiol. 25,480-485(1990)
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Localization and quantification of muscle damage following
step exercise by MRI
R. G. Larsen1,2; 1MR Center, Clinical Institut, University of
Aarhus, Århus, DENMARK, 2Department of Sports Science,
University of Aarhus, Århus, DENMARK.

Introduction: Strenuous physical activities may lead to muscle
damage involving alterations in cellular structures. The affected
muscle groups will show elongation of the proton transverse (T2)
relaxation time.
The purposes of this study were to explore the pattern of T2 relax-
ation times following step exercise and thereby localize and quanti-
fy the muscle damage. Moreover the study was constructed to
clarify whether the T2 response exhibits an adaptation to repeated
bouts.
Subjects and Methods: Eight young well-trained women per-
formed two bouts of step exercise (30 min.) separated by 8 weeks.
Blood samples and MR scanning were obtained immediately be-
fore and after each bout; at 3, 6, and 9 days after bout 1; and at 4, 6,
and 9 days after bout 2.The muscle T2 values were measured in
five slices of the thigh positioned equidistantly from the knee using
a fast spin echo sequence with repetition time = 2000 ms and eight
echoes at 25, 50,…, 200 ms. T2 values were assessed in m. Vastus
Medialis, m. Vastus Lateralis, and m. Adductor Magnus.
Results: Resting muscle T2 (40.3 ± 0.6(SE) ms) increased exclu-
sively in m. Adductor Magnus in the thigh performing eccentric
contractions. T2 peaked 3 days after bout 1 (73.5 ± 9.7 ms) and was
significantly elevated 3, 6 (60.1 ± 5.7 ms), and 9 days (51.2 ± 2.7
ms) after the initial bout (P < 0.05). The second bout did not induce
a significant increase in T2 in any of the thigh muscles.
Plasma creatine kinase (CK) increased to a maximum 3 days after
bout 1 (from 152.5 to 2913.5 U/l). There was a strong correlation
between T2 values in m. Adductor Magnus and CK values 3 days
after bout 1 (r2 = 0.92). Plasma CK was not significantly elevated
following the second bout.
Conclusions: The results indicate that the muscle damage is exclu-
sively located to m. Adductor Magnus following step exercise. This
observation is surprising as m. Quadriceps experiences a work load
at least corresponding to m. Adductor Magnus. This finding sug-
gests that different muscle groups exhibit diverse susceptibility to
damage. Furthermore the T2 response is strongly correlated to the
release of CK from the muscle cell, which indicates loss of mem-
brane integrity. Moreover the absence of T2 increase after the re-
peated bout suggests that the vulnerable muscle cells have gone
through a protective adaptation.
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Figure 1. relationship between T2 values in m. Adductor Magnus
contracting eccentrically vs time after bout 1 (filled circles) and
bout 2 (empty circles).
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Heterogeneity of muscle recruitment pattern during pedaling
in professional road cyclists: a combined MRI-electromyogra-
phy study
D. Bendahan, PhD1, F. Hug, PhD2, Y. Le Fur, PhD1, L. Grelot,
PhD2, P. J. Cozzone, PhD1; 1Crmbm, Faculté de Médecine,
Marseille, FRANCE, 2Upres ea 3285, Faculté des Sciences du
Sport, Marseille, FRANCE.

Purpose: Although a number of studies have been devoted to the
analysis of the activity pattern of muscles involved in pedaling in
sedentary subjects and/or amateur cyclists, data on professional cy-
clists are scarce and the issue of inter individual differences has
never been addressed in details. In the present study, we have com-
bined functional MRI and surface electromyography in order to in-
vestigate the activity pattern of lower limb muscles during pedaling
exercises in elite cyclists.
Methods: Eight French professional road cyclists (age: 24.5 ± 1.1;
height: 182 ± 1 cm; body mass: 72.4 ± 1.8 kg, maximal oxygen
consumption = 73.6 ± 5.1 mL.min-1.kg-1) were included in the study
after informed written was obtained. Cyclists had a competitive ex-
perience of 11 ± 3 years and had covered an average of 30.000 km
during the last season. Each subject performed an incremental exer-
cise during which electromyographic activity of eight lower limb
muscles (Vastus lateralis,Vastus medialis, Rectus femoris,
Semimembranosus, Biceps femoris, Gastrocnemius lateralis,
Gastrocnemius medialis, Tibialis anterior) and respiratory vari-
ables were recorded. After a 3 h recovery period, subjects per-
formed a standardized constant-load maximal exercise and
transverse relaxation times (T2) were measured before and just
after the exercise period.
Results: The global EMG activity illustrated by the Root Mean
Square (RMS, 49.0 ± 11.2 %) and T2 (+ 13.9 ± 2.2 %) both in-
creased for all the muscles investigated during the incremental ex-
ercise and the constant-load exercises respectively. Interestingly,
both T2 and EMG changes clearly evidenced a large inter individ-
ual difference regardless the type of exercise (variation coefficient
up to 81%). This high level of variation in the recruitment of lower
limb muscles in professional cyclists is surprising given the homo-
geneity related to maximal oxygen consumption and training vol-
ume.
Discussion and Conclusion: Professional cyclists exhibit signifi-

cant differences in the recruitment of the lower limb muscles dur-
ing two different pedaling exercises as illustrated by both EMG and
functional MRI investigations. Interestingly, such an inter-subject
variation exists in a homogeneous group of elite cyclists with high
maximal oxygen consumption and a high degree of expertise, on
the contrary to what was expected. Actually, these different activa-
tion patterns of the lower limb muscles during cycling exercise
likely indicate different pedaling strategies and/or differences in
local aerobic capacity and provide additional evidence that the
nervous system has multiple ways to accomplish a given motor
task as has been suggested previously by neural control theorists
and experimentalists.
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Detection of early degenerative lesions in cartilage using 23Na
MRI
M. Bittsansky, V. Mlynarik, S. Trattnig, E. Moser; Workgroup
MR, MR Centre of Excellence, Vienna, AUSTRIA.

Introduction: Feasibility of detecting early osteoarthritis by 1H
mapping fixed charge density (FCD) in contrast-enhanced cartilage
has already been demonstrated. However, the method has limita-
tions in vivo [1]. 23Na MRI might be an option for noninvasive
FCD mapping. Previous works map artificially induced changes
and generally use very low resolution [2]. In this work, in vivo in-
duced lesions are imaged by 23Na-MR-microscopy and compared
to contrast-enhanced proton T1-maps.
Materials and Methods: Cartilage-bone specimens obtained from
patients with osteoarthritis during joint replacement were measured
on our 3T Medspec (Bruker, Germany) whole-body scanner with a
microimaging gradient insert (200 mT/m).
Sodium T2* and T1 relaxation times were measured from the
whole sample a using pulse-acquire sequence (FID acquisition with
<1000 datapoints and saturation recovery, respectively). T2* was
processed via multiexponential iterative analysis. 3D GE sequence
for 23Na imaging was optimized according to the measured relax-
ation times (TE/TR=1.9/18ms, voxel volume <1ul, experiment
time <10h).
Proton T1 maps were calculated from 6 IR MSSE images of Gd-
DTPA-enhanced samples (voxel volume <0.015 ul).
Results: Sodium T2* revealed two components (Fig. 1) with rela-
xation times 0.5ms and 3.8ms, and relative intensities 2.75:1.
Sodium T1 was 12.8ms.
Pathological lesions in proton T1 maps correlated with 23Na im-
ages (Fig. 2). SNR in sodium images was 8:1 for the healthy carti-
lage and 5:1 in lesions. The ratio of proton T1 in the healthy
cartilage and in the lesion was 1.48.

Fig. 1: FID data of an osteoarthritic cartilage-bone sample with
separated fast (blue) and slow (yellow) relaxing components.
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Fig. 2: Calculated proton T1 map (left) compared to the correspon-
ding 23Na image (right). The lesion in the proton map is hy-
pointense because of decreased T1 due to higher contrast agent
concentration.
Discussion: Gd-DTPA enhanced T1 mapping in this work gave
similar results as previously [3]. We have demonstrated that sodi-
um MRI is a feasible method for detecting pathological lesions.
The long measurement time is the penalty for very high spatial res-
olution.
[1] Bashir A, Gray ML, Hartke J, Burstein D [1999] Magn. Reson.
Med. 41(5):857-65
[2] Shapiro EM, Borthakur A, Gougoutas A, Reddy R [2002]
Magn. Reson. Med. 47(2):284-91
[3] Mlynarik V, Sulzbacher I, Bittsansky M, Fuiko R, Trattnig S
[2003] J. Magn. Reson. Imaging 17(4):440-4
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Cartilage characterization method in a guinea pig
Osteoarthritis model: reproducibility of morphological 
measures using MRI 
R. I. Bolbos1, O. Beuf2, H. Benoit-Cattin3, C. Odet3, 
P. Pastoureau4, M. Janier5; 1Animage, Université Claude Bernard
Lyon1, Lyon, FRANCE, 2Laboratoire de RMN, CNRS UMR 5012,
Université Claude Bernard Lyon1 - ESCPE, Lyon, FRANCE,
3Creatis, UMR 5515, INSA, Lyon, FRANCE, 4Division of
Rheumatology, Institut de Recherches Servier, Suresnes, FRANCE,
5Animage, CREATIS, Lyon, FRANCE.

Introduction: MR techniques have been proposed for assessing
cartilage thickness and volume as well as morphological degenera-
tion on several human studies. The aim of this study was to estab-
lish the short-term reproducibility on tibial medial cartilage
thickness measures and to compare with histological results.
Methods: MR experiments were performed on a 7 T Biospec sys-
tem (Brüker, Germany) equipped with 400 mT/m gradient set. For
signal reception a 25 mm diameter surface coil was used. Gaseous
anesthesia was induced using isoflurane gas. To ensure accuracy in
animal positioning as well as to prevent motion artefacts, the medi-
al part of the knee joint of each animal was placed in contact with
the surface coil secured by a home-made dedicated holder. High-
resolution MR cartilage images using fat suppressed three-dimen-

sional (3D) gradient-echo fast imaging (GEFI) sequence were ob-
tained. A flip angle α of 25°, TE=3.6 ms, TR=50 ms, with 42 kHz
receiver bandwidth were used as parameters. A total of 64 slices
(312 µm thick) was acquired in the sagittal plane with a field of
view of 30 mm and an imaging matrix size of 512 x 384 pixels, cor-
responding to a reconstructed spatial resolution of 59 x 59 µm2.
The imaging time was 45 min. Reproducibility was established on
2 guinea pigs groups (10 SHAM - control - and 10 MNX - with
meniscectomy) with 5 acquisitions per animal. Dedicated software
was developed to allow cartilage thickness quantification (interest
region selection, cartilage segmentation, measures). Data process-
ing with histological calibration were followed by a statistic analy-
sis.
Results: About ten pixels partitions are measurable to evaluate the
thickness of the cartilage leading to 10 to 20% accuracy. The repro-
ducibility of measurements from the repeated analysis of articular
cartilage is given by the coefficients of variation (CV): 15.7% for
the SHAM group and 11.3% for the MNX group. Cartilage thick-
ness decreased in animals with meniscectomy compared to normal
controls corresponding to a difference of 13.5% for MRI measure-
ments against 3.7% for histological measurements. No statistical
differences were found between the two groups analyzed by MRI
and confirmed by Histology.
Conclusion: The use of non-invasive 3D in vivo HR-MRI has a
significant role in characterizing the cartilage structure and its mor-
phological degenerations. It can be used as a research tool in mod-
els of diseases for accurate and long-term staging of osteoarthritis,
as well as in monitoring therapy response.
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Diffusion tensor analysis of anisotropy in human articular
cartilage
L. Filidoro1, C. Glaser1, O. Dietrich1, J. Weber1, T. Oerther2, 
M. Wick2, M. Reiser1, J. Roya1; 1Diagnostic Radiology-
Grosshadern, Ludwig Maximilian University of Munich, Munich,
GERMANY, 2BioSpin, Bruker GmbH, Rheinstetten, GERMANY.

Introduction: Hyaline articular cartilage is an anisotropic struc-
ture, mainly characterized by the arrangement of the collagenous
fibers. Diffusion Tensor Imaging (DTI) can analyze the structural
anisotropy of tissues, but no data are available about DTI of human
hyaline articular cartilage. The purpose of this study was to realize
an investigation of articular cartilage using DTI.
Methods: The MRI measurements were realized on human patellar
cartilage-on-bone samples. The data were acquired on a Bruker
Microimaging System with 9.4T using a diffusion-weighted spin-
echo sequence with TR/TE=2000/11ms and Delta/delta
=3.7/2.1ms. We obtained a resolution of 39x78µm2. The diffusion
eigenvectors and the diffusion eigenvalues were calculated. From
these eigenvalues we determined the fractional anisotropy (FA) de-
scribing the degree of anisotropy of diffusion in the tissue. The first
eigenvector corresponding to the largest diffusivity was visualized
as projection on the image plane.
Results: Variations of FA occurred primarily along an axis perpen-
dicular to the cartilage surface and not parallel to it. Underneath the
cartilage surface FA was about 0.10, at the cartilage-bone-interface
about 0.28, and a minimum of 0.04 was found at a depth of a third
of the total height of the cartilage. The eigenvector projection map
also showed variations mainly with increasing distance from sur-
face and not in the direction parallel to the surface. It was possible
to distinguish two layers: in the upper portion of the cartilage the
projections lay in a plane parallel to the cartilage surface (98% of
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the projections within ±15° around the horizontal plane) and in the
lower part of the cartilage the eigenvectors were mainly radially
oriented. Between these two areas a transitional region with a ran-
dom orientation was found.
Discussion & Conclusion: Expectedly, both parameters assessed
by DTI showed high variation from the cartilage surface towards
the cartilage-bone-interface and almost no variation parallel to the
cartilage surface. The eigenvector map was in good agreement with
the values of FA: the most anisotropic projection arrangement at
the cartilage surface and in lower part of the cartilage corresponded
to the highest values of FA and the randomly oriented transitional
zone had the smallest value of FA. Both maps correlate well with
the known cartilage structure with tangential, transitional, and radi-
al zones. Our results indicated the feasibility and applicability of
DTI experiments for structural analysis of hyaline articular carti-
lage in high field MRI. Particularly eigenvector projections ap-
peared most promising to characterize the cartilage architecture.
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Non-invasive determination of myocardial blood flow using
arterial spin-labeling MRI in rat models of hypertension and
type 1 diabetes
I. Iltis, F. Kober, C. Dalmasso, P. J. Cozzone, M. Bernard; Centre
de Résonance Magnétique Biologique et Médicale UMR CNRS
6612, Faculté de Médecine, Marseille, FRANCE.

Introduction: Microvascular alterations and endothelial dysfunc-
tion are involved in the pathogenesis of diabetic and hypertensive
cardiomyopathies (1). In this work, we aimed at characterizing in
vivo myocardial blood flow in diabetic, hypertensive, and diabetic-
hypertensive rats.
Methods: An eight-week duration type 1 diabetes was induced by
streptozotocin in eight male Wistar-Kyoto (diabetic rats, STZ) and
eight male Spontaneously Hypertensive rats (diabetic and hyper-
tensive rats, STZ-SHR). Fourteen Wistar-Kyoto and twelve
Spontaneously Hypertensive rats composed the control (WKY) and
hypertensive (SHR) groups respectively. Imaging experiments
were performed on a 4.7 T horizontal magnet (Biospec Advance
47/30). Rats were positioned prone on a radiofrequency surface
coil for reception, and a homogeneous coil was used for radiofre-
quency emission. ECG and breath were monitored to allow trigger-
ing of the sequence on both signals. Myocardial blood flow
quantification was achieved using a recently developed arterial
spin-labeling MRI method (2). Animals were anesthetized with
isoflurane (2.5-3% in 50 % N2O: 50 % O2) using an adapted face
mask. Each experiment took about 25 minutes.
Results: Myocardial blood flow values for each group were re-
spectively: WKY, 6.4 ± 1.1 , STZ, 6.0 ± 1.9, SHR, 5.5 ± 1.3, and
STZ-SHR, 4.3 ± 0.9 ml·g-1·min-1, mean ± SD. Myocardial blood
flow was significantly decreased in STZ-SHR rats compared with
the other groups (p<0.05, STZ-SHR vs. all groups).
Discussion and Conclusion: Myocardial blood flow is altered in
vivo when rats are simultaneously diabetic and hypertensive, but
this parameter does not vary significantly when only one of the
pathologies occurs. The observed alteration may be due to a severe

endothelial dysfunction probably related to an additive effect of hy-
pertension and diabetes (3). This method, applied to the STZ-SHR
model, may provide a useful tool to assess the potential improve-
ment of myocardial blood flow by anti-ischemic or anti-diabetic
drugs.
References:
[1] Factor SM,et al. Diabetes Res Clin Pract 1996; 31 Suppl: S133-
142.
[2] Kober F, et al. Magn Reson Med 2004; 51(1):62-67.
[3] Fahim M, et al. Eur J Pharmacol 2001; 412(1):51-59.
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Influence of ketamine/xylazine and isoflurane anesthesia on
myocardial blood flow in mice: an in vivo study using high-
resolution spin-labeling perfusion MRI
F. Kober, I. Iltis, P. J. Cozzone, M. Bernard; Centre de Résonance
Magnétique Biologique et Médicale UMR CNRS 6612, Faculté de
Médecine, Marseille, FRANCE.

Introduction: Genetically modified mouse models of various
human cardiovascular pathologies are currently available. To date,
little information on absolute myocardial perfusion in mice exists
in the literature. Spin-labeling MRI is a promising technique for
quantitative myocardial blood flow measurements in animals (1-3).
This work reports the application of a recently developed in vivo
spin-labeling MRI technique to the study of myocardial blood flow
(MBF) in mice under two commonly used anesthetics.
Materials and Methods: All measurements were done in a hori-
zontal 4.7T/30 Bruker Biospec using a surface RF-receive coil (di-
ameter 15mm) and a homogeneous emission coil (diameter 60mm,
length 80mm). Thirteen C57Bl/6J mice (group A) were anes-
thetized with ketamine/xylazine (kx), eleven (group B) with 1.25%
isoflurane (ifl, in 1:1 O2/N2O) and ten (group C) with 2.00% ifl.
ECG- and respiration-gated short-axis spin-labeling gradient-echo
MRI (3) was implemented with in-plane resolution 156x312mm2,
slice thickness 1.5mm, duration 25min. T1- and MBF-maps were
calculated (1, 3). MBF was determined as pixel average in manual-
ly drawn ROIs in the left-ventricular myocardium.
Results and Discussion: The figure shows typical MBF maps ob-
tained under each anesthetic. Myocardium can be clearly and
sharply separated from other compartments, particularly the much
less perfused chest muscle (CM) despite high heart rates. The table
shows group averages of physiological parameters and MBF. Ifl
greatly reduced breath rates. Under 2.00% ifl, myocardial blood
flow was dramatically higher (16.9±1.8ml/g/min) than under
1.25% ifl despite no significant change in heart rate. Kx provoked a
50% decrease in heart rate vs. ifl in either concentration, but no sig-
nificant change in myocardial perfusion vs. 1.25% ifl. These results
indicate a strongly dose-dependent vasodilatory effect of ifl in
mice. Similar results have already been reported on larger animal
models and isolated microvessels. A substantial vasodilation is
found at ifl concentrations above 1.25%, which is approximately
the minimum alveolar concentration for this animal strain.
Conclusion: This work illustrates the feasibility of non-invasive
quantitative myocardial perfusion mapping in mice using MRI. Its
application to a study of the influence of anesthesia shows that my-
ocardial blood flow is highly sensitive to isoflurane concentration.
The method employed offers a robust non-invasive approach to
longitudinal studies of murine models of cardiac disease.
References:
[1] Belle V et al. : J Magn Reson Imaging 1998;8(6):1240-1245
[2] Streif J et al. : Proceedings of the ISMRM 2003; Toronto,
Canada. p 1320
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[3] Kober F et al. : Magn Reson Med 2004;51(1):62-67

means ± SD, *p<.005 vs ifl 1.25%, §p<.005 vs others
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Assessing myocardial perfusion using hyperpolarized 13C
E. Johansson1, P. Magnusson2, C. M. Chai3, J. S. Petersson2, 
K. Golman2, R. Wirestam1, F. Ståhlberg1,4; 1Dept. of Radiation
Physics, Lund University Hospital, Lund, SWEDEN, 2Medical
Diagnostics, GE Healthcare Biosciences, Malmö, SWEDEN,
3Dept. of Experimental Research, Malmö University Hospital,
Malmö, SWEDEN, 4Dept. of Diagnostic Radiology, Lund
University Hospital, Lund, SWEDEN.

Purpose: The aim of the work was to investigate techniques for
studying myocardial perfusion using a hyperpolarized 13C-labeled
tracer.
Methods: Experimental work was performed in pig heart by ad-
ministering 2-hydroxyethylacrylate (0.30 M), polarized to 15-20%
through the para-hydrogen induced polarization process, either via
an intra-arterial catheter or by intravenous injection in the femoral
vein. 13C-imaging was performed with a 1.5T whole-body scanner
(Magnetom Sonata, Siemens Medical Solutions, Erlangen,
Germany) using a TrueFISP sequence.
The intra-arterial injection was administered in approx. 3 seconds
and was immediately followed by image acquisition in order to de-
termine the tracer distribution prior to any significant amount of
tracer outflow.
The intravenous injection was administered in approx. 5 seconds,
and a series of images was acquired during the passage of the trac-
er through the myocardium. A perfusion map was calculated using
the Kety-Schmidt technique modified for tracer depolarization and
assuming complete tracer extraction.
Results: A high-resolved image (Fig. 1), corresponding to a rela-
tive perfusion map, with high SNR (approx. 90) was obtained after
the intra-arterial tracer administration. When the tracer was intra-
venously administered a maximum SNR of 14 was achieved in the
myocardium at a lower resolution. The obtained signal-time curve
allowed for reliable extraction of the perfusion parameter at the
pixel level through curve fitting (Fig. 2).
Discussion: The obtained signal to noise levels allowed for assess-
ment of myocardial perfusion by the two investigated techniques.
Hyperpolarized tracers have several properties that make them suit-
able for assessing perfusion foremost due to the fact that they act as
direct signal sources. Linearity between signal and tracer magneti-

zation thus exists over all concentrations. Compared with tradition-
al techniques, relying on agents increasing relaxation rates in sur-
rounding water molecules, several advantages are present. The
assessment is insensitive to water-exchange, arrhythmia and does
not require additional time for contrast preparation. Furthermore,
multiple examinations can be performed without the need for
awaiting tracer clearance.

Fig. 1. Perfusion map obtained after arterial injection (LAD and
LCX) (pixel-size 1.5 mm; slice thickness 10 mm; FA 180º; injec-
tion volume 4 ml; animal weight 25 kg).

Fig. 2. Perfusion map obtained after venous injection (femoral
vein) and evaluated by the Kety-Schmidt technique (pixel-size 3.0
mm; slice thickness 10 mm; FA 30º; injection volume 10 ml; ani-
mal weight 15 kg; temporal resolution approx. 2 seconds).
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Absolute cerebral blood volume mapping using high contrast
agent relaxivity: rapid steady state T1 method
H. Lahrech, T. A. Barbacaru; Um inserm/ujf, Functional and
Metabolic Neuroimaging, Grenoble, FRANCE.

Introduction: This study concerns a new MRI method for absolute
cerebral blood volume (CBV) mapping. The principle is based on
the effects of paramagnetic contrast agents (CA) on T1-relaxation
and on a two-compartment extra- and intravascular model of the
brain.

Group 
(anesthesia, n)

A (kx, 9) B 
(ifl 1.25%, 11)

C 
(ifl 2.00%, 10)

Heart Rate (bpm) 275 ± 52* 516 ± 45 527 ± 34

Breath Rate (bpm) 170 ± 20§ 104 ± 22§ 44 ± 9§

MBF (ml/g/min) 6.0 ± 1.9 6.9 ± 1.7 16.9 ± 1.8*
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Method: An IR-Snapshot-sequence with TR=750ms is used.
Fig.1A shows signal behavior vs. T1 plotted for different Tinv. At
Tinv=325ms (≈TR/2), the signal for long T1 is saturated while for
short T1 it corresponds to equilibrium magnetization M0, if T2*-
effects are negligible. This property is exploited here using an in-
travascular CA with high relaxivity r1.
Experiments were performed on healthy rats in a horizontal magnet
at 2.35T. P760, a Gd3+-based CA from Guerbet Laboratories (r1=
19.7 ± 0.7mM-1s-1 for plasma at 37°C and 2,35T) was used [1].
Fig.1B and 1C illustrate data with different P760 doses. For high
doses and after first pass, the signal reaches a �plateau�, a steady
state regime corresponding to the full intravascular magnetization.
The feasibility of the method was tested using 0.1mmol/kg of
P760. A CBV map is computed using Eq.1 from signals of the
plateau phase.
Results: Average CBV values (Fig.2) obtained with two spatial
resolutions from the whole slice are 3.62 ± 0.57% and 3.42 ±
0.73%, in the range of those measured with other techniques [2].
The mean CBVcortex/CBVstriatum ratio was 1.42, in excellent
agreement with steady state ∆R2*-techniques [3].
Discussion/Conclusion: This work demonstrates CBV quantifica-
tion using a rapid steady state T1 method, which is independent of
T1 variations, of inflow/outflow effects, of the arterial input func-
tion and insensitive to susceptibility differences between extra- and
intravascular spaces. Water exchange across the blood brain barrier
is considered slow with negligible effects on the extravascular sig-
nal [4] (Eq.2). The method can be applied to human studies using
Gd-DOTA at twice the clinical dose. Improvements currently under
development concern the increase of the plateau phase for higher
SNR, the evaluation of the sensitivity of the CBV measurements
under hypercapnia and the minimization of the intravascular ∆R2*-
effect using Spiral or Projection-Reconstruction acquisition modes.
References:
[1] Fonchy E et al [2001] J Magn Reson Imag 14:97-105
[2] Adam JF et al [2003] J Cereb Blood Flow Metab 23:499-512
[3] Troprès I et al [2001] Magn Reson Med 45:397-408
[4] Labadie C, et al [1994] J Magn Reson Series B 105:99-112
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In-vivo phenotyping of genetically engineered mouse models
for amyotrophic lateral sclerosis is established by combining
BT-MRI and CASL
G. Vanhoutte1, E. Storkebaum2, P. Carmeliet2, A. Van der Linden1;
1Biomedical Sciences, University of Antwerp, Antwerpen, BEL-
GIUM,

2
Flanders Interuniversity Institute for Biotechnology,

Campus Gasthuisberg, Leuven, BELGIUM.

Introduction: Mice lacking the hypoxia response element in the
Vascular Endothelial Growth Factor gene(Vegfδ/δmice) develop
motor neurodegeneration reminiscent for Amyotrophic Lateral
Sclerosis (ALS)(1). Carmeliet et.al.(2)intercrossed mice expressing
a SOD1G93A transgene (established mouse model for ALS) with
Vegfδ/δmice generating 4 different genotypes of VEGF/SOD
(Wt/Wt,Wt/He,Ho/Wt,Ho/He). The VEGF/SOD model is appeal-
ing creating an interesting link between angiogenesis and neuroge-
nesis. We studied basal CBV and CBF with Bolus Tracking (BT)
MRI and used Continuous Arterial Spin Labeling (CASL) to study
the CBF response upon hypoxic challenge.
Subjects and Methods: VEGF/SOD mice anaesthetised with
0.7% isoflurane were monitored for end-tidal CO2 (Capstar-
100,Linton Instruments,UK), breaths per minute and body temper-
ature (PC-SAM,SA Instruments,UK). MR experiments were
performed on a 7T/8cm MR system (MRRS,UK). Intravenous in-
jection of Gd-DTPA (0.2mmol/kg,Schering) during a single slice
multi experiment GE-EPI sequence (TR 300ms) enables to explore
basal CBV and CBF in absolute values (Medx,Software). GE-EPI
CASL(3,4) images were acquired using a slice selective RF inver-
sion pulse for labeling (post TI 500ms,TR 5s,TE 17.4ms). CASL
experiments contained 150 pairs of images obtained under respec-
tively normoxic (1-80), hypoxic (8%O2) (80-120) and normoxic
(120-150) conditions. Perfusion maps were generated for these 3
conditions (IDL Boulder,UK). Per genotype we analysed 8 BT ex-
periments and 4 ASL experiments.
Results: CBV was observed to be unaffected in all genotypes,

while CBF was 50% reduced in the double transgenics Ho/He
(20.7±3.3ml/100g/min) as compared to Wt/Wt (40.5±5.9ml/
100g/min, p<0.05). The mean overall CBF increase as determined
with CASL was significantly higher(26.1%) in Wt/Wt than in
Ho/He(13.1%, p<0.05) during normoxic recovery. The global
BOLD signal intensity changes during hypoxia were also different
in Wt/Wt(16% ) than in Ho/He(20 %, p<0.05),illustrated in fig-
ure1.
Discussion: BT-MRI illustrates that reduced CBF in Ho/He is asso-
ciated with normal CBV. This supports previous findings showing
that VEGF mutation impairs vasodilatation, rendering cerebral
blood vessels more susceptible to vasoconstriction and reducing
overall blood supply(1,5). The ASL results links the low basal CBF
in the double transgenics to the smaller hypoxia induced CBF re-
sponse. This means hypoxia induced deoxyhemoglobin increase
dominates the global BOLD signal decrease within the ASL control
images since less fresh blood is provided. This decrease in signal
intensity during hypoxia is indeed most prominent in the Ho/He.
The aberrant regulation of VEGF in response to hypoxia is in-
volved in the pathogenesis of this animal model for ALS.
[1] Oosthuyse B. Nat.Med.(2001)
[2] Lambrechts D. Nat.Gen.(2003)
[3] Duong T. MRM(2000)
[4] Silva A. MRM(1999)
[5] Schratzberger P.Nat.Med.(2000)
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Perfusion-based high-resolution fMRI in the primate brain
using a novel vertical large-bore 7 Tesla setup
J. Pfeuffer1, H. Merkle2, N. K. Logothetis1; 1Dep. Physiology of
Cognitive Processes, Max-Planck Institute for Biological
Cybernetics, Tuebingen, GERMANY, 2Laboratory of Functional
and Molecular Imaging, NIH/NINDS, Bethesda, MD; UNITED
STATES.

Introduction: Obtaining functional CBF maps with high spatial
resolution is challenging, because the CBF signal is intrinsically
low and the signal-to-noise is critical. Here we report the first high-
resolution CBF maps in the Macaca mulatta that were obtained
with voxel sizes as small as 0.5x0.5x3 mm3. High sensitivity was
achieved by using a 7T system and custom-made RF coils in
TORO mode. fCBF data were acquired and compared with BOLD
data in the macaque primary visual cortex. The fCBF signal was
entirely localized within cortex, providing unequivocal evidence
for its high spatial specificity. This specificity is of paramount im-
portance for studies seeking to understand the physiological basis
of functional neuroimaging.
Methods: A novel large-bore vertical MR system (7T/60-cm,
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Bruker) was set up for fMRI/MRS in the anaesthetized or the
awake, behaving monkey. The 38-cm gradient insert (33-cm inner
diameter with noise insulation) achieves 80 mT/m in <200 µs. An
actively-decoupled RF saddle coil was used for transmission and a
30-mm surface coil for reception. A full-field visual stimulus (8-Hz
flickering LED array) was used in a block design with 4 repetitions
of on- and off-stimulation-periods (48s, 8/8 images).
Single-shot zoomed GE-EPI was acquired at 500-µm in-plane reso-
lution (128x48, FOV 6.4x2.4 cm2) using outer-volume suppression.
The FAIR module used adiabatic slice-selective / non-slice-selec-
tive inversion (TR=3s x2, TIR=700-1500s, inversion slice thick-
ness 8-mm). Functional CBF and BOLD scans (FAIR off) were
acquired interleaved with TE=12 and 20ms, respectively. For semi-
quantitative analysis, a M0 image was measured at TR=10s and
CBF was calculated according CBF=(SSS-SNS)/M0·λ/(TI·(2·exp(-
TI/T1)-exp(-TR/T1)), λ=0.9mL/g. T1 was measured for V1-GM to
be 1.9s.
Results: Anatomical FLASH, inversion-prepared EPI, and CBF
maps at 500-µm in-plane resolution are shown. Excellent single-
shot EPI image quality was achieved by the use of OVS-aided FOV
reduction in phase-encode. T2* blurring was still negligible at a
readout duration of 31-ms, which is similar to T2* of (29±10) ms at
7T. Upon visual stimulation, CBF increased in average by 38%
from 58.6(3.8sd) mL/100g/min at rest to 80.9(5.6sd) mL/100g/min
during activation. CBF decreased by -21% in medial areas. A t-test
revealed activated voxels along the whole visual cortex V1 (t=2-8,
red...yellow). Robust functional CBF changes were observed, ex-
cellently localized within gray matter only. In contrast, the BOLD
signal was spatially more spread. This observation is consistent
with the fact that functional CBF maps are more localized to gray
matter microcapillaries than BOLD maps, which suffer from con-
tributions of proximal draining veins.
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Continuous arterial spin labeling (CASL) setup for the pri-
mate brain at 7 T using a three-coil approach
A. C. Zappe1, H. Merkle2, N. K. Logothetis1, J. Pfeuffer1;
1Physiology of Cognitive Processes, Max Planck Institute for
Biological Cybernetics, Tuebingen, GERMANY, 2Laboratory of
Functional and Molecular Imaging, National Institutes of Health
(NIH/NINDS), Bethesda, MD; UNITED STATES.

Introduction: Arterial spin labeling is commonly used to measure
cerebral blood flow (CBF) in the brain. Since CBF signal is intrin-
sically low, optimization of the signal-to-noise ratio (SNR) is criti-
cal. CASL with a separate labeling coil has the advantages of
increased SNR, multi-slice capability, and absence of magnetiza-
tion transfer. The CASL method has been applied successfully in
rats1-3, and in human studies4. Its wider application especially on
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routine human MR systems is hindered by the advanced hardware
and software requirements.
Here, we report the development of CASL for use on monkeys.
Increased sensitivity (SNR) was achieved because of utilization of
an custom-made three-coil setup and the use of high magnetic field
(7T) with its favorable T1. The feasibility of this approach is
demonstrated with a flow phantom and with initial experiments in
the monkey.
Methods: Measurements were performed on a vertical 7T/60cm
Bruker Biospec system dedicated for monkeys, which was
equipped with a second 1H transmit channel. A saddle-shaped vol-
ume coil was applied for RF transmission and a 30mm surface coil
was used for RF reception. For spin tagging, a 40mm concave-
shaped surface coil was built according to the space requirements
in the neck of monkeys based on angiographic scans. All three RF
coils were actively-decoupled and switched with a self-built logic
unit and current driver. The flow phantom consisted of a water-
filled bottle with two tubes fed through, the water flow was ad-
justable from 20cm/s to 100cm/s.
Single-shot, multi-slice GE-EPI (PVM EPI, Bruker) was acquired
at 0.75x1x2mm3 resolution (128x64x5, TR/TE=3500/12ms). The
preparation module for ASL was self-written. The 2.5s labeling pe-
riod was followed by a variable post-labeling delay prior to data ac-
quisition. For CASL, the labeling frequency was switched in
interleaved scans.
Results: The CASL three-coil setup was validated on the flow
phantom. Label efficiencies of 0.7 were reached with a labeling
power of 1W (Fig.1). Initial CASL experiments in the anaes-
thetized monkey were performed with a sensitive receive-coil
placed on one hemisphere. The distance from imaging to labeling
plane was ~6cm. CBF signal was observed predominately in the ip-
silateral hemisphere with a maximum CBF at post-labeling delays
of 600-1000ms. These first in vivo data promise that further func-
tional studies to measure CBF, BOLD and CMRO2 changes will
gain from this setup.
[1] Silva,A.C. et al(1997) MagnResonMed.37:58-68
[2] Zhang,W. et al(1995) MagnResonMed.33:370-6
[3] Williams,D.S. et al(1992) ProcNatlAcadSci.89:212-6
[4] Zaharchuk,G. et al(1999) MagnResonMed.41:1093-8
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Perfusion measurement in the rat leg muscle with single-voxel
fast FAIR
R. Pohmann, M. von Kienlin; MR Imaging and Spectroscopy, 
F. Hoffmann-La Roche Pharmaceuticals, Basel, SWITZERLAND.

Introduction: Arterial spin labelling has become a commonly used
tool for measuring the perfusion in the brain and other highly per-
fused organs. In skeletal muscle, the perfusion is much lower and
not within reach of most measuring methods due to their insuffi-
cient sensitivity [1]. A quantitative measurement for muscle perfu-
sion would be highly valuable for medical and pharmaceutical
research for peripheral artery occlusion disease (PAOD). We have
implemented a method to measure the perfusion in the rat leg mus-
cle at rest and exercise with precision and good temporal resolu-
tion.
Subjects and Methods: We have modified the FAIR technique [2]
to measure the perfusion in the hindlimbs of rats. To cope with the
low SNR due to the very low perfusion in the skeletal muscle, the
sequence was optimized for maximum sensitivity:
A single-voxel PRESS sequence (voxel size 6 x 6 x 3 mm3) was
used rather than an imaging readout with high spatial resolution
[3]. The sequence timing was adapted to obtain maximum sensitiv-
ity and a good temporal resolution.
Measurements were performed on a 4.7 T Biospec. The rats were
aneasthetised with isoflurane and N2O. To measure the perfusion
during exercise, the right gastrocnemius muscle was electrically
stimulated. With 16 averages, a temporal resolution of 2.3 min was
obtained.
Results: Fig. 1 and 2 show the time evolution of the measured per-
fusion at rest and during exercise. In Figure 1, the muscle had to
work twice for about 22 minutes with a resting period of 15 min-
utes, the second stimulation period with a higher work load than the
first. In figure 2, stimulation periods of 5 minutes were followed by
resting periods of 10 minutes, the workload being increased for
every period. The perfusion at rest was about 22 ml/100g/min, with
a two- to threefold increase during exercise.

Fig. 1: Perfusion at rest and under two levels of exercise, measured
in six rats. Dotted lines: individual animals, straight line: mean.
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Fig. 2: Perfusion for six different levels of exercise in two rats.
Conclusion: By restricting our measurements to a single voxel and
optimizing the timing, we were able to measure the perfusion in the
skeletal rat muscle at rest and during exercise with a good precision
and temporal resolution.
References:
[1] Bertoldi et al., ESMRMB 2003, Presentation 304
[2] Kim, MRM 34, 293 (1995)
[3] Marro, Kushmerik, MRM 38, 40 (1997)

Clinical Focus Session
2:30 pm - 3:30 pm Falconer Scenen

Clinical cardiology

123
Optimized segmentation of the myocardium for quantitative
heart perfusion imaging
H. Köstler, C. Ritter, M. Trumpp, D. Hahn, J. Sandstede; Institut
für Röntgendiagnostik, Universität Würzburg, Würzburg,
GERMANY.

Purpose: A segmentation of the myocardium is necessary for
quantitative first-pass perfusion examinations of the heart. Up to
now only a small part of the myocardium is chosen for evaluation
to minimize partial volume effects with the blood in the ventricles.
An effective contamination correction allows the elimination of
these effects [1]. Aim of this work was to determine an optimized
segmentation strategy for the quantitative evaluation of first-pass
perfusion studies using a contamination correction.
Methods: 3 volunteers were examined at rest using a saturation re-
covery steady state free precession sequence with the pre bolus
technique (1 ml / 8 ml Gd-DTPA) [2]. At first the complete my-
ocardium was segmented. The endocardial border of the segmenta-
tion was defined as 0 %, the epicardial border as 100 %. From this
base segmentation additional segmentation with endocardial bor-
ders at -50%, -40%, … +50% and epicardial borders at 60%, 70%,
…, 150% were generated automatically. For every segmentation 8
sectors were evaluated per slice: all curves were normalized by the
baseline signal und deconvolved by the arterial input function to a
Fermi-function. As quality parameters the signal to noise ratio and
the standard deviation of the perfusion values were determined.
Results: The highest signal to noise ratio was found in the segmen-
tation with the endocardial border at 20% and the epicardial border

at 90%. The segmentation with the endocardial border at 10% and
the epicardial border at 110% resulted in the smallest standard de-
viation of the perfusion values. Without contamination correction
wrong perfusion values resulted from marked contamination by the
ventricles.
Conclusion: Contamination correction for first-pass perfusion ex-
aminations allows the use of segmentation borders corresponding
to the real myocardial contours. Taking the whole myocardium in-
stead of only using parts of it increases the signal to noise ratio and
reduces the variability of perfusion values.
Literature:
[1] Köstler H, Ritter C, Reiss-Zimmermann M, Beer M, Hahn D,
Sandstede J [2004] Magn. Reson. Med. 51: 848 - 852: Correction
for Partial Volume Errors in MR Heart Perfusion Imaging.
[2] Köstler H, Ritter C, Lipp M, Beer M, Hahn D, Sandstede J
[2003] Abstract: MAGMA 11 supplement 1: Pre bolus technique for
MR quantification of myocardial perfusion.
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Assessment of myocardial viability by Late Enhancement MR
Imaging at 3.0 Tesla versus 1.5 Tesla
B. D. Klumpp, M. Fenchel, U. Kramer, N. Stauder, C. Claussen,
S. Miller; Department of Radiology, University of Tuebingen,
Tuebingen, GERMANY.

Purpose/ Introduction: In patients suffering from coronary artery
disease, determination of myocardial viability by late enhancement
MR imaging (MRI) is of increasing relevance. Cardiac assessment
at 3.0T systems has recently become available. Despite good re-
sults at 1.5T imaging at 3.0T should provide a significant improve-
ment in contrast and signal to noise ratio. Aim of this study was to
investigate signal to noise ratio, contrast to noise ratio and image
quality of late enhancement MRI at 3.0T in comparison to 1.5T.
Subjects and Methods: In 15 patients with a history of myocardial
infarction cardiac MRI was performed at 1.5T (Magnetom Sonata,
Siemens, Erlangen, Germany) and in 15 patients at 3.0T
(Magnetom Trio, Siemens, Erlangen, Germany). Myocardial func-
tion was assessed by cine trueFISP sequences (Sonata: TR 3.14, TE
1.57, flip angle 70°, matrix 200x256, Trio: TR 3.4, TE 1.7, flip
angle 50°, matrix 127x192) acquired in long and short axes views.
15 minutes after administration of 0.15mmol GadoliniumDTPA/kg
late enhancement images were obtained using a segmented inver-
sion recovery prepared Turbo FLASH sequence (Sonata: TR 600,
TE 4.38, flip angle 25°, matrix 208x256, Trio: TR 750, TE 4.3, flip
angle 30° matrix 166x256). For image analysis standardized meas-
urements of signal to noise (SNR) and contrast to noise (CNR) ra-
tios were performed in infarcted and normal myocardial regions.
Furthermore, two independent observers rated image quality on a
4-point scale (0=poor, 3=excellent).
Results: High quality images were obtained in all patients at 1.5
and 3.0T. In infarcted myocardium the average SNR was 47.3+-
13.5 at 3.0T versus 25.9+-13.0 at 1.5T (p<0.001). In normal my-
ocardium SNR was 6.6+-2.4 at 3.0T and 7.48+-2.6 at 1.5T (p=0.67
(non significant)). CNR was 40.6+-13.1 at 3.0T and 18.5+-12.1 at
1.5T (p<0.001). Rating of image quality was 2.5+-0.4 at 1.5T and
2.9+-0.1 (p<0.05) at 3.0T.
Discussion/Conclusion: Evaluation of myocardial viability at 3.0T
is feasible. Image quality at 3.0T is superior compared to 1.5T. Our
results indicate that signal to noise ratio and contrast to noise ratio
are substantially increased at 3.0T using identical contrast doses.
The potential clinical benefit of late enhancement MRI at 3.0T has
to be investigated by further trials.
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Cardiac 1MRS in human
J. S. Reingold, S. Kaka, N. Salas, L. S. Szczepaniak; Internal
Medicine and Radiology, UT Southwestern Medical Center,
Dallas, TX; UNITED STATES.

Introduction: Obesity indirectly contributes to heart disease, dia-
betes and hypertension. Work in rodents has advanced the hypothe-
sis that obesity promotes myocardial steatosis (1). In humans, 1H
MRS with cardiac and respiratory gating allows to measure lipid
deposition in myocardium in vivo (2,3). It was demonstrated that
myocardial triglyceride (mTG) increase with elevated BMI and are
correlated with LV mass (4). The purpose of this study was to de-
termine the stability of mTG in human over time, after consump-
tion of a single meal, and following a 48 hour fast.
Subjects: In five subjects, mTG was evaluated at a baseline and
after 90 days. Six people underwent testing before and after having
a meal containing 50g of fat. Additionally, five fasted for 48 Hours.
Blood was tested in GCRC at a baseline after each procedure.
Cardiac proton spectroscopy was performed on 1.5T Philips Intera
clinical scanner (Philips Medical Systems-Netherlands). Cardiac
and respiratory gating eliminated artifacts from motion. A 6 cm3

spectroscopic volume was selected within the ventricular septum
from cine images and a double spin echo sequence with echo time
of 25 ms was used for spectral localization and data collection.
Results: Myocardial TG (mTG) were stable over 90 days (p=0.18).
The single fatty meal was not able to change intrinsic levels of
mTG (p=0.10). However, 48 hours of fasting introduced significant
elevation of mTG (p=0.023 Figure).
Discussion: MTG levels in healthy humans are reproducible and
stable over long time. MTG content before and after a fatty meal
revealed a heterogeneous response to acute fat challenge. The post-
prandial mTG was not statistically different from overnight fasting.
However, the variance of a postprandial sample was significantly
higher (p=0.0005), suggesting that fasting subjects prior to testing
mTG levels, would decrease the variability of the measurement.
Many biochemical and histological changes are known to occur in
the heart in response to starvation and fasting. Histologically, fast-
ing induces intracellular lipid droplet accumulation in cardiomy-
ocytes. In experimental rodent models, lipid droplets accumulate
around mitochondria during fasting, whereas almost no lipid
droplets are visible in the normal, fed condition (5). Our experi-
ment of 48 hours fasting demonstrated that in human heart pro-
longed fasting induces high accumulation of mTG. It is unclear
however, whether the mTG accumulation is a reaction to protect
the tissue from toxic FFA or preparation for upcoming lethal starva-
tion.
References:
[1] Zhou_PNAC_2000_97_1784
[2] den_Hollander_MRM_1994_32_175
[3] Felbringer_MRM_1999_42_903
[4] Szczepaniak_MRM_2003_49_417
[5] Suzuki_AJP_2002_283_E94
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Quantitative flow measurements in the coronary sinus, 
combining 3T and SENSE
K. Markenroth1, V. Hjertberg-Kalman2, M. Carlsson2, P. Cain2, 
C. Holmqvist3, H. Arheden2, F. Ståhlberg4; 1Department of MR,
University hospital, Lund, SWEDEN, 2Department of Clinical
Physiology, University hospital, Lund, SWEDEN, 3Department of
Radiology, University hospital, Lund, SWEDEN, 4Department of
Radiophysics, University hospital, Lund, SWEDEN.

Introduction: The MR velocity mapping technique is becoming an
increasingly powerful tool for evaluation of functional heart dis-
ease (1). However, the flow in the coronary sinus remains challeng-
ing due to large vessel motion and distortion over the RR-cycle (2).
Quantitative flow (QF) measurements in this vessel require simul-
taneous high temporal and spatial resolution, in addition to accurate
phase mapping. Velocity mapping at 3T has been demonstrated and
the concept of parallel imaging has been evaluated in phase con-
trast imaging (3). The aim of this study was to obtain reliable QF
measurements in the coronary sinus (CS), to assess myocardial
flow. By combining high field strength, SENSE and segmented k-
space velocity mapping, short acquisition windows, yet clinically
relevant SNR values and total acquisition times (18 HB) were
achieved.
Methods: Phase images were acquired in vitro and in vivo on a
Philips Gyroscan Intera 3.0T, using a retrospective VCG-triggered
segmented fast GRE velocity-mapping sequence was used
(TE/TR/a = 3.5/5.3/10o, resolution 1.44x1.55x8.00 mm3, venc 40-
50 cm/s). A six-channel phased-array cardiac coil was used for
SENSE parallel imaging (R=2). Integration of the flow curve over
the RR-interval gave the CS flow (ml/min) (CSQF). Several con-
secutive measurements were performed on four healthy volunteers,
testing repeatability. For three of the volunteers, the left ventricular
mass (LVM) was also determined. Two independent observers ana-
lyzed the data, and one volunteer was scanned at two different oc-
casions. No background phase corrections were made.
Results: In a calibrated flow phantom, flow values measured man-
ually and with MR were in agreement. In vivo, the pattern of flow
was shown to be consistent for all volunteers and the measured av-
erage perfusion (CSQF/LVM ml/(g*min)) was in accordance to
that found in literature (4).
Discussion: We have demonstrated that velocity mapping at 3T
holds promise for accurate QF results in the CS using a segmented
k-space strategy combined with SENSE parallel imaging.
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References:
1. Arheden H. et al., [2001] J. Magn. Res. Im. 18:722-728
2. Hofman M.B., Wickline S.A., Lorenz C.H., [1998] J. Magn. Res.
Im. 8:568-576
3. Thunberg P., Karlsson M., Wigström L.,[2003] Proc 11th
ISMRM Abstract 1677
4. Kawada N. et al. [1999] Rad. 211:129-135

Fig. 1. The averaged flow curve (volunteer 1) shows agreement be-
tween the observers.

Table 1. Comparing the results of the four volunteers (m: number
of consecutive scans).

Table 2. Comparing the results for two separate sessions with vol-
unteer 2.
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The importance of Slice Following for the analysis of tagged
myocardial short axis images in patients with Fabry Disease
A. Rutz1, S. Ryf1, C. Juli2, U. Widmer3, S. Kozerke1, K. Wentz2, 
P. Boesiger1; 1Institute for Biomedical Engineering, University and
ETH, Zurich, SWITZERLAND, 2Inst. for Clin. Radiology,
Kantonal Hospital, Winterthur, SWITZERLAND, 3Department of
Medicine, University Hospital, Zurich, SWITZERLAND.

Introduction: Progressive left ventricular hypertrophy (LVH) is
the hallmark of cardiac manifestations in patients with Fabry dis-
ease (FD). Myocardial tagging using CSPAMM [1] and HARP [2]
is a powerful method to quantify LV functional impairment. In
healthy volunteers due to systolic LV shortening the displacement
of the imaged short axis slice can be up to 2cm [3]. Therefore a
slice following technique is mandatory for measuring identical
anatomical regions throughout the cardiac cycle, at the cost of a

lower contrast to noise ratio (CNR) [4]. FD patients with severe
LVH suffer from reduced LV shortening. It is unknown to what ex-
tent and which LV level (basal/mid-ventricular/apical) is most af-
fected in relation to the degree of LVH. This is of importance for
the acquisition of short-axis CSPAMM images as a reduction of the
acquisition volume results in higher CNR.
Methods: 5 volunteers (4 males(m),1 female(f)) aged 23-37yrs and
10 FD-patients (6m,4f) aged 17-58yrs (4 LVH & 2 LV concentric
remodelling (CR) vs.4 normal LV mass) were examined with a
1.5T Philips scanner. LV shortening (distance between mitral valve
& apex) was measured in end-diastole (ED) and end-systole (ES)
on 4 chamber view (4CHV) cine SSFP images. For the slice de-
pendent quantification of longitudinal displacement, 4CHV
CSPAMM images were acquired (2xlines, 8mm tag distance) with
a single breathhold EPI sequence (EPI-factor:11, FOV:330mm,
matrix:128x33, ramped flip angles, 20 cardiac phases). For each
scan, 6 points (LV apical/mid/basal level) were manually defined
on the ED images (Figure 1) and tracked with HARP incorporating
peak-combination [5]. The line drawn over the ventricular septum
was used as reference axis for the calculation of the longitudinal
displacement of each point. The direction of movements from base
toward apex was defined positive.

Figure 1
Results: Fabry patients with marked LVH have significantly re-
duced LV shortening compared to patients with mild or absent LVH
and normal controls (Table 1).

Table 1:The difference between normal controls and FD patients
with advanced LVH is statistically significant(*) at the basal level
(p<0.044) (Table 2). The LV shortening impairment decreases to-
wards the apex.

FD CR & LVH FD normal LV
mass controls

LV shortening 9.2±2.8mm 16.5±1.2mm 17.4±2.9mm



Clinical cardiology S71

Table 2: Displacement in long-axis direction from ED to ES for
each point in mm.
Conclusion: In FD patients with CR and LVH through-plane mo-
tion is reduced. Nevertheless, it is still too large to omit slice fol-
lowing for the acquisition of tagged short-axis images. We also
found that LV shortening impairment appears to be related to the
extent of LVH and decreases towards the apex, which is a new find-
ing in this group of patients.
References:
[1] Fischer SE,et al.,1993,MRM 30:191-200
[2] Osman N,et al.,1999,MRM 42:1048-60
[3] Rogers WJ,et al.,1991,Circulation 84(2):721-31
[4] Fischer SE,et al.,1994,MRM 31:401-13
[5] Ryf S.,et al.,2004,Proc SCMR:451
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HARP-Filter optimization for increased accuracy in the
analysis of tagged myocardial short-axis images
A. Rutz, S. Ryf, S. Kozerke, P. Boesiger; Institute for Biomedical
Engineering, University and ETH, Zurich, SWITZERLAND.

Introduction: Myocardial tagging combined with HARP [1] has
proven to be an accurate and fast method for the quantification of
myocardial deformation. A filter is used to extract the first harmon-
ic peak in k-space produced by CSPAMM [2]. Filter-design has
great influence on the accuracy of HARP and has to be adjusted
such that myocardial motion information is maximized while noise
and crosstalk of other peaks are minimized. An elliptical band-filter
is proposed in [3] and a high-pass(HP) filter in [4]. Both remain un-
changed during the cardiac cycle. However, rotation and contrac-
tion of the heart in left ventricular (LV) short-axis images causes
the portion of the peaks to move and broaden [5]. An optimized cir-
cular filter that follows the motion of the peak is proposed here and
compared with a HP-filter and a constant circular filter.
Methods: In 10 healthy volunteers LV short-axis CSPAMM im-
ages were acquired (2xlines, 8mm tag distance) at 3 cardiac levels
(apical/mid/basal) with a 1.5T Philips scanner using a single
breathhold EPI sequence (EPI-factor:13, FOV:380mm, ma-
trix:128x39, ramped flip angles:7-25°, 20 cardiac phases). For each
scan, 3 contours (endocardium/midwall/epicardium) of 72 points
were selected in the end-diastolic frame (Figure 1) and tracked with
HARP incorporating peak-combination [6]. Three different filter-
setups were used: HP-filter (cut-off at 42% of tagging frequency),
constant circular filter (radius 51% of tagging frequency) and vari-
able circular filter (radius approximately 30-80% of tagging fre-
quency). Prior to HARP with the variable circular filter, all
non-myocardial signal was zero-padded in image space. Radius
and position of the filter were calculated beforehand based on pa-
rameters obtained by HARP with constant circular filter. The num-
ber of correctly tracked points was examined and circumferential
shortening was calculated for 8 different sectors (Figure 1).

Figure 1:

Results: Figure 2 shows the circumferential shortening normalized
to end-systole calculated for each sector (thin lines) and the whole
LV (thick line) for a contour on the basal epicardium of a healthy
volunteer.
Figure 2:

Both circular filters performed significantly better than the HP-fil-
ter (Table 1). The improvement of the varying compared to the con-
stant circular filter was statistically significant (p<0.041) for the
contours on the basal epicardium and the apical endocardium. 

septum LV free
wall

basal mid apical basal mid apical

controls 12.1±2.3 6.7±1.8 2.3±2.0 12.2±2.9 6.2±1.3 1.8±1.5

FD n. LV
mass

10.6±1.5 5.9±1.4 1.8±1.7 11.3±3.0 6.3±1.7 2.2±0.9

FD CR &
LVH

9.1±1.7* 5.6±1.9 2.6±1.4 8.2±2.7* 4.2±3.1 2.5±2.6
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Table 1: Number of correctly tracked points (out of 72)
HP-filter const. var. circ. filter

circ. filter
basal epi 44.3±17.4 63.8±8.5 69.8±3.5*

mid 57.0±9.8 68.2±4.7 69.4±5.4
endo 45.7±15.0 66.7±6.3 67.9±7.5

equatorial epi 46.4±17.7 64.3±9.6 69.4±4.1
mid 61.7±7.8 69.9±2.7 69.0±7.9
endo 48.4±13.3 67.1±4.8 69.4±5.6

apical epi 45.8±10.2 63.1±6.2 66.6±7.8
mid 60.1±6.3 64.6±5.4 67.5±6.8
endo 45.3±10.5 59.9±6.2 65.8±7.2*

Conclusion: HARP-tracking on tagged myocardial LV short-axis
images is greatly influenced by the filter applied in k-space. The
accuracy of HARP can be improved by using a circular filter that
changes position and radius dependent on rotation and contraction
of the myocardium.
References:
[1] Osman N,et al.,1999,MRM 42:1048-60
[2] Fischer SE,et al.,1993,MRM 30:191-200
[3] Osman NF,et al.,2000,IEEE Trans 19:186-202
[4] Kuijer JP,et al.,2001,MRM 46:993-9
[5] Stuber M,et al.,1999,MRM 41:639-643
[6] Ryf S.,et al.,2004,Proc SCMR:451
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Short TE 1H-MRS in acute and treated Graves� Disease 
E. R. Danielsen1, T. Elberling2,3, G. Waldemar2, U. Feldt-
Rasmussen3, C. Thomsen1; 1Dept. of Radiology, University
Hospital Rigshospitalet, Copenhagen, DENMARK, 2Dept. of
Neurology, University Hospital Rigshospitalet, Copenhagen,
DENMARK, 3Dept. of Endocrinology, University Hospital
Rigshospitalet, Copenhagen, DENMARK.

Introduction: Graves� disease is an autoimmune disease of the
thyroid gland. Patients often have neurophyciatric and cognitive
complaints. Whether these symptoms disappear after treatment re-
mains disputed. Previous studies in acute Graves� disease showed
reduced Choline and myo-Inositol (1,2). This prospective study re-
ports MRS from a larger group of patients pre - and post treatment.
Material and Methods:
Subjects: Prospective study including 27 patients with acute
Graves� disease (1 year follow-up: 24 patients) and 33 sex and age
matched healthy volunteers.
MRS method and postprocessing: Three volumes of interest and
quantitation as in (2).
Statistical analysis: Paired and unpaired student�s t-tests.
Results:
Patients acute phase vs. volunteers: Total Choline (Cho) and myo-
Inositol (mI) were 17% and 6% decreased in occipital grey matter;
Cho was 20% reduced in frontal grey matter; and all i.e. Cho (-
16%), mI (-15%), total Creatine (Cr) (-7%), N-acetylaspartate

(NAA) (-5%) and Glutamine+glutamate (Glx) (-9%) were signifi-
cantly reduced in occipito-parietal white matter.
Patients 1 year post vs. volunteers: Glx in occipito-parietal white
matter was significantly reduced.
Patients acute phase vs. 1 year post: Significant differences corre-
sponding to normalization were found. Details are listed in table 1.
The quality of the spectra compared to the quality in (5), see exam-
ples of spectra therein.
Discussion/Conclusion: 
This study showed that the MRS abnormalities (reduced Cho and
mI) reported earlier were reversible after successful anti-thyroid
treatment.
Differing from earlier studies of Graves� disease in the acute phase,
this larger study showed small (-5% to -9%) but significant reduc-
tions of NAA, Cr and Glx in occipito-.parietal white matter. All ab-
normalies were reversible with the exception of Glx that remained
9% reduced (p< 0.02 vs. normal).
Further investigations are needed to reveal whether the finding of
reduced Glx in occipito-parietal white matter is associated with the
possible neuropsychiatric symptoms in the group of successfully
anti-thyroid treated patients. It should be noted however, that previ-
ous studies report reduced Glx associated with dementia (3,4) and
major depression (5,6), but whether the reduced Glx in the treated
Graves� disease plays a similar role remains an open question.
References:
[1] Bhatara et al. Psychoneuroendocrinology 23, 605, 1998.
[2] Elberling et al. Neurology. 60,142,2003.
[3] Ernst et al. Radiology, 203, 829, 1997.
[4] Antuono et al. Neurology 56,737,2001.
[5] Auer et al. Biol. Psychiatry, 47, 305, 2000
[6] Pfleiderer et al. Psychiatry Res. 122, 185, 2003.

Table 1a:Occipito-parietal white matter

Table 1b: Results in occipital grey matter

*: p<0.05, 
**: p<0.01, 
***: p<0.001,
****: p<0.0001,
etc

Graves'
disease
acute
mmol/kg

Acute vs.
volunteer

Graves'
disease 1y
post
mmol/kg

1y post
vs acute

1y post
vs vol-
unteer

volunteer
mmol/kg

NAA 9.44±0.94 * 9.94±0.81 ns ns 9.96±0.74

Cr 5.56±0.73 * 6.06±0.69 * ns 5.99±0.58
Cho 1.27±0.20 *** 1.59±0.14 ****** ns 1.52±0.19
mI 3.56±0.38 **** 4.15±0.47 **** ns 4.20±0.63

Glx 9.73±1.31 * 9.69±1.17 ns * 10.67±1.71

*: p<0.05, 
**: p<0.01, 
***: p<0.001,
****: p<0.0001,
etc

Graves'
disease
acute
mmol/kg

Acute vs.
volunteer

Graves'
disease 1y
post
mmol/kg

1y post vs
acute

1y post
vs vol-
unteer

volunteer
mmol/kg

NAA 10.16±0.68 ns 9.89±0.82 * ns 9.86±0.63

Cr 7.02±0.67 ns 7.20±0.58 ns ns 6.97±0.60
Cho 0.93±0.11 ******* 1.15±0.12 ********* ns 1.12±0.11
mI 4.20±0.46 * 4.73±0.54 ** ns 4.46±0.49

Glx 14.52±1.50 ns 14.08±1,79 ns ns 14.92±2.20
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Table 1c: Results in frontal grey matter.
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Quantitative MR imaging and spectroscopy in childhood white
matter disorders
P. van der Voorn1, P. J. W. Pouwels2, A. A. M. Hart3, J. Serrarens1,
F. Barkhof4, M. S. van der Knaap1; 1Child Neurology, VU
University Medical Center, Amsterdam, NETHERLANDS, 2Physics
and Medical Technology, VU University Medical Center,
Amsterdam, NETHERLANDS, 3Clinical Epidemiology and
Biostatistics, Academic Medical Center, Amsterdam, NETHER-
LANDS, 4Radiology, VU University Medical Center, Amsterdam,
NETHERLANDS.

Introduction: Highly variable pathologic changes may underlie
white matter abnormalities, including hypomyelination, demyeli-
nation, gliosis, interstitial edema, myelin vacuolation with in-
tramyelinic edema, and cystic white matter degeneration.
Conventional T1- and T2-weighted MRI show increased signal in-
tensity on T2 and decreased signal on T1-weighted images within
the affected white matter, but do not discriminate between these
white matter pathologies. Quantitative MR techniques, like diffu-
sion tensor imaging (DTI), magnetization transfer imaging (MTI)
and magnetic resonance spectroscopy (MRS), may provide more
insight into the underlying white matter pathological changes.
Subjects and Methods: 40 patients with a leukodystrophy (age: 8
months to 34 years) and 44 healthy age-matched controls (age: 1
week to 36 years) were examined at 1.5T. White matter lesions
were examined in patients with a (i) demyelinating disorder
(metachromatic leukodystrophy and globoid cell leukodystrophy),
(ii) hypomyelinating disorder, and (iii) disorder with white matter
rarefaction (megalencephalic leukoencephalopathy with subcorti-
cal cysts [MLC]) and cystic degeneration (vanishing white matter
[VWM]). Single voxel spectra were obtained from parietal white
matter (4-6 ml, STEAM, TR/TE = 6000/20 ms) and quantified with
LCModel. DTI was performed with b-values of 0 and 1044 s/mm2.
MTI was performed with a 3D FLASH sequence. Off-line postpro-
cessing of DTI and MT images yielded ADC and FA maps, and
MTR maps, respectively. Regions-of-interest corresponding to the
MRS voxels were transferred to the corresponding slices of the
ADC, FA and MTR maps.
Results: Clear differences were found between patients and con-
trols, and between patient groups (figure). Whereas ADC was high-
est in both disorders, the extremely low MTR in VWM
distinguishes it from MLC. Demyelinating and hypomyelinating
disorders have clearly lower MT ratios than controls. Diffusion pa-
rameters are relatively normal for hypomyelinating disorders, with
normal ADC and slightly decreased FA. On average demyelinating
disorders have elevated ADC as well as clearly decreased FA val-
ues.
Additionally, MRS findings were different between patient groups.

Disorders with white matter rarefaction showed variable decreases
of all metabolites. In demyelinating disorders tNAA was generally
decreased, accompanied by increases of Cho, Ins, and occasionally
Lac. In hypomyelinating disorders tNAA was normal or slightly
decreased, and Cho often decreased, whereas Ins was normal or
slightly increased.
Conclusion: Quantitative MR techniques are able to discriminate
between different white matter pathologies, and may help to classi-
fy unknown leukodystrophies into demyelinating and hypomyeli-
nating disorders and disorders characterized by white matter
rarefaction. Histopathologic correlates with these quantitative pa-
rameters will give further insight into underlying mechanisms.

131
Magnetic resonance spectroscopy in human brain and liver in
patients with chronic liver disease
B. Martínez-Granados1, M. C. Martínez-Bisbal1, J. M. Rodrigo2,
J. Olmo2, P. Lluch2, A. Ferrández3, L. Martí-Bonmatí4, B. Celda1;
1Department of Physical Chemistry, University of Valencia,
Burjassot, Valencia, SPAIN, 2Servicio de Hepatología, Department
of Medicine, Hospital Clínico Universitario, University of
Valencia, Valencia, SPAIN, 3Departamento de Patología, Hospital
Clínico Universitario, University of Valencia, Valencia, SPAIN,
4Servicio de Radiología, Hospital Universitario Dr. Peset,
Valencia, SPAIN.

Purpose: Patients with advance liver cirrhosis often have en-
cephalopathy. We studied the biochemical differences in human
brain and liver metabolites in these patients with MR spectroscopy.
Subjects and Methods: A 1.5 T clinical MRI unit (Philips
Gyroscan Intera, The Netherlands) was used for 1H MR spec-
troscopy (1H MRS) studies of the brain and liver in 13 patients (9
male and 4 female, mean age 54 years old) with chronic liver dis-
eases (5 hepatic cirrhosis, 7 chronic hepatitis with different severi-
ty indexes). In all patients a Single Volumes (VOI) MRS in the
parietal grey matter (20x20x20 mm), and in the right basal ganglia
(25x25x25 mm) were obtained with double TE 31 and 136 ms. A
liver VOI with TE 136 ms (45x45x45 mm, 128 measurements) was
also obtained. Additionally, MRS brain imaging (1H MRSI) (TE
272 ms) were acquired in all patients in the transverse (80x118x30

*: p<0.05, 
**: p<0.01, 
***: p<0.001,
****: p<0.0001,
etc

Graves'
disease
acute
mmol/kg

Acute vs.
volunteer

Graves'
disease 1y
post
mmol/kg

1y post
vs acute

1y post
vs vol-
unteer

volunteer
mmol/kg

NAA 8.93±1.65 ns 9.75±0.95 * ns 9.91±1.67

Cr 6.59±1.42 ns 7.30±0.98 ns ns 7.12±1.21
Cho 1.33±0.31 ** 1.77±0.31 **** ns 1.67±0.24
mI 4.34±1.01 ns 5.19±0.72 ** ns 4.97±0.88

Glx 15.88±4.44 ns 17.60±2.70 ns ns 17.66±2.19
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mm) and sagittal (90x40x60 mm) orientation including basal gan-
glia. Spectra were transformed and analysed with the jMRUI and
SiView (Spain) programs. Relative values of concentrations of
metabolites, particularly N-acetylaspartate (NAA), Choline (Cho),
Creatine (Cr), Glutamine/Glutamate (Glx) and myo-Inositol (mI)
were assessed. The homogeneity of the magnetic field was verified
by means of the width of the H2O signal in a nonsuppressed sol-
vent sequence.

Fig. 2 Localization of 1H MRSI in transverse (A) and sagittal orien-
tation (B).
Results: The average width of H2O signal was 6.25 Hz in brain
and 16.84 Hz in liver. A decrease of NAA and mI, and an increase
in Glx (2.12 ppm) were observed in the right basal ganglia of pa-
tients with chronic hepatitis and cirrhosis. The MRS of the liver
could be used to measured Cho, Cr, TMAO, Lipids and Glx, with a
relationship between the severity of the chronic disease and
metabolites.
Liver spectrus of a patient with chronic hepatitis (B) and a patient
with hepatic cirrhosis (C).

Fig 1. Localization of VOI liver spetrum (A).
Liver spectrums of a patient with chronic hepatitis (B) and a patient
with hepatic cirrhosis (C).
Discussion/Conclusion: In vivo 1H MRS is a non invasive method
to evaluate various metabolites. Ammonia, which is thought to play
an important role in the pathogenesis of several liver diseases, is
detoxified in astrocytes to glutamine by glutamine synthetase. The
alterations in the detoxification of ammonia, the quantity in the am-
monia and the osmotic balance might be reflected in the alteration
of the quantities of some metabolites (Glx, mI and Cho). In addi-
tion, different pathology severities of the diseased liver give a dif-
ferent spectroscopic profile.

132
Determination of postmortem intervals in forensic medicine:
in situ 1H-MR spectroscopy of human brain compared to tra-
ditional methods
E. Scheurer1, M. Ith2, K. Yen1, M. Thali1, P. Vermathen2, R. Kreis2,
R. Dirnhofer1, C. Boesch2; 1Institute of Forensic Medicine,
University Bern, Bern, SWITZERLAND, 2Department of Clinical
Research, University Bern, Bern, SWITZERLAND.

Introduction: The determination of the postmortem interval (PMI)
in forensic medicine has an enormous impact on legal, criminalis-
tic, and psychological processes. However, uncertainty concerning

the real time of death often stays in the order of weeks. In situ 1H-
MRS of decomposing brain [1] in a sheep model revealed unequiv-
ocal concentration changes of metabolites over at least 3 weeks
postmortem [2], allowing the calculation of PMI�s by inverse para-
meterized functions [2]. The present work compares MRS-based
PMI�s with PMI�s determined by traditional forensic methods.
Materials and Methods: Postmortem in situ brain spectra from 32
human bodies with PMI�s of 11-897h. Inclusion criteria: scull and
brain not injured, good criminalistic information on time of death.
Exclusion of 13 cases from further analysis (forensic PMI re-
mained excessively large, extreme temperature conditions during
postmortem period). Forensic PMI by evaluation of body tempera-
ture, livor and rigor mortis, putrefaction signs and criminalistic in-
formation.
Spectroscopy: 1.5T (GE SIGNA), quadrature head coil, single-
voxel PRESS sequence (TR=3s, TE=20ms), water/outer volume
suppression, ROI�s in frontal and parieto-occipital region, quantita-
tion using fully relaxed water signal, fitting with LC Model with a
basis set of 27 metabolites. Determination of PMI by applying the
inverse parameterized functions of 10 metabolites. Exclusion of
metabolites with concentrations outside pre-defined limits [2].
Standard deviations calculated from time predictions of individual
metabolites.
Results: The figure compares the time since death of 19 bodies
(PMI 11-226h) determined by traditional forensic methods with
calculated PMI�s based on metabolite concentrations measured by
1H-MRS. Linear regression leads to PMI(MRS) =
0.557*PMI(forensic) + 26.9, R = 0.708, p(slope) < 0.001, p(inter-
cept) = 0.09. Exclusion of the rightmost case improves the correla-
tion to R = 0.794, p(slope) < 0.001, p(intercept) = 0.32. Error bars
of forensic PMI�s are large, upper and lower limits of 50% of the
cases cover more than 72h.
Discussion and Conclusion: The large error bars of forensic
PMI�s demonstrate that the determination of PMI�s in forensic
medicine covering time spans of several days or weeks can rarely
serve as �gold standard�. Forensic methods often overestimate
PMI�s systematically. Standard curves determined in the sheep
model can be used to calculate PMI�s of human bodies with a rea-
sonable correlation up to 200h.
References: [1] Ith M et al. [2002] Magn. Reson. Med. 48:915; [2]
Scheurer E et al., [2003] Proc. ISMRM 11:569.
Acknowledgements: Gebert-Rüf Foundation (GRS-069/99),
Swiss National Foundation (31-059082)
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Intra-individual variability of 1H-MRS metabolite
measurements at 3T
N. Soreni1,2, M. D. Noseworthy2, W. Oakden2, R. Schachar1;
1Psychiatry Research Unit, The Hospital for Sick Children,
Toronto, ON, CANADA, 2Diagnostic Imaging, Imaging Research
Center, Brain Body Institute, Hamilton, ON, CANADA.

1. Purpose/Introduction: There is evidence that reproducibility of
brain 1H-MRS measurements is limited by both scanner perform-
ance variations and intra-individual factors. To date, studies have
supported voxel positioning effects and interregional heterogeneity
of metabolite concentrations. In addition, normal physiological
variations may also contribute to variations of metabolite measure-
ments within the same indivdual. Therefore, some have advocated
the use of Creatine (Cr) levels as an internal reference standard.
However, there is evidence that intra-individual factors may have
differential effects on brain metabolites [1]. The following study
examined possible positional and diurnal physiological effects on
1H-MRS measurements of Cr and N-acetyl-aspartate (NAA), a
marker of neuronal viability. We hypothesized that both time of day
and voxel positioning will have significant effects on NAA and Cr
levels.
Subjects and Methods: Scanning was performed on a GE Signa
twin speed 3T MRI scanner using a quadrature head coil and
PROBE-SV package. We acquired in vivo single voxel -1H-MRS
measurements (PRESS, Volume=4.5cc, TE=30, TR=3000, 256 av-
erages) of right and left caudate nuclei in 10 right-handed healthy
adults. Each subject was scanned twice (morning and afternoon)
during a 24 hour interval. To rule out possible time of day effects of
scanner performance we acquired 16 measurements of a standard
GE phantom during morning (N=8) and afternoon (N=8) hours.
Spectral analysis was performed using the LCmodel software. To
test our hypothesis, we performed a repeated measures procedure
that included three within-subject factors: �metabolite� with 2 lev-
els (Cr and NAA), �region�, with 2 levels (left and right caudate),
and �time� with 2 levels (morning and afternoon). For the phantom
measurements we used a similar two within-subject factors design
("metabolite� with 2 levels and �time� with 2 levels).
Results: In vivo measurements revealed a significant interaction
(p=0.016) between time of day and metabolite levels. In addition,
no significant diurnal variability of phantom metabolite levels was
observed.
Discussion: Our findings suggest a differential temporal effect on
1H-MRS NAA and Cr measurements that cannot be attributed to
variability of scanner performance. In accordance with other stud-
ies this may emphasize the problematic aspects of using metabolite
ratios to quantify 1H-MRS results [1]. Further studies are required
to learn whether standardization of 1H-MRS acquisition time may
contribute to improved reproducibility of measurements.
1. Li, B.S., et al. Metabolite ratios to assumed stable creatine level
may confound the quantification of proton brain MR spectroscopy.
Magn Reson Imaging, 2003. 21(8): p. 923-8.
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Acquisition-weighted matrix spectroscopy increases SNR in
clinical brain CSI
U. Boettcher, J. Ruff, R. Stefan; Siemens Medical Solutions, MR
Application Development, Erlangen, GERMANY.

Introduction: While fast CSI methods reduce the minimum acqui-

sition time (TA), they need at least the same TA for gaining the
same SNR as conventional techniques [1]. For the usual detection
of weak signals in MRS, it is important to maximize SNR gain per
unit acquisition time. We examine the benefit of using a 12 element
head matrix coil and k-space weighting.
Methods: Among the various suggested weighting methods [2,3],
we consider acquisition weighting. The CSI-sequence with PRESS
VoI excitation (TR = 1.5s, TE = 30 - 300 ms), requires TA = 6 min
for 16 x 16 phase-encodes and 3 averages in k-space centre, gain-
ing an SNR for which full k-space sampling had required TA = 19
min; nominal voxel size is 1 cc. Phantom and volunteer data were
acquired on a MAGNETOM Avanto 1.5T (Siemens Medical
Solutions, Erlangen), using a 12 CP element head �matrix� coil,
and a standard coil for comparison. Coherent signal combination is
obtained by weighting the signals of each element by complex fac-
tors Wi(r).Optimal SNR is obtained if |Wi| is set to the local recep-
tion sensitivity [4]. Utilizing the 3D FLASH reference images
obtained from the selected elements and the body coil allows signal
intensities to be normalized to the homogeneous body coil recep-
tion profile.
Results: Combined CSI data showed increased signal when (i) spa-
tially resolved weighting factors were used and (ii) phase correc-
tion was obtained from the spectroscopy data. Regarding CSI
homogeneity, the single array data showed a standard deviation of
the acetate signal within 16 voxels of 12%, the 12 element matrix
data a deviation of 9% using sum of squares normalization, and a
deviation of 7% using normalization to body coil. While SNR gain
remained insignificant for voxels close to iso-centre positions, we
consistently found a significant increase in SNR for off-centre vox-
els.
Matrix CSI:
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Single Array CSI:

Grid location:

Discussion and Conclusion: It has been shown that by using a 12
receive element matrix coil, CSI scan efficiency can be further in-
creased at least for off-centre voxels. The weighting property of the
combination algorithm removes the requirement of selecting the
contributing coil elements, as the non-contributing elements are
suppressed.
Literature:
[1] Pohmann etal., JMR, 129, 145 - 160 (1997), [2] Kuehn etal.,
MRM, 35, 457-464 (1996), [3] Pohmann etal., MRM, 45, 817-826
(2001), [4] Roemer etal., MRM, 16, 192-225 (1990), [5] Schaeffter
etal., MRM, 40, 185-193 (1998)

EPOS Highlights Session
2:30 pm - 3:30 pm EPOS Theatre

Contrast agents

135
Selecting vectors to image apoptosis by phage display
technique
C. Laumonier1, J. Segers1, S. Laurent1, A. Michel2, L. Vander
Elst1, R. N. Muller1; 1Organic Chemistry, University of Mons-
Hainaut, Mons, BELGIUM, 2Biochemistry, University of Mons-
Hainaut, Mons, BELGIUM.

Introduction: Apoptosis is a physiological process that becomes
pathologic either by overactivity or inhibition. A dedicated contrast
agent evidencing pathologies where apoptosis takes place or would
be useful to monitor antitumor therapies. Phage display is a new
and powerful method to select peptides with high affinity for a
given target like phosphatidylserine (PS) in this study. Subsequent
coupling of the selected peptides with a magnetically active species
would produce selective MRI contrast agents.
Methods: Biopanning was performed ex vivo, with a linear 6-mer
library, on livers from a anti-fas-treated mice. One peptide (3E),
was obtained by solid phase synthesis. Binding experiments were
performed by ELISA to determine its apparent affinity constant.
Competition ELISA was also carried out with annexin V. The new
contrast agent obtained by grafting the synthetic peptide to USPIO
was tested on cells culture. Apoptosis was induced on JURKAT
cells by treatment with camptothecin. Treated and untreated cells
were incubated with the vectorized USPIO ([Fe] = 4 mM) during
2h at 37°C. The image acquisition was performed at 4,7 T, with a
spin echo sequence (TR/TE: 3000/15 ms, 24 echos).
Results: The Ka of clone called (3E) obtained from the curve fixa-
tion (Fig. 1A) is 1.6 1011 mol/l. The competition between the syn-
thetic peptide and the 3E-displaying phages bound to PS, as
expressed by the half-maximal inhibition (IC 50), is equal to 217.7
nM (Fig. 1B). The same index in the case of annexin V is 31.6 nM.
The in vitro MRI shows that the contrast agent specifically targets
the apoptotic cells (fig.1D) demonstrating that the peptide does not
loose its affinity for PS after coupling with USPIO.
Fig. 1: Fixation curve of clone 3E (A), competition curves with
annexinV (B)
Apoptotic (1) and healthy (2) cells incubated with USPIO-peptide,
healthy (3) and apoptotic cells (4) incubated with USPIO (C).
Discussion and Conclusions: The phage display technique is a
very promising strategy to select proper vectors to be branched to
magnetic reporters in order to produce specific contrast agents for
molecular imaging. In this study we have selected a hexapeptide to
target apoptosis by MRI. This peptide was synthesized and
branched to USPIO to give a new contrast agent which successful-
ly distinguished apoptotic cells from healthy ones.
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Development of gadolinium-based contrast agents for stem cell
labeling
H. Baltzer, G. J. Stanisz; Imaging Research, Sunnybrook and
Women's College Health Sciences Centre, Toronto, ON, CANADA.

Purpose/Introduction: Recent findings have proven that MRI is
an excellent, non-invasive tool for tracking transplanted neural
stem cells labelled with an iron-based contrast agent (CA) [1].
Gadolinium is more desirable as a CA for the purpose of SC-la-
belling as it will allow us to further monitor tissue regeneration
using other MRI measurements (MT, diffusion) following the SC
grafting. Gadolinium-based labelling has had moderate success,
but has not been as effective for monitoring the migratory progress
of cells [2]. The purpose of this research is to develop novel,
gadolinium-based CAs appropriate to label neural stem cells (SC)
prior to transplantation into damaged neural tissue, and provide im-
proved contrast enhancement for SC therapy monitoring.
Methods: We have produced two categories of gadolinium-based
CAs: a dendrimer-based molecule and an emulsion-based particle.
The dendrimer-CAs are prepared using a series of organic reactions
followed by gadolinium chelation. The emulsion CAs are com-
posed of a hydrophobic core encapsulated by biocompatible surfac-
tants that incorporate both gadolinium and cationic charge into the
outer shell. Both CAs are fluorescently tagged. T1 relaxivities were
measured at 1.5 and 3T. Cellular uptake of the two CAs has been
mediated using different methods depending on size/charge: elec-
troporation of stem cells for uptake of the dendrimer CAs and en-
docytosis of the cationic emulsion CAs. All SCs labelled with these
CAs are separable from the non-labelled population using fluores-
cence-activated cell sorting (FACS).
Results: The emulsion CAs have a T1 relaxivity of 16(mMs) -1
and the dendrimer CAs with 17(mMs) -1 at 1.5T. Both electropora-
tion (for dendrimer CAs) and endocytosis (for emulsion CAs) have
proven to be highly efficient. Labelling efficiency and cell viability
is high based on FACS results. Preliminary work has allowed de-
tection of less than 100,000 cells suspended in viscous phantom so-
lutions.
Discussion: Two CAs have been produced in order to compare
their effectiveness for SC tracking. FACS allows for tracking of
only CA-labelled SC populations. The emulsion particles are novel
in this application as CAs and are ideal due to the ease of cellular
uptake and high T1 relaxivity. The detectability of the labelled cells
provides promising insight that these novel CAs will allow for an
effective method for tracking SC migration in in vivo trials.
References:
[1] Bulte JWM [2003] et al. Magn Reson Med 50:201-205.
[2] Modo M [2004] et al. Neuroimage 21:311-317.
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Synthesis and cell uptake of novel superparamagnetic-dansyl
conjugates
Y. Wang1, K. Lin1, G. Liu2, T. Cheng3; 1Medicinal and Applied
Chemistry, Kaohsiung Medical University, Kaohsiung, TAIWAN
REPUBLIC OF CHINA, 2Medical Imaging, Kaohsiung Medical
University, Kaohsiung, TAIWAN REPUBLIC OF CHINA,
3Biomedical Science and Environmental Biology, Kaohsiung
Medical University, Kaohsiung, TAIWAN REPUBLIC OF CHINA.

Introduction: Real-time noninvasive imaging of gene expression
in vivo is a powerful technique that enables early temporal moni-
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toring of gene expression in single living animals during the devel-
opment of disease or during administration of transgenes for gene
therapy. High sensitivity of clinic imaging is required because of
the low concentration of cell receptors. Iron oxide nanoparticles are
enough sensitive to be a MRI probe in detecting specific cells or
tissues. The membrane-dansyl scFv (mDNS scFv) can be stably ex-
pressed on the B16F1 cells in vitro and in vivo. Therefore, the dan-
syl group has conjugated with the iron-dextran nanoparticles and
proved its presence by fluorescent emission. The specificity of dan-
syl-EDBE-iron-dextran was proved by flow cytometry.
Subjects and Methods: The dansyl-EDBE(2,2�-(ethylenedioxy)-
bis(ethylamine)) was prepared by reacting dansyl chloride with
EDBE. Purification of dansyl-EDBE by silica gel used the solvent
system of CH2Cl2 : MeOH = 1 : 4.
Iron-dextran nanoparticles was oxidized with NaIO4. After stirring
for 60 min at 23 °C, the iron-dextran solution was dialyzed
overnight. A dansyl-EDBE (dissolved in 1 ml MeOH) was added to
above solution, and stirred 24 hr. The product was dialyzed exten-
sively and then stored at 4 °C.
Results and Discussion: The core diameter of iron-dextran parti-
cles was about 10 nm under the transmission electron microscope
and the relaxivities of the particles were measured (r1=37.13 mM-

1s-1 and r2=81.32 mM-1s-1 at 0.47 T, 37 ± 0.1 °C). The fluorescent
emissions of dansyl-EDBE-iron-dextran nanoparticles were meas-
ured (excitation/emission at 355/530 nm) and its emission value
was twice higher than unmodified iron-dextran nanoparticles at a
concentration of Fe 1mM. F1-DNS (expressing dnasyl receptors)
and F1-Ox(as a control group) cells were analyzed for the expres-
sion of dansyl receptors with dansyl-EDBE-iron-dextran nanoparti-
cles by using flow cytometry. According the results,
dansyl-EDBE-iron-dextran nanoparticles were specific for F1-
DNS but not for F1-Ox.
Conclusion: The dansyl-EDBE-iron-dextran nanoparticles were
synthesized, and fluorescent emission and flow cytometry proved
that dansyl-EDBE-iron-dextran nanoparticles were specific for the
cell with dansyl receptors.
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Pheromone-induced in vivo tract-tracing in the anaesthetized
male rat using manganese-enhanced MRI
A. A. Veltien1, T. Pattij2, J. G. Veening2, A. Heerschap1; 1Radiology,
University Medical Center Nijmegen, Nijmegen, NETHERLANDS,
2Anatomy, University Medical Center Nijmegen, Nijmegen,
NETHERLANDS.

Introduction: The paramagnetic properties of manganese ions
(Mn2+) and their ability to enter activated neurons through voltage-
gated calcium channels have recently been proven an useful in vivo
neuronal tract-tracing method in various species [1-3]. Although
time-course analysis on in vivo manganese-enhanced magnetic res-
onance imaging (MRI) has been described recently after glutamate
administration and forepaw stimulation [4], a time-course analysis
of manganese in the olfactory bulbs using olfactory stimulation has
not been described yet. Therefore in the present study, we studied
the in vivo time-course of accumulation and anterograde transport
of manganese along the olfactory bulbs in the male rat upon
pheromonal stimulation.
Materials and Methods: MRI experiments were performed on a
7T MR-spectrometer using a 20 mm diameter surface RF coil.
Multislice Spin Echo (TR = 500, TE = 12 ms, FOV = 50 mm, ma-
trix size = 256x256) imaging was performed following exposure to
aerosolized manganese-chloride for 15 minutes under isoflurane

anesthesia. One hour after exposure, anterograde transport and ac-
cumulation of manganese was determined prior to, during and im-
mediately following continuous pheromonal stimulation with
odours of oestrous female rats.
Results and Discussion: MR images prior to pheromonal stimula-
tion showed dense accumulation of manganese in the olfactory ep-
ithelium, but not olfactory bulbs. Nevertheless, immediately
following pheromonal stimulation manganese could be detected in
the lateral regions of the rostral olfactory bulbs by an signal in-
crease (figure 1). Over time, a time-dependent increase in intensity
of manganese accumulation could be observed in these lateral re-
gions with an intensity gain of over 100% within 2 hours after stim-
ulation (figure 2). Subsequent images indicate anterograde
transport of manganese along the olfactory bulbs. Approximately
four hours after the onset of pheromonal stimulation, manganese
could also be detected in the medial regions of the caudal olfactory
bulbs. Taken together, the present findings indicate the possibility
of reliably studying the time-course of pheromone-induced accu-
mulation and anterograde transport of manganese in vivo in the
anaesthetized male rat.

References:
[1] Pautler and Koretsky (2002) Neuroimage 16: 441-448.
[2] Saleem et al. (2002) Neuron 34: 685-700.
[3] Van der Linden et al. (2002) Neuroscience 112: 467-474.
[4] Aoki et al. (2002) Magn Res Med 48: 927-933



Contrast agents S79

139
Axon tracing in the rat optic nerve using mangafodipir
C. Brekken1, T. B. Pedersen1, M. Thuen1, T. E. Singstad2, 
M. Berry3, A. Sandvig4, O. Haraldseth1; 1Circulation and Medical
Imaging, Norwegian University of Science and Technology,
Trondheim, NORWAY, 2Medical Imaging, St.Olavs Hospital HF,
Trondheim, NORWAY, 3Neural Damage and Repair, GKT School of
Biomedical Sciences, King�s College, London, UNITED KING-
DOM, 4Institute for Experimental Medical Research, Ullevaal
University Hospital, Oslo, NORWAY.

Purpose/Introduction: Manganese-enhanced MRI to visualize
CNS pathways has emerged as an experimental method with clini-
cal potential. However, among several shortcomings cellular toxic-
ity of manganese hinders translation of the method to the clinic.
Currently, most experimental studies use bolus injection of MnCl2
for axon tracing. In this study, it is demonstrated for the first time
that the clinically approved contrast agent mangafodipir
(Teslascan®) can be used to visualize the optic pathway in rats,
from the retina to the superior colliculus.
Subjects and Methods: 11 inbred female Fischer rats (120g) un-
derwent a series of 3D MRI from 1 hr up to 48 hrs after injection of
a 3 µl bolus of contrast agent into the corpus vitreum of one eye
using a purpose-built injection device. 4 rats were injected with
mangafodipir (Teslascan®; 0.3E-09 mol), 5 rats with MnCl2 (0.1E-
06 mol), and 2 rats with gadodiamid (OmniscanTM; 1.5E-06 mol).
MRI was performed at 2.35T using a Bruker Biospec Avance
DBX-100 with a 72mm volume transmit coil, an actively decou-
pled quadrature rat head surface receive-only coil and water-cooled
BGA-12 (200 mT/m) gradients. The animals were anaesthetised
and placed head-first prone in the magnet using a dedicated animal
bed. Warm air was passed through the magnet to maintain a body
temperature of 37°C. The 3D data set was obtained using a T1-
weighted 3D gradient-echo sequence (FLASH) with
TR/TE=15/4.2ms, flip angle=25deg, averages=8, total scan
time=33min. FOV=5cm rostal-caudal and left-to-right, 2cm in dor-
sal-ventral direction, voxel-size=195x195x312µm3. Local regula-
tory authorities approved all animal protocols. The 3D-image data
were analysed using ParaVision 3.0.1 (Bruker Biospin). 2D images
reconstructed from the 3D volume were inspected visually using
the 3D multiview tool.
Results: MnCl2 and mangafodipir, but not gadodiamid, were taken
up in the retina after intravitreal injection and transported along the
optic nerve to the superior colliculus. After 1 hr no manganese en-
hancement was visible in the nerve, but after 24 hrs both MnCl2
and mangafodipir enhanced the optic nerve contrast visually. On
the contrary, gadodiamid did not enter the axons and was cleared
within 24 hrs after intravitreal injection.
Discussion/Conclusion: The clinically approved liver contrast
agent mangafodipir can be used to visualize CNS axons in a specif-
ic manner. The slow-release properties of this contrast agent might
be an advantage in reducing cellular manganese toxicity observed
with MnCl2. More extensive studies are necessary to elucidate
whether mangafodipir can be of use clinically for CNS axon trac-
ing.
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Inversion Recovery based Manganese Enhanced MRI 
(IR-MEMRI) reveals the entire song control system of a living
canary
I. Tindemans, T. Boumans, M. Verhoye, A. Van der Linden; 
Bio-Imaging Lab, University of Antwerp, Antwerp, BELGIUM.

Introduction: The song control system (SCS) of songbirds, a bilat-
eral circuit of distinct, strongly ipsilateral interconnected brain re-
gions (see scheme), is an excellent model to study brain plasticity
and has thus far been extensively analyzed by histological and elec-
trophysiological methods. Recently we were able to visualize 2 im-
portant song control nuclei (RA and X) in living songbirds using
MEMRI1.

In this study we want to extend the visualization to the entire SCS
in living songbirds by injecting tiny volumes of MnCl2 into two
different song control regions and taking advantage of its transsy-
naptic paramagnetic tract tracing capacities. Spin Echo Inversion
Recovery (SE-IR) was used to enhance the contrast to enable dis-
crimination of very small nuclei.
Methods: Male adult canaries were anaesthetized and fixed in a
stereotaxic apparatus to inject 10nl of MnCl2 (10mM) in the left
HVC3 (2.5mm lateral, 0.5mm deep, 0.5mm posterior to the refer-
ence point)2 and the right MAN3 (0.5mm lateral, 2.5mm deep,
4mm anterior to the reference point)2. At least 7h later the anes-
thetized (1.5% isoflurane) and accurately monitored (temperature
and respiration rate) birds are brought into the 7T MR microscope
(MRRS, UK). Transversal and sagittal SE images were then ob-
tained with either a T1-weighted (265x128 matrix,
TR/TE=299ms/17ms, 20mm FOV, 10 slices 0.8mm thick, 16 aver-
ages) or an IR (265x128 matrix, TR/TE=4000ms/20ms, TI=855ms,
20mm FOV, 10 slices, 0.8mm thick, 10 averages) sequence.
Results: Upon small manganese injections into HVC of the right
and into MAN of the left hemisphere, we were able to clearly visu-
alize ipsilateral connected song control nuclei including HVC, RA,
X, lMAN, mMAN and DLM in living canaries3 (see transversal
figures).

Also ventricles, laminae, fibres tracts, telencephalic and brainstem
structures could be visualized offering new prospects for avian
brain research. Comparing IR-MEMRIs obtained at different times
after Mn injection allowed to observe brain regions loading up and
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again losing manganese as a result of the transsynaptic nature of
the axonal transport and opening potentials for Dynamic MEMRI.
Conclusion: IR-MEMRI, using very small volumes of contrast
agent (minimizing possible neurotoxicity) and using SE-IR to en-
hance the contrast between the manganese accumulating regions
and the rest of the brain allows visualizing the entire SCS in vivo in
small songbirds and offers in addition a greater anatomical resolu-
tion of the entire songbird brain as compared to MEMRI.
(Supported by IWT)
References:
[1] Van der Linden et al, 2002, Neuroimage
[2] Stokes et al., 1974, JcompNeurol
[3] Reiner et al., 2004, JCompNeurol
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New manganese contrast agent: contrast enhancement at
0.23T, 0.6T and 1.5T MRI
E. Chabanova, H. S. Thomsen, V. Løgager, J. M. Moller, 
K. Brage, K. Fogh, J. Bovin, J. Elmig; Diagnostic Radiology 54E2,
Copenhagen University Hospital at Herlev, Herlev, DENMARK.

Purpose/Introduction: The objective is to evaluate a new oral
manganese contrast agent for Magnetic Resonance Imaging (MRI)
and to compare the results for different magnetic field strengths.
The contrast agent is composed of manganese chloride, alanine and
vitamin D3 (CMC-001, CMC Contrast, Malmö, Sweden). The oral
intake avoids exposure of most organs to manganese except bowel
and liver. Therefore, CMC-001 is a safer potential liver-specific
agent in comparison with the approved hepatocyte-specific liver
agents requiring intravenous injection.
Subjects and Methods: Twelve healthy volunteers underwent ab-
dominal MRI one week before and within 2½-4½ hours after the
contrast intake at three different MR scanners of 0.23, 0.6 and 1.5
T. MR scanning protocol included T1w-sequences in coronal and
in transversal planes, and a T2w-sequnece in coronal plane. Image
contrast and intensity enhancement of liver and pancreas were
analysed. Manganese concentration was monitored by blood tests.
Results: Whole-blood manganese concentration was not affected
by the intake of the CMC-001. The liver intensities on T2w images
decreased about 10% for the 1/2 dose and about 20% for the full
dose. No field-dependence of the T2 effect has been observed. The
liver intensities on T1w images enhanced over 30% for 1/2 contrast
dose and over 40% for full contrast dose. The maximum T1-en-
hancement is achieved at the higher field of 1.5 T. Pancreas was not
affected by the CMC-001 contrast. Contrast between liver, muscle
and fat intensities has been found to grow with magnetic field.
Discussion/Conclusion: The new oral contrast CMC-001 leads to
a distinguished liver intensity enhancement on MR images. It
seems to be a promising positive liver-specific agent, which can be
applied for liver MRI examination performed on MR scanners with
a broad range of magnetic fields.
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Optimal Echo Time for SPIO-enhanced Gradient Echo MR
imaging for evaluation of focal hepatic lesions 
M. Kim, K. Kim, J. Chung, J. Kim, Y. Oh, J. Lim; Diagnostic
Radiology, Yonsei University College of Medicine, Seoul, REPUB-
LIC OF KOREA.

Purpose: To determine the optimal echo time for superparamag-
netic iron oxide (SPIO)-enhanced gradient echo (GRE) MR imag-

ing for the depiction of focal hepatic lesions.
Materials and Methods: 89 patients who were referred for hepat-
ic MR imaging for the evaluation of known or suspected focal he-
patic lesions were studied. 128 lesions (39 hepatocellular
carcinomas, 28 metastases, 13 cysts, 18 hemangiomas, 6 cholan-
giocarcinomas, and 6 miscellaneous lesions) were included.
Ferucarbotran-enhanced MR images were obtained using GRE se-
quences at four different echo times: 9, 13.5, 18, and 22.5 msec, re-
spectively. Field of view, frequency and phase encoding, and the
receive bandwidth was fixed for all sequences. The contrast-to-
noise ratio (CNR) of a lesion and signal-to-noise ratio (S/N) of the
liver were compared by lesion type and the presence of cirrhosis.
Results: For overall lesions, The CNR at the GRE images obtained
at TE = 13.5 msec was higher than those obtained at TE = 9, 18,
and 22.5 msec. For lesions that may take up SPIO agents (heman-
gioma and HCC), CNR was highest at GRE images of TE = 13.5
msec and it was significantly higher than CNR of GRE images ob-
tained at TE = 18 and 22.5 msec. For lesions that may not take up
SPIO agents (cysts and metastases), CNR was highest at the images
obtained at TE = 18 msec, but the difference was not significantly
different among the four sequences.
Conclusions: The optimal TE for SPIO-enhanced GRE images
seems 13.5 msec, but the CNR of liver lesions can be varied ac-
cording to the lesion types.
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Passive catheter tracking using MRI and hyperpolarized 13C
P. Magnusson, S. Mansson, J. S. Petersson, C. Chai, G. Hansson,
E. Johansson; GE Healthcare Bio-Sciences, Medical Diagnostics,
Malmö, SWEDEN.

Introduction/Purpose: Active catheter tracking methods may suf-
fer from practical limitations such as hampered mechanical proper-
ties as well as tissue heating due to the catheter RF-coils. Passive
tracking methods using susceptibility artifact inducing dysprosium
oxide markers depicts discrete points along the catheter only, and
the use of catheter contrast agents with short T1-releaxtion times
may suffer from insufficient signal difference between catheter and
surrounding tissue. The purpose was to study the possibility of vi-
sualizing a catheter in vivo, containing flowing hyperpolarized 13C
contrast agent.
Subjects and Methods: A commercial three lumen catheter was
modified in order for two of the lumens to form a loop where the
hyperpolarized 13C contrast agent could flow without leaving the
catheter. The third lumen was left open to enable injection of con-
trast agent into the endovascular space. Projection images of the
catheter, moving trough the pig aorta, to the renal arteries and to the
aortic arch, were acquired using a TrueFISP pulse sequence with a
flip angle of 180 deg. Subsequently to 13C-imaging, repeated 1H-im-
aging with a 2D multi-slice spin-echo pulse sequence was per-
formed in order to acquire a morphological 3D data set. A
time-resolved 3D catheter data set was subsequently reconstructed
from the 13C projection images. The resulting time-resolved 13C 3D
data set was registered with 1H 3D data set. The coordinate of the
catheter tip was determined for each time frame and three orthogo-
nal planes was selected from the 1H 3D data set based on the posi-
tion of the catheter tip. The moving catheter was also 3D
visualized.
Results: The moving 13C-catheter could be visualized in vivo. Dual
orthogonal projection images of the moving 13C-catheter could be
acquired with a temporal resolution of 658 ms and an in-plane res-
olution of 2x2 mm

2 
with a typical SNR of 70.
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Discussion/Conclusion: The morphological 1H data was generated
subsequently to the actual catheter movement visualization, i.e.
only the catheter was visible during catheter movement visualiza-
tion. In order to perform actual catheter tracking the morphological
1H images positioned at the catheter tip has to be acquired during
catheter movement. This study shows that a moving 13C-catheter
can be visualized in vivo using MRI, and indicates that the method
can be developed into an in vivo catheter tracking technique.
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Methods to convert para-hydrogen spin order into hetero
nuclei polarization for in vivo detection
H. Jóhannesson1, O. Axelsson1, M. Karlsson1, M. Goldman2; 
1Bio-Sciences, GE Healthcare, Malmö, SWEDEN,
2DSM/DRECAM/Service de Physique de l� Etat Condensé, CEA
Saclay, Gif-sur-Yvette, FRANCE.

Introduction: Para-hydrogen can be used for creating high polar-
ization of hetero nuclei, exceeding the thermal equilibrium polar-
ization by several orders of magnitude. The transfer of
para-hydrogen spin order into polarization of a suitable hetero nu-
cleus can be accomplished by either a diabatic field-cycling
scheme [1, 2] or by RF pulses before administration of the contrast
agent to the patient. The purpose of the present work is to demon-
strate how the rf pulse method works, compare it with the field cy-
cling method, and discuss the theoretical limits of these
approaches.
Methods: Para-hydrogen was produced by passing normal hydro-
gen gas through a catalyst at a temperature of 14 K. The resulting
gas consisted of more than 95% para-hydrogen, and was used in a
hydrogenation reaction to produce the imaging agent. After hydro-
genation, the entropy of the spin system of the molecule is much
lower than for a thermal equilibrium system, but still exhibits no
net polarization. A method based on RF pulse excitation, using a
main magnetic field strength of 1.76 mT, was used to transfer the
spin order of the protons originating from para-hydrogen into po-
larization of a scalarly coupled 13C nucleus. A novel pulse sequence
is presented that theoretically gives a polarization close to unity,
neglecting relaxation. The pulses used in the sequence were also
designed numerically to give optimal bandwidth and phase purity
at the experimental conditions used in the experiment.
Results: A 13C polarization equal to 49 % was obtained using the
proposed pulse sequence. The deviation from the theoretical value
is attributed both to relaxation and partial lack of phase control.
The largest polarization to date used with the field cycling method
is 21 % [2].
Conclusions: The pulsed rf method is better suited for producing
large polarization than the diabatic field-cycling method. It is not as
limited to small spin systems and matching scalar couplings as the
diabatic field cycling is.
References: 
[1] Golman K, et al. MRM 2001;46:1.
[2] Jóhannesson H, Axelsson O, Karlsson M, C. R. Physique
2004;5.
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Illustrating the cascade of cortical activations during language
comprehension based on time-resolved er-fMRI 
S. Haller1, M. Klarhoefer2, J. Schwarzbach3, E. Radue1; 
1Dept. of Diagnostic Radiology, Neuroradiology Basel, Basel,
SWITZERLAND, 2Dept. of Diagnostic Radiology, MR Physics,
Basel, SWITZERLAND, 3Department of Experimental Psychology,
F.C. Donders Centre for Cognitive Neuroimaging, Nijmengen,
NETHERLANDS.

Introduction: The spread of cortical activation across the cerebral
cortex associated with language processing was illustrated using a
new analysis approach for event-related fMRI. Additionally, the ef-
fect of increasing task difficulty on the BOLD (blood oxygenation
level dependency) effect was investigated.
Methods: Sixteen control subjects performed three language com-
prehension tasks of increasing linguistic difficulty, while neuronal
activation was assessed using time-resolved fMRI. In the simple
condition, two words were presented visually and subjects had to
decide whether the meaning was antonym. In the medium condi-
tion, simple subject verb object sentences were presented and sub-
jects had to decide whether the meaning was antonym. In the
difficult condition, two relative clauses were presented and subjects
had to decide whether the meaning was equivalent.
A new time-resolved analysis of fMRI data was developed, which
estimates the latency and duration of the BOLD response using a
gamma function (delta and tau, respectively) on a single-voxel base
across the whole brain. Activations are reported if the correspon-
ding Talairach-transformed voxel was active in at least 8 subjects.
Additionally, temporal differences between experimental condi-
tions were calculated.
Results: The latency of BOLD was shortest in the primary visual
area V1, consistent with the visual stimulus presentation.
Activations in classic language areas, i.e. Wernicke's area in left su-
perior temporal gyrus and Broca's area in left inferior frontal gyrus,
showed later activation. Increasing task difficulty was paralleled by
increasing latencies particularly in language associated areas but
not in V1. In contrast to the latency, the width of the BOLD signal
does not increased with increasing task difficulty.
Conclusions: The presented time-resolved analysis of er-fMRI
data can illustrate the cascade of cognitive processes at high tempo-
ral and spatial resolution based on event-related fMRI data. This
analysis provides complementary temporal information to the stan-
dard localisatory analysis of er-fMRI data, without the necessity of
extra measurements. Additionally, we hope that the now available
temporal information of er-fMRI will improve the interface be-
tween fMRI and EEG/MEG.
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Accelerated dynamic Fourier velocity encoding by exploiting
velocity-spatio-temporal correlations
M. S. Hansen1, C. Baltes2, J. Tsao2, S. Kozerke2, 
K. P. Pruessmann2, P. Boesiger2, E. M. Pedersen1; 1MR-Centre,
Skejby Hospital, Aarhus University Hospital, Aarhus N,
DENMARK, 2Institute for Biomedical Engineering, Swiss Federal
Institute of Technology (ETH), Zurich, SWITZERLAND.

Introduction: Fourier Velocity Encoding (FVE) (1) is a powerful
technique for characterizing velocity distributions within heteroge-
neous objects. However, practical application of this technique is
somewhat limited due to the long scan time associated with the ad-
ditional encoding along the velocity dimension(s).
The present work proposes a new approach to dramatically acceler-
ate the acquisition of time-resolved FVE data. This approach is
based on the observation that the raw data acquired in a time-re-
solved FVE scan typically contain a significant amount of correla-
tion in time, space and velocity, which may be exploited to
accelerate data acquisition. The present work builds on top of the
insight of Twieg et al. (2), who showed that velocity encoding can
be considered as an additional k-space axis. Together with the k-t
BLAST technique (3), we show that it is possible to significantly
accelerate time-resolved FVE scans by jointly undersampling the
high dimensional data space consisting of k-space axes, temporal
axis, and velocity axis.
Subjects and Methods: Fully sampled FVE acquisitions were ac-
quired in a phantom experiment and from two healthy volunteers.
Subsets of the data, consisting of one fifth or one eighth of the data
to simulate 5- and 8-fold accelerated acquisitions, were recon-
structed with k-t BLAST. The reconstructed images were compared
to the fully sampled data sets according to the accuracy of the ve-
locity spectrum, the maximum velocity detected and the volume
flow curve.
Results: Velocity spectra from the phantom experiment and from
one of the in vivo cases are shown in Figs. 1 and 2 respectively.
Qualitatively, the velocity spectra in the accelerated datasets were
comparable to those from fully sampled datasets. Maximum veloc-
ity and volume flow curves are illustrated in Figs. 3 for the in vitro
and in vivo cases. The maximum velocity detection capabilities of
the FVE sequence were uncompromised by the acceleration.
However, the volume flow curves exhibited some temporal blur-
ring in the accelerated cases.
Conclusion: A novel technique is presented for accelerating time-
resolved FVE scans. The acceleration is achieved without specifi-
cally restricting the spatial or velocity resolution. With this
approach, it is possible to acquire a time-resolved FVE scan within
scan-time comparable to a standard time-resolved phase contrast
scan.
References:
[1] P.R. Moran. Magn Reson Med 1984. 1(4):197-203.
[2] D.B. Twieg et al. Magn Reson Med 1987. 5: 32-46
[3] J. Tsao et al. Magn Reson Med 2003. 50(5): 1031-1042.
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Real-time suppression of MR gradient artefacts on ECG signal
based on adaptive filter with LMS coefficient updates
R. Abächerli1,2, C. Pasquier1, F. Odille1, M. Kraemer3, 
J. J. Schmid2, J. Felblinger1; 1Iadi, University Hospital Nancy
Brabois, Vandoeuvre-les-Nancy, FRANCE, 2R&d, SCHILLER AG,
Baar, SWITZERLAND, 3R&d, SCHILLER Médical SAS,
Wissembourg, FRANCE.

Introduction: ECG acquisition during MRI is a challenge as noise
components and gradient artefacts that superimpose the biomedical
electrical signal can only be partially removed. Several methods for
ECG (and EEG) correction have already been proposed [1]-[4].
Gradient artefacts can have a similar signal shape to the QRS com-
plex, causing possible misinterpretation. Furthermore, they may
occur at any time during the ECG signal. In the case of
triggering/gating the MRI, the artefacts have strong time correla-
tion with the ECG. We propose real-time suppression of the gradi-
ent artefacts based on the adaptive noise cancelling LMS-filter [5].
Subjects/Methods: The real-time suppression of the gradient arte-
facts is based on the adaptive noise-canceller using three references
represented by the gradients Gx, Gy and Gz. As primary input, we
use the acquired ECG where gradient artefacts are interpreted as
additive noise. The coefficients are updated by the LMS-algorithm
[5].
Tests were performed on a 1.5T MRI (GE Signa, Excite II). ECG-
acquisition was made using the optical ECG sensor from the pa-
tient monitoring system Maglife (Schiller). Gradients and ECG
were acquired simultaneously on PC at 10kHz sampling rate. The
noise canceller�s performance was measured with Matlab
(Mathworks) simulating real-time processing by a point-by-point
operations. To create worst-case scenarios, we chose sequences
with strong and fast-switching gradients (diffusion, black-blood
etc.).
Results: The noise-cancelling filter reduces the gradient artefacts
by 80% to 99% after adaptation, while keeping the desired ECG
signal shape correctly (see figure). Same results are seen when
ECG and gradients are down-sampled to 500 Hz. We get best re-
sults for 256 filter coefficients per 1 kHz sampling rate.
Conclusion: The proposed filter is able to reduce artefacts due to
strong and fast-switching gradients in real-time applications, keep-
ing the desired ECG signal. Its computational efficiency allows in-
tegration on DSP. The quality of the ECG is as good as a standard
QRS-detector can be used for triggering/gating the MRI. The qual-
ity is still insufficient to correctly monitor the patient at any time.
We therefore will continue our research for the complete suppres-
sion of signal artefacts allowing correct ECG interpretation and ar-
rhythmia detection.
References:
[1] Bonmassar G et al [2002], NeuroImage 16, 1127-1141
[2] Allen P et al [2000], NeuroImage 12, 230-239
[3] Sijbers J et al [1999], Magn. Reson. Imag. 17, 1383-1391
[4] Felblinger J et al [1999], Magn. Reson. Med. 41,715-721
[5] Widrow B et al [1975], IEEE Trans Biomed Eng 30(7), 392-398
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Accuracy of short-axis cardiac MRI planning automatically
derived from scout acquisitions in free breathing and breath-
holding modes
M. Danilouchkine, J. Westenberg, J. Reiber, B. Lelieveldt;
Radiology, Leiden University Medical Center, Leiden, NETHER-
LANDS.

Introduction: The wide utilization of Cardiac MR (CMR) in clini-
cal practice is impaired by increased time to prepare the examina-
tion. In our laboratory we developed a novel system for automatic
planning of CMR acquisitions. The feature points resulting from
the automatic segmentation of the lungs in scout acquisitions are
registered against the geometric model of the left lung and heart.
Once alignment is achieved, the imaging planes for short-axis (SA)
acquisitions are calculated. The scouts are usually used to identify
the global position of the heart and acquired without respiratory
and ECG-triggering. Segmentation of such scout acquisitions re-
sults in noisy feature points and may negatively influence the accu-
racy of automatic planning. The main aim was to investigate the
accuracy of automated CMR planning derived from scout acquisi-
tions in free-breathing and breath-holding modes.
Methods: Ten healthy volunteers underwent CMR on a Philips
1.5T Intera MRI scanner. Three series of left ventricular SA slices
were acquired using the Balanced- FFE protocol during breath-
holding. An experienced observer manually derived SA acquisi-
tions using scouts, 2-chamber and 4-chamber views. Two other SA
acquisitions were automatically devised from scouts in free breath-
ing mode and at the end-diastole in full expiration.
The accuracy of both methods was evaluated visually and quantita-
tively. For visual assessment SA imaging planes were projected
into 2-chamber and 4-chamber views and left ventricular (LV) axis
deviation was categorized into excellent (two left images), accept-
able (slight deviation) and unacceptable (deviation of 7-8 degrees;
two right images). Furthermore, the mean and standard deviations
of the angular deviations were quantitatively assessed.
Results: For non-gated scouts visual assessment showed 4 excel-
lent, 3 acceptable, and 3 unacceptable scores. However, for gated
scouts the unacceptable scores dropped to 2 in favor of extra ac-
ceptable score. The number of excellent scores remained the same.
The mean angular deviation of the LV axis turned out to be
7.77±5.36 degrees for non-gated scouts and 7.13±3.64 for gated
scouts. The paired t-test revealed no statistical difference between
two methods.
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ed by the introduction of functional techniques such as perfusion-
CT, which provide with a promising insight in cerebral tissue via-
bility, and can be used as a guidance tool for therapy when
combined with CT-angiography.
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Safety aspects in MR
D. G. Norris; FC Donders Centre for Cognitive Neuroimaging,
Trigon 181, Nijmegen, NETHERLANDS.

The topic of safety and safety regulation in MRI can create great
controversy. Those that practice MR generally have the feeling that
in the proper hands MRI is a safe modality, and can become frus-
trated when legislation threatens to impinge upon their profession-
al activities. The legislator can rightly point to the lack of
knowledge concerning the long term effects of exposures to static
and time varying magnetic fields, and urge caution in setting statu-
tory limits. The roundtable discussion �safety aspects in MR� at this
year�s ESMRMB aims to explore scientific issues and legislative
structures associated with safety by means of a structured debate.
The roundtable shall consist of users of MRI, those active in the de-
sign and manufacture of MR equipment, and from bodies responsi-
ble for issuing guidelines and recommending legislative limits. The
discussion will address various issues, initially with short contribu-
tions from the panellists, and subsequently with contributions from
the audience. The subjects to be examined will be decided at short
notice to topicality, but will probably include: interventional MR,
high field MR and EU safety legislation.

Conclusions: The fully automated SA acquisition planning appears
to be attractive alternative to the manual procedure and could be
performed in 70-80 percent of the cases without any human inter-
action. However, manual correction is still required in remaining
cases. The quantitative comparison of the accuracy of two automat-
ed planning methods was in favor of the planning devised from the
scouts with ECG-triggering in the full expiration mode without any
significant statistical difference observed.
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CT perfusion vs. MR perfusion imaging in acute stroke - 
Pro MRI
L. Ostergaard; Department of Neuroradiology, Centre for
Functionally Integrative Neuroscience (CFIN), Aarhus C, 
DENMARK.

No abstract available
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CT perfusion vs. MR perfusion imaging in acute stroke - 
Pro CT
M. Wintermark; Department of Radiology, Neuroradiology
Section, University of California, San Francisco, CA, UNITED
STATES.

Background: Thrombolysis has become an approved therapy for
acute stroke. However, many stroke patients do not benefit from
such treatment, since the presently used criteria are very restrictive,
notably with respect to the accepted time window. Even so, a sig-
nificant rate of intracranial hemorrhage still occurs. Conventional
cerebral CT has been proposed as a selection tool for acute stroke
patients. Recently, more modern CT techniques, referred to as
functional CT or perfusion-CT, have been introduced.
Purpose: The purpose of this presentation is to review the advan-
tages and limitations of CT (conventional CT, perfusion-CT and
CT-angiography) in the imaging of acute stroke patients, by com-
parison with MRI.
Results: Perfusion-CT techniques are advantageously competing
with DWI-/PWI-MR in the delineation of penumbra. They are
more easy to perform, because they are readily available and acces-
sible in the emergency settings, and less time-consuming.
Furthermore, perfusion-CT combined with CT-angiography affords
a comprehensive noninvasive survey of acute stroke patients as
soon as their emergency admission, with accurate demonstration of
the site of arterial occlusion and its hemodynamic and pathophysi-
ological repercussions of the brain parenchyma.
Conclusion: Renewal of CT in the field of stroke has been afford-
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MR and the diagnostics and monitoring of Alzheimer�s disease
N. Fox; Dementia Research Group, Institute of Neurology,
London, UNITED KINGDOM.

Dementia represents a massive and growing clinical and public
health problem with already over 5 million affected individuals in
Europe. The evaluation and management of patients with dementia
will play an ever more important part of clinical practice.
Alzheimer�s disease (AD) is the commonest cause of dementia and
now that specific treatments are available for AD there is an in-
creasing need to improve early and accurate diagnosis; however
laboratory diagnostic tests are lacking. There is therefore great in-
terest in using MRI to improve diagnosis and to track progression
in dementia.
AD is characterised by progressive cerebral atrophy on MRI. The
majority of affected individuals have an insidious onset starting
with amnestic problems and medial temporal lobe atrophy and pro-
gressing to widespread cognitive and behavioural deficits and gen-
eralised atrophy. Hippocampal atrophy rates increase at an early
stage but the wide range in cerebral morphology means consider-
able regional and global atrophy occurs before absolute volumes
fall outside the normal range. This limits diagnostic sensitivity and
utility of hippocampal measures in early AD. Rates of hippocampal
and cerebral atrophy are more sensitive predictors of AD (~90%
sensitivity/specificity for AD vs. controls) but require two MR
scans >6 months apart. The patterns of atrophy and progression
(and change on T2/FLAIR/Diffusion) help in differentiating AD
from other causes of dementia.
MRI is also increasingly being considered as a means of measuring
progression in AD in order to provide cost-effective identification
of therapies that slow disease. Atrophy rates are a candidate mark-
er. Rates of hippocampal loss are increased in AD (4-8%/yr vs. 0.5-
1.5%/yr in controls); so too are rates of brain atrophy (2-3 %/yr vs.
0.3-0.6%/yr in controls). Registration of serial MRI may be used to
measure global and regional atrophy rates automatically and repro-
ducibly. Using the boundary shift integral we show that brain atro-
phy for (mild-to-moderate) elderly AD patients is 2.1 (+/-1) %/yr
when two scans are acquired with a year�s interval vs. 0.5
(0.5)%/yr in matched controls. Rates of global atrophy accelerate
gradually as individuals progress from first symptoms to AD by ap-
proximately 0.3%/yr per year. Comparisons of hippocampal and
global atrophy rates will be presented. By acquiring multiple scans
over short intervals (10 scans over 18 months) the effect of scan in-
terval and study duration on sample size was estimated for disease-
modification trials. Data for a range of intervals will be presented
and implications for trial designs discussed.
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MRI and the clinical diagnostics of migraine
M. A. Van Buchem; Leiden University Medical Center,
Department of Radiology, Leiden, NETHERLANDS.

Migraine is a common, chronic, multifactorial neurovascular disor-
der typically characterized by recurrent attacks of disabling
headache and autonomic nervous system dysfunction (migraine
without aura); up to one third of patients also have neurological
aura symptoms (migraine with aura). Recently it was demonstrated
in a population-based study that some patients with migraine with
and without aura are at increased risk for subclinical lesions in cer-
tain brain areas. This observation has attracted considerable atten-
tion both in peer-reviewed journals as well as in the media, because
it demonstrated that migraine is a progressive brain disease rather
than just a condition characterized by reversible symptoms. In this
presentation the radiological spectrum of these lesions, their risk
factors and etiology, as well as the impact of this finding will be
discussed.M.C. Kruit, M.A. van Buchem, P.A.M. Hofman et al.
JAMA 2004;291:427-434
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Diffusion MRI of the optic nerve and spinal cord
G. J. Barker; Centre for Neuroimaging Sciences, Institute of
Psychiatry, Kings College London, London, UNITED KINGDOM.

Introduction: The optic nerve and spinal cord are technically chal-
lenging to investigate with any Magnetic Resonance Imaging tech-
nique due to the effect of surrounding cerebrospinal fluid and lipid,
and the presence of nearby bony structures.
Subjects and Methods: The spinal cord is approximately 45cm in
length and oval in cross-section, with a central �butterfly' of grey
matter surrounded by white matter. It varies in area, being largest in
the lower cervical and lumbar regions (approx 35-38mm circum-
ferences), and is surrounded by a layer of adipose tissue (which lies
between layers of the dura) and bathed by CSF in the sub-arach-
noid space.
The optic nerve is approximately 40mm long. It is approximately
circular just behind the globe, becoming flattened more posteriorly,
with diameters 5-7mm. Like the cord, it is surrounded by several
layers of membranes and bathed in CSF; in its orbital section it is
also surrounded by orbital fat.
Motion, and the relatively small cross section of the structures,
make diffusion imaging particularly difficult. While motion sensi-
tivity can be reduced by using only low diffusion weighting, more
general solutions include navigator echoes or a rapid, single shot,
technique such as Echo Planar Imaging (EPI). EPI images are often
distorted by susceptibility artifacts near bone or sinus, however,
and are generally limited pixel sizes of 2-2.5mm in plane. Fast Spin
Echo (FSE) imaging does not suffer from the same distortion and
resolution problems, but is slower, and can give artifacts if the ef-
fects of the diffusion gradients on the echo train are not allowed for.
Results: The first measurements in the spinal cord were reported
by Clark et al1 using a navigated spin echo technique; several
groups have since reported results using faster techniques for both
Apparent Diffusion Coefficient (ADC) and Diffusion Tensor
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Imaging (DTI) measurements. In the optic nerve, Iwasawa et al
first reported results from a single axis measurement using an un-
navigated spin-echo2. Wheeler-Kingshott used CSF suppressed EPI
to extend this to ADC measurement3 and, recently, DTI4 .
Conclusions: With careful choice of pulse sequence and parame-
ters, however, ADC and DTI measurements are becoming available
in both the optic nerve and spinal cord.
References:
[1] Clark CA, et al. Magn Reson Med 1999: 41:1269-1273.
[2] Iwasawa T, et al Magn Reson Med 1997:38:484-491.
[3] Wheeler-Kingshott CA, et al, Proc ISMRM, 2000:548
[4] Wheeler-Kingshott CA, et al, Proc ISMRM, 2004:2471 
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Diffusion MR in tissue hypoxia/ischemia 
M. Hoehn; In-vivo-NMR-Laboratory, Max-Planck-Institute for
Neurological Research, Cologne, GERMANY.

It has been described for the first time by M. Moseley in 1990 that
diffusion-weighted MRI is extremely sensitive to ischemic alter-
ations within minutes after onset. As one of the first events in the
cascade of detrimental processes after stroke onset due to the loss
of nutrient blood supply, the disturbance of energy metabolism
leads to malfunctioning of the ATP dependent ion and water pumps
in the cell membrane. In consequence, this disturbance of the ion
and water homeostasis leads to an influx of water into the cells and
its concomitant swelling. This pathophysiological alteration is re-
flected in the rapid and pronounced decrease of the apparent diffu-
sion coefficient. Thus, a tool for the detection and characterization
of the very early pathophysiological steps of the ischemic evolution
is available. On the other hand, tissue recovery (normalization of
energy metabolism) leads to restitution of the water homeostasis,
and, in consequence, to ADC normalization. In the present contri-
bution, the observed ADC changes are characterized by the meta-
bolic and hemodynamic pathological disturbances. Interpretation
of ADC on this physiological basis then also permits the under-
standing of pseudonormalization of ADC during certain phases of
ischemia evolution or (transient) recovery processes.
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The principles and state-of-the-art in MR-based measure-
ments of tissue blood flow 
E. L. Barbier; CHU Michallon - Pav. B., Unité mixte INSERM /
UJF 594, Grenoble, FRANCE.

Numerous techniques have been proposed in the last 15 years to
measure blood flow (CBF). In particular, two approaches have
proven extremely successful: injection of paramagnetic contrast
agents, primarily developed for measuring cerebral blood volumes
(CBV), and arterial spin labeling (ASL).
The injection of a bolus of intravascular tracer, like a gadolinium
chelate, induces changes in the blood T1 and T2. However, al-
though the agent is confined to the vascular space, its effects extend
to the extravascular space as well, due to magnetic susceptibility
effects and to water exchange between blood and tissue. Current is-

sues include the determination of the arterial input function and the
use of a local arterial input function.
Arterial spin labeling techniques use an endogenous diffusable
tracer: water. A modification of the state of blood magnetization in
an artery - the labeling of arterial spins - induces a measurable
change downstream in the apparent tissue T1 and in the tissue mag-
netization. Both changes can be used to quantify blood flow. As the
labeled water flows into the tissue vasculature, water exchange be-
tween blood and tissue occurs through the capillary wall, yielding a
magnetization exchange. Two major approaches have been devel-
oped and are used in clinical and neuroscience applications:

- Continuous ASL techniques, where the blood magnetization
is continuously labeled upstream, so that the measured tissue
magnetization is in a steady state. By comparing the tissue
magnetization in the normal condition (i.e., control state) and
the tissue magnetization when it has been perfused by labeled
blood (i.e., label state), one can estimate the blood flow. The
continuous labeling is realized by continuously applying a
low-power radiofrequency field in the presence of a magnetic
field gradient aligned with the flow direction.
Pulsed ASL techniques, which rely on the labeling of a large
blood volume with a short RF pulse. To obtain thick inversion
slabs with sharp edges, adiabatic pulses are generally used.
The volume of labeled blood then flows into the tissue during
the time between the inversion pulse and the signal detection.

- Current issues in ASL include the development of new label-
ing schemes (e.g. velocity selective labeling), the develop-
ment of background suppression techniques, where multiple
inversion pulses are applied in order to reduce the influence
of the static tissue signal on the blood flow computation, and
the evaluation of CBF quantification (e.g. role of water ex-
change).

157
MRI of cardiac blood flow and perfusion 
G. Reiter1, U. Reiter2, R. Rienmüller2; 1Allgemeine Radiologische
Diagnostik, Klinikum LKH Graz & Siemens Austria, Medical
Solutions, Graz, AUSTRIA, 2Allgemeine Radiologische Diagnostik,
Klinikum LKH Graz, Graz, AUSTRIA.

The heart pumps blood into the whole body and must be perfused
itself in order to be supplied with the oxygen necessary for the
work. The measurement of both, macroscopic and microscopic
blood flow is clinically important and magnetic resonance (MR)
imaging provides excellent tools for this purpose.
Phase contrast method can be used to assess macroscopic blood
flow precisely. This technique usually provides anatomical and
one-dimensional velocity information within one measurement,
such that it can be employed to determine maximal velocities as
well as forward and backward flow volumes. Consequently typi-
cally applications are the estimation of pressure gradients (via
modified Bernoulli law) and regurgitation volumes at cardiac
valves as well as the determination of left and right ventricular
stroke volumes allowing the calculation of shunt volumes in partic-
ular.
Within the cardiac chambers blood flow has no preferred direction
and �conventional� phase contrast measurements provide a rather
incomplete image of the blood flow patterns. However, phase con-
trast measurements can be combined to assess the time varying
three-dimensional velocity field of blood flow in spatial three-di-
mensional intracardiac regions. Via suitable postprocessing the
measured vector fields can be visualized adequately to study topo-
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logical features of blood flow patterns as for example vortex for-
mations or blood flow bifurcations at a shunt.
Information about the myocardial perfusion can be obtained direct-
ly and indirectly. Taking into account, that coronary sinus flow ap-
proximates the left ventricular blood flow, a phase contrast
measurement of this flow allows to quantify global myocardial per-
fusion. The more direct approach is to visualize the first pass of
contrast agents, typically of gadolinium chelates. Employing mag-
netization-prepared gradient echo sequences, the first pass of the
bolus can be visualized in 3 to 5 slices per heart beat. Aside from a
pure visual inspection of the images, analysis of signal intensity-
time curves can provide useful information about perfusion, al-
though there is no easy relationship between concentrations of the
tracer and signal intensity changes.

Plenary Session
9:20 am - 10:50 am Falconer Salen
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MRI of human atherosclerotic lesions and the effects of lipid
lowering therapies
R. Corti; Department of Cardiology, University Hospital Zurich,
Zurich, SWITZERLAND.

Atherosclerosis and its thrombotic complications are the major
cause of morbidity and mortality in the industrialized countries.
Despite advances in our understanding of the pathogenetic mecha-
nisms and new treatment modalities, the absence of an adequate
noninvasive method for early detection limits prevention or treat-
ment of patients with various degrees and localizations of athero-
thrombotic disease.
The ideal clinical imaging modality for atherosclerosis should be
safe, inexpensive, noninvasive or minimally invasive, accurate and
reproducible, thus allowing longitudinal studies in the same pa-
tients. Additionally, the results should correlate with the extent of
atherosclerotic disease and have high predictive values for clinical
events.
In vivo, high-resolution magnetic resonance imaging (MRI) has re-
cently emerged as one of the most promising techniques for the
noninvasive study of athero-thrombotic disease in several vascular
beds such as the aorta, the carotid arteries and the coronary arteries.
Most importantly MRI can be used to characterize plaque composi-
tion as it allows the discrimination of lipid core, fibrosis, calcifica-
tion, and intra-plaque hemorrhage deposits. MRI findings have
been extensively validated against pathology in ex vivo studies of
carotid, aortic, and coronary artery specimens obtained at autopsy
and using experimental models of atherosclerosis. In vivo, MRI of
carotid arteries of patients referred for endarterectomy has shown a
high correlation with pathology and with previous ex vivo results.
A recent study in patients with plaques in the thoracic aorta showed
that, compared with transesophageal echocardiography, plaque
composition and size are more accurately characterized and meas-
ured using in vivo MRI. The composition rather than the degree of
stenosis determines the patient outcome. Therefore, a reliable non-
invasive imaging tool able to detect early atherosclerotic disease in
the various regions and identify the plaque composition is clinical-
ly desirable.
MRI has potential in the detection arterial thrombi and in the defi-

nition of thrombus age. MRI has been used to monitor plaque pro-
gression and regression in several animal model of atherosclerosis
and in human. Thus, MRI opens new strategies ranging from
screening of high-risk patients for early detection and treatment as
well as monitoring the target areas for pharmacological interven-
tion.

159
The use of MRI for the characterisation of atherosclerotic
plaques
P. C. Douek; Radiology, Hopital cardiologique, Lyon, FRANCE.

It makes little doubt that the degree of stenosis is not the sole vari-
able in
predicting stroke risk. The nature of the plaque may be at least as
important as the degree of stenosis. This is important because such
information may allow a better evaluation of stroke risk and there-
fore a more accurate selection in patients who might beneficiate
from surgery. Magnetic resonance imaging (MRI) is imaging tech-
nique that is capable of providing plaque composition information.
Multi-spectral analysis based on multiple sequence acquisitions is
capable of differentiating calcifications, lipid cores, fibrosis, and
haemorrhage. Plaque enhancement with gadolinium based contrast
agents can also be studied, which may provide information on
plaque inflammation . Among issues however, remains the lack of
standardization between sequence protocols, coil design, and
plaque analysis, with no data on interobserver reliability. MR
plaque imaging still requires long acquisition time (between 20 and
45 minutes), provides information on plaque composition along
2cm of carotid artery only, suffers from spatial volume effect (slice
thickness of 2 to 3mm are usually acquired) and may suffer in qual-
ity from patient toleration, breathing, swallowing and pulsatility
artefacts
Despite these limitations, MRI may have the potential to non-inva-
sively detect atherosclerotic plaques with a low or a high risk of
rupture, before the development of ischemic complications. Such
capability may have important clinical consequences in the man-
agement of patients with carotid artery stenosis, but also in the
management of patients with coronary artery disease. Prospective
studies based on MR should be performed to determine the predic-
tive value of plaque MR evalauation for risk of subsequent is-
chemic events.

160
Coronary MR imaging
R. M. Botnar; Beth Israel Deaconess Medical Center, Harvard
Medical School, Boston, MA, UNITED STATES.

Background: Coronary magnetic resonance angiography (MRA)
is a promising non-invasive alternative to X-ray coronary angiogra-
phy. Yet, ~20% of coronary MRIs remain of non-diagnostic image
quality. Impediments to reliable coronary MRA remain artifacts
from unsuppressed respiratory and cardiac motion. In this abstract
we discuss state of the art coronary MRA sequences and touch on
future developments.
Methods: While much progress has been made over the past
decade, consensus regarding the "ideal" coronary MRA sequence
has not been established. Coronary MRA sequences can be concep-
tualized as a building block of components that include 1) ECG
gating for cardiac motion suppression, 2) respiratory motion sup-
pression (breath-holding, navigators), 3) prepulses to enhance con-
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trast-to-noise (CNR) of the coronary arterial blood from surround-
ing tissue (fat saturation, T2 preparation, spin labeling, contrast
agents), and 4) image acquisition that optimizes coronary arterial
signal to noise (SNR). The image acquisition schemas include
bright-blood (segmented k-space) and black blood (fast spin-echo
and dual inversion) sequences with Cartesian k-space sampling
which may be implemented as 2D (typically breath-hold) and 3D
(generally non-breath-hold) acquisitions. While these more con-
ventional acquisitions have received the most attention, novel rapid
acquisition methods (e.g. spirals, radial, SSFP, arterial spin label-
ing, and parallel imaging) have and will continue to receive in-
creasing attention.
Results: Over the last decade image quality has improved steadily,
though current spatial resolution remains inferior to x-ray angiog-
raphy. Despite this limitation, various MRA approaches have been
shown to correctly identify focal coronary artery stenoses. More re-
cently, a multicenter coronary MRA study of 119 patients was re-
ported. This study demonstrated the high sensitivity (93%) and
negative predictive value (NPV) (81%) of coronary MRA for the
identication of coronary disease among patients referred for their
first diagnostic angiogram. The sensitivity (100%), specificity
(85%) and NPV (100%) were particularly high for the identifica-
tion of left main or multivessel disease. These data demonstrate a
clinical role for coronary MRA, if the concern is multivessel dis-
ease. The weakness of this test was the relatively low patient based
specificity (42%) and the relatively large number of non diagnostic
images (18%).
Conclusion: Current research focuses on intravascular MR con-
trast agents, SSFP techniques, whole heart approaches, non-
Cartesian k-space sampling strategies, spin labeling techniques,
and 3T coronary angiography. Ultimately, the common goal is to
approach an in-plane spatial resolution (<500µm) similar to x-ray
angiography and thereby creating a non-invasive test which might
allow for screening for major proximal and mid coronary artery
disease.

Scientific Session
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MRI determinants of progression of chronic renal failure in
patients with atherosclerotic renal artery stenosis
C. Glynn1, S. Siddiqui2, M. MacGregor2, G. Roditi1, C. Deighan2;
1Dept. of Radiology, Glasgow Royal Infirmary, Glasgow, UNITED
KINGDOM, 2Renal Unit, Glasgow Royal Infirmary, Glasgow,
UNITED KINGDOM.

Introduction: Atherosclerotic renal artery stenosis (ARAS) is a
common finding in patients with chronic renal failure, however, it
is uncertain how much macrovascular ARAS contributes to pro-
gression of renal failure. The significance of renal appearances on
MRI is also uncertain in this context. We therefore decided to re-
view this and correlate with the clinical outcome in a cohort of pa-
tients attending a renal unit with a historically low intervention rate
for ARAS.
Method: All patients attending with chronic renal impairment be-
tween June 1998 and October 2001 with ARAS demonstrated on
renal magnetic resonance angiography(MRA) were identified and a
database compiled with all clinical and biochemical follow-up

data. The renal MRA studies (including T2W imaging) were then
reviewed by two observers blind to the follow-up results.
Radiological parameters assessed included a numeric quantifica-
tion of the degree of renal artery stenosis, the signal intensity and
appearance of renal parenchyma on T2, the number of renal cysts,
the degree of aortic atheroma and the degree of stenosis of other
major aortic branches(iliac, coeliac and mesenteric arteries).
Patients were then categorised according to the degree of renal ar-
tery stenosis: Group1-unilateral disease, Group 2-moderate bilater-
al disease, Group 3-severe bilateral disease. Rate of progression
was calculated as the change in creatinine clearance over time.
Results: 111 patients were included (Group 1=33, Group 2=49,
Group 3=29) with a median follow-up of 27.6 (IQR 10.7-39.9)
months. Ten patients (9%) had renal angioplasty and stenting.
Although the rate of progression in this cohort (-2.2ml/min/yr, IQR
-5.6:0.1) was found not to differ across the three groups of ARAS,
baseline creatinine clearance was higher in unilateral disease
(Group 1-mean 39.8+/-SD22.8ml/min, Group 2-mean 28.6+/-
16ml/min, Group 3-mean 29.2+/-15ml/min). On univariate analy-
sis, T2 parenchymal appearances (p=0.001) and degree of aortic
atheroma (p=0.026) correlated with baseline creatinine clearance.
Baseline albumin levels correlated with T2 appearances (p=0.029)
and also with the category of renal artery stenosis (p=0.034). On
multivariate analysis, the degree of aortic atheroma correlated with
an endpoint of death or dialysis (p=0.0003), which may reflect co-
existent atherosclerosis in other vascular beds.
Discussion: It has long been felt that deterioration of renal function
in ARAS patients has less to do with the degree of macrovascular
arterial stenosis and more with parenchymal disease. This impres-
sion is supported by the fact that the rate of progression was no
worse in the Group 3 patientss than in those with unilateral disease.
Additionally, the T2 characteristics correlate with the known renal
function at baseline.
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Diagnosis of giant cell arteritis with high resolution MRI 
O. Wieben1, T. A. Bley2, J. A. Leupold1, M. Uhl2, J. Thiel3, 
D. Schmidt4, J. Hennig1; 1Dept. Of Diagnostic Radiology - Medical
Physics, University Hospital Freiburg, Freiburg, GERMANY,
2Dept. Of Diagnostic Radiology, University Hospital Freiburg,
Freiburg, GERMANY, 3Dept. Of Rheumatology, University
Hospital Freiburg, Freiburg, GERMANY, 4Dept. Of
Ophthalmology, University Hospital Freiburg, Freiburg,
GERMANY.

Introduction: Giant cell arteritis (GCA) is a chronic vasculitis of
large and medium sized arteries and often associated with
polymyalgia rheumatica. The American College of Rheumatology
(ACR) has proposed criteria for the classification of GCA for the
non-trivial diagnosis [1]. In view of long term treatment with corti-
costeroids, certainty about the proper diagnosis is essential and to
date biopsies of the temporal artery are typically used to confirm
the diagnosis. Here we present the use of high resolution MRI of
the temporal artery for diagnosis of GCA and our first results on 20
patients.
Subjects and Methods: Twenty patients with clinically suspected
GCA were examined according to the standard clinical procedure,
including C-reactive protein (CRP), erythrocytes sedimentation
rate (ESR) in the first hour, and a biopsy from 19 patients. All pa-
tients were imaged with a high resolution T1 SE sequence before
(without fat-saturation) and after (with fat-saturation) venous injec-
tion of a contrast agent (TR/TE=500/22 ms, acquired voxel size:
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0.2 mm × 0.3 mm, slice thickness: 3 mm). Figure 1 shows the en-
hancement of a diseased vessel wall in comparison to a precontrast
image. Inflammatory changes of the vessel wall such as contrast
enhancement of the wall and perivascular tissue and thickening of
the vessel wall were evaluated by two radiologists blinded to the
clinical, laboratory, and histological findings with consensus
methodology .
Results: Table 1 summarizes the measured parameters for the pa-
tient group. In 16 of the 20 patients, the diagnosis derived from MR
was true positive as judged by the gold standard ACR guidelines. A
biopsy was available for 15 of these 16 patients, where 14 biopsies
were true positive and one was false negative. The four remaining
patients were diagnosed true negative in three cases and false nega-
tive in one case in which the histology showed no inflammation.
Table 1: Laboratory and MRI findings of the 20 patients

Discussion: This study demonstrates first experiences for non-in-
vasive diagnosis of GCA with high-resolution contrast-enhanced
MRI. The technique might proove useful to predetermine a biopsy
site since the inflammation of the temporal artery shows a segmen-
tal distribution which can lead to false negative biopsy results. In
addition, it might be used to monitor the success of corticosteroid
therapy and guide the dosage. Larger patient trials will be neces-
sary to evaluate the diagnostic reliability and to potentially become
an alternative to the invasive biopsy.
References:
[1] Hunder GG, Arthritis Rheum 33:1122,1990.
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Abnormal vasodilatory responses demonstrated in aged
hypertensive rats by arterial spin labeling and NMR imaging
D. Bertoldi1, E. Parzy1, Y. Fromes2, C. Wary1, A. Leroy-Willig1, 
P. Carlier1; 1NMR Laboratory, Institute of Myology, Pitié-
Salpêtrière University Hospital, Paris, FRANCE, 2Inserm U582,
Pitié-Salpêtrière University Hospital, Paris, FRANCE.

Arterial spin labeling (ASL) combined to NMR imaging has
demonstrated a potential for quantifying perfusion non-invasively,

with good temporal and spatial resolution. Increased arterial pe-
ripheral resistance and decreased maximum vasodilation are char-
acteristic of chronic hypertension. Alterations of the temporal
patterns of the vasodilatory responses elicited by stimuli, on the
other hand, have not been described in hypertension, probably
owing to the lack of appropriate technology.
Calf muscle perfusion was measured in hypertensive rats with
SATIR, the ASL variant developed in our laboratory, which is
based on a saturation of the imaging slice associated to perfusion
weighing, alternatively with a slice selective and a non-selective in-
version of arterial spins. Imaging was realized at 4T using a single-
shot fast spin echo sequence over a 8.29*4cm FOV, with of 128*32
matrix size and half Fourier acquisition. Imaging slice thickness
was 2mm and saturation thickness was 4.2mm. Echo spacing was
2.9ms and TR was 8s to allow full relaxation of the inverted arteri-
al spins. Ninety-week old male spontaneously hypertensive (SHR;
n=7) and normotensive (WKY; n=8) rats were studied under pento-
barbital anesthesia. Blood pressure was monitored via a carotid
catheter. An air-cuff was wrapped around the thigh to control leg
perfusion. The animal was laid inside a volume transmitter probe,
with the calf positioned on a surface receiver coil. Calf muscle per-
fusion was measured at rest and during reactive hyperemia follow-
ing ischemia of either 5 or 30 min duration. Vascular conductance
was calculated as the ratio of perfusion to mean arterial pressure.
Reactive hyperemia profiles differed depending on the duration of
ischemia. Typically, in the WKY rats, a 5-min ischemia induced a
brief hyperemia peak lasting no more than 63s while 30-min is-
chemia was followed by a prolonged hyperemic response of 261s.
In the SHRs, after 5 min of ischemia, peak muscle arterial conduc-
tance (expressed in ml.min-1.100g-1.mmHg-1) was decreased to
0.52+0.33. vs 0.97+0.30 in the WKYs (p<0.05). After 30 min of is-
chemia, there was, in addition, a drastic shortening of the hyper-
emic response. Time to post-ischemic half normalisation of
vascular conductance was 38+24s in the SHRs vs 149+58s in the
WKYs (p<0.001).
In vivo perfusion imaging confirmed the existence of a reduced
maximum peripheral vasodilation in chronically hypertensive rats.
Thanks to the high temporal resolution of the technique, an addi-
tional new finding was the demonstration of a blunted hyperemic
response after prolounged ischemia in the SHRs, whose mecha-
nisms and significance are currently unknown.
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Reduction of contrast agent dose in intraarterial 3D contrast
enhanced magnetic resonance angiography in patients 
C. Hashagen1, G. Bongartz1, W. Steinbrich1, M. Aschwanden2, 
K. Jaeger2, R. Hügli1, L. A. Jakob1, D. Bilecen1; 1Department of
Diagnostic Radiology, University of Basel, Basel, SWITZER-
LAND, 2Department of Angiology, University of Basel, Basel,
SWITZERLAND.

Purpose: To perform MR guided interventions, intraarterial repeti-
tive injections of contrast agent are necessary. Based on a study
using an arterial flow phantom (1), we focus on a reduction of
gadolinium based contrast agent dose, by reducing the injection du-
ration during image acquisition in patients with peripheral arterial
occlusive disease (PAOD).
Subjects and Methods: Informed consent was obtained for all six
patients. All images were performed on a 1,5 T whole-body MR
scanner (Siemens, Sonata). Conventional 3D turbo flash sequence
was applied with FOV = 380 x 380 und matrix size = 314 x 448.
Intraarterial gadolinium injection was performed in six patients

Min Max Mean

Age [years] 59 87 72.4
C-reactive protein [mg/dl] 0.3 30.3 10.6

Erythrocytes sedimentation rate [mm] 35 111 77
Artery diameter [mm] 1 3.8 2.5
Vessel wall thickness[mm] 0.3 1.5 0.9
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with PAOD. Six measurements with an injection duration of 20, 30,
40, 60, 80 up to 100 % of the total acquisition time were acquired.
The interval between each measurement was five minutes. Contrast
agent was given contemporally at the beginning of each measure-
ment. Injection was followed by a dynamic series of four images to
follow the arterial and venous phase.
Contrast-to-noise ratio (CNR) was determined for arteries and
veins for each of the six measurements.
Results: Data are presented in Fig. 1 and 2. From 40 to 100 % of
injection duration, only slight changes in CNR were observed.
Below 40 % of injection duration, a significant drop of CNR was
observed.
From the dynamic study 90 % of the contrast agent was washed out
from the superficial femoral artery after one minute of contrast
agent injection. Moderate venous contrast agent accumulation was
observed in the veins and surrounding soft tissue.
Conclusion: Contrast agent dosage can be reduced over 60 %
without significant losses in CNR by reducing the injection dura-
tion during image acquisition in intraarterial injections. It will in-
crease the total amount of repetitive injections during an
endovascular MR guided intervention. Moderate venous contrast
agent pooling was observed.
References:
[1] Hwang KP, et al. [2002] J.Magn.Reson. 15:55-61
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Combination of T1W, T2W and T1W post-contrast images to
automatically segment and characterize plaque in carotid
artery MR images
I. M. Adame-Valero1, R. J. van der Geest1, B. A. Wasserman2, 
M. Mohamed2, J. H. C. Reiber1, B. P. F. Lelieveldt1, 
M. Danilouchkine3; 1Image Processing, Radiology, Leiden
University Medical Center, Leiden, NETHERLANDS, 2Dept of
Radiology, Neuroradiology Div., Johns Hopkins Hospital,
Baltimore, MD, 3Department of Radiology, Leiden University
Medical Center, Leiden, NETHERLANDS.

Introduction: Recent advances in high-resolution magnetic reso-
nance imaging (MRI) have enabled quantitative, in vivo evaluation
of carotid anatomy and characterization of atherosclerotic plaque.
Our goal is an automated contour detection technique to trace the
contours of the lumen, outer boundary of the vessel wall and plaque
components, and to assess the fibrous cap thickness.
Methods: The user will minimally interact with the algorithm, pro-
viding a few seed points to identify the lumen and the different
plaque components (lipid and calcium).
Firstly, the outer boundary of the vessel wall is obtained using a
geometrical model (ellipse). Following an iterative procedure, the
ellipse is deformed, rotated and translated to match the outer vessel
wall in a T1W post-contrast image, according to image gradient
measurements.
For the following steps, information from T1W, T1W post-contrast
and T2W images, is used to classify the region of interest (ROI),
which is the area within the outer contour from the previous step.
Before carrying out the classification, the images are registered and
pre-processed. For each image, the ROI is normalized against the
average intensity of the muscle tissue to correct for sensitivity dif-
ferences between scans.
Lumen and plaque are segmented using a fuzzy c-means algorithm,
with the pixel intensity (relative to the muscle tissue) in each image
as a feature for the classification. However, plaque is more difficult
to segment due to inhomogeneities and irregularities in plaque tis-
sue, so some further smoothing is needed.
Results: The algorithm has been tested on 35 high-resolution T1W,
T2W and T1W post contrast MR images (7 patients) (pixel size
0.54 mm). The results demonstrate:
Excellent correspondence between automatic and manual area
measurements: lumen (r=0.94), outer (r=0.92) lipid (r = 0.91), and
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acceptable for calcium area (r = 0.60) and fibrous cap thickness
(r=0.76).
The average paired difference between the automatic/manual
measurement pairs was 2.5±3.9mm2 (8.4±13.1%; p<0.05) for
lumen area, 0.6±14.8 mm2 (0.6±14.9%; p=NS) for outer area, -
1.5±7.2mm2 (-7.2±34.8%; p=NS) for lipid area and -0.1 ± 0.6 mm
(10.5 ± 45.7%; p = NS) for fibrous cap thickness.
Conclusions: Though further optimization is required, our algo-
rithm is a powerful tool for automatic detection of lumen and outer
boundaries, and characterization of plaque in atherosclerotic ves-
sels.
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Atherosclerotic plaques in aorta and carotid artery in ischemic
stroke patients: Comparison of oMRI, Transesophageal
Echocardiography, and Carotid Doppler Ultrasound
M. F. Müller1, E. Forsell-Aronsson2, S. Ribbelin1, G. Starck2, 
G. Starck2, R. Wetterholm3, K. Caidahl3; 1Radiology, Sahlgrenska
University Hospital, Göteborg, SWEDEN, 2Radiophysics,
Sahlgrenska University Hospital, Göteborg, SWEDEN, 3Clinical
Physiology, Sahlgrenska University Hospital, Göteborg,
SWEDEN.

Purpose: To compare location, extent, and character of plaques de-
termined by highresolution MRI, transesophageal echocardiogra-
phy (TEE), and carotid doppler ultrasound (US), respectively.
Subjects and Methods: From our material of 442 consecutive pa-
tients undergoing TEE due to ischemic stroke 75 patients had so
called complex plaques in the aortic arch. From these, 16 were se-
lected. MRI was performed on a 1.5-T system using a phased array
coil for the aorta and a 47 mm circular microscopy coil for the
carotid artery. Highquality 3-D bright and differently weighted
dark blood images through aortic arch (with ECG and navigator)

and one carotid artery were obtained to match routine cross sec-
tions used by TEE and US for comparison. For US exams a 7 MHz
multiplane (TEE) and a 5-8 MHz transducer (carotis) was used.
Data analysis: Location, extent, morphology, character, mobility of
plaques, and degree of stenosis in the carotid artery were deter-
mined according to Zbornikova. MR- and US-findings were com-
pared; in case of discrepancy consensus was reached.
Results: Plaques were mainly detected in the distal part of the aor-
tic arch (minor curvature) and the distal (at the level of the left atri-
um) descending aorta. In the descending aorta similar results for
MRI and TEE were obtained. MRI demonstrated more plaques in
the inner aortic arch, while TEE demonstrated more plaques in the
outer aortic arch. Comparing the results between carotid US and
MRI the grade of stenosis evaluated by US was not obviously cor-
related to the maximal wall thickness measured from MRI images.
MRI showed that the maximal wall thickness of the carotid bifurca-
tion was up to 8 mm, and all patients had plaques. MRI was superi-
or in plaque characterization.
Conclusion: Most plaques in the aorta were located in the distal
aortic arch and the proximal and distal descending aorta. In these
regions more plaques were found by MRI. However, in other aortic
regions more plaques were found by TEE. This discrepancy might
be due to differences in sensitivity and specificity between the im-
aging techniques in different regions. The image quality of MRI
seemed to be high in all images, but the limited number of slices
and slice orientations used might be the reason for the lower detec-
tion frequency in some regions. In the carotids, stenosis grade eval-
uated by US did well correlate with MRI. MRI may be better in
determining plaque vulnerability.
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A comparative analysis of two different image subtraction
techniques in high-resolution 3D Contrast-Enhanced
Peripheral MR Angiography
C. Docherty1, G. Roditi2; 1Department of Clinical Physics, North
Glasgow University Hospitals NHS Trust, Glasgow, UNITED
KINGDOM, 2Department of Radiology, North Glasgow University
Hospitals NHS Trust, Glasgow, UNITED KINGDOM.

Purpose/Introduction: Our purpose was to investigate the con-
spicuity of tibial arteries using different image subtraction tech-
niques in high-resolution 3D Contrast-Enhanced MR Angiography
(CE-MRA). Due to the small vessel size with nearby marrow and
subcutaneous fat, image subtraction is essential for background tis-
sue suppression when visualising the crural vasculature in CE-
MRA. Usually 3D volumes acquired before and during arterial
first-pass contrast passage are subtracted and then rendered as max-
imum intensity projection (MIP) images. Recently, improved back-
ground suppression has been claimed following subtraction of the
MIPs of the mask and first-pass volumes (Huang et al. 2002). Our
aim was to compare the images obtained by these different subtrac-
tion techniques.
Subjects and Methods: 24 patient datasets were used in the study,
acquired from a Philips Intera 1.5 T MR scanner. The tibial vessels
were imaged with a 3D TFE sequence and four channel phased
array coil. Scan parameters were: TR/TE = 4.7/1.6 ms, flip angle =
40°, FoV = 440 mm, 512 x 1024 matrix, 80 % scan percentage
(zero-filled to 1024 x 1024), with CENTRA for k-space ordering
and SENSE parallel imaging (reduction factor 2 in RL direction).
The MIP images were generated off-line using IDL 6.0 software,
and then evaluated for diagnostic quality by a vascular radiologist
blind to the type of subtraction used.
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Results: Across all 24 datasets (46 legs), the subtracted MIPs
demonstrated consistently better background suppression than the
MIPs of the subtracted images (Figure 1). However, the vessel ap-
pearances were uniformly inferior on the subtracted MIPs, being
generally attenuated, especially in areas with overlapping bone,
where the vessels could be completely obscured. This attenuation
of vessel calibre was confirmed on line profile analysis. In addi-
tion, many of the smaller branches visible on the MIPs of the sub-
tracted images were absent from the subtracted MIPs, and useful
soft tissue landmarks were lost.

Figure 1 - An example of (a) MIP of the subtracted images, and (b)
subtraction of mask and MRA volumes - note the improved back-
ground suppression but poor tibial and small branch vessel con-
spicuity in (b).
Discussion/Conclusion: Whilst subtraction of MIPs improves
overall background suppression, this is at the expense of vascular
image quality, which is consistently higher in standard MIPs of
subtracted images.
Reference:
[1] Huang Y, Webster CA, Wright GA [2002] JMRI 15: 541 - 550

168
Aortic Aneurysms and Dissections. Role of Virtual MR
Endoscopy.
E. Squillaci, M. Sperandio, M. Di Roma, S. Fabiano, G. Manenti,
G. Simonetti; Radiology, University Tor Vergata, Rome, ITALY.
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Effects of diffusion gradients in BOLD imaging
E. Rostrup, M. Liptrot, K. Nielsen, L. Hanson, O. B. Paulson; 
Danish research centre for Magnetic Resonance, Hvidovre
Hospital, Hvidovre, DENMARK.

Introduction: The BOLD response is due to the effects of an in-
travascular substance, deoxyhemoglobin, which affects both intra-
and extravascular relaxation times. The intravascular compartment
is susceptible to diffusion gradients, due to intravoxel incoherent
motion, and previous studies have shown substantial reductions in
the BOLD response when the imaging sequence contains diffusion
weighting . This leads to the hypothesis that the sensitivity of the
BOLD response to diffusion encoding may depend on local struc-
tural factors, e.g. vessel size and direction. The purpose of this
study is to investigate the spatial distribution of diffusion-sensitivi-
ty, and whether the BOLD response arises from isotropic struc-
tures.
Methods: Three healthy subjects were investigated in a 3T
Siemens Trio scanner, using 8 Hz checkerboard visual stimulation,
and a T2*-weighted EPI sequence, TR/TE=240/30 ms, res. (3.1
mm)3; 180 repetitions of 3 contiguous slices. For every slice, imag-
ing was repeated with diffusion encoding (b=200 sec/mm2 or
b=500 sec/mm2) in each of 6 spatial directions. A box-car paradigm
was used, consisting of five 60-second periods each with equal du-
ration of darkness and visual stimulation. Images were corrected
for motion and signal drift. Relative signal change during activa-
tion was analysed using a voxel based GLM with b-value as one
covariate and 5 variables for direction.
Results: A total of six experiments were obtained. Activation-relat-
ed signal increases were seen, as expected, predominantly near pri-
mary visual areas (Fig. A, p<10-5, uncorrected) and had an average
magnitude of 6.35% (range 5.98-7.15%). During measurements
with low b-value, the BOLD signal-change decreased by 43%
(range 39-50%), and 63% (range 57-69%) during high b-value.
Significant effects of both gradient magnitude and direction were
seen in most of the activated area (Fig. B-C, p<10-5, uncorrected).
Figure D illustrates a significant correlation between BOLD re-
sponse magnitude without diffusion gradients, and the relative
BOLD magnitude with diffusion encoding.
Discussion: The present study confirms earlier findings that the
BOLD response is attenuated by relatively modest diffusion gradi-
ents, presumably due to the loss of BOLD signal from intravascular
protons, and extends these findings investigating the spatial and di-
rectional distribution. Attenuation was seen in most of the activated
area, and was correlated to unmodified BOLD magnitude, probably
reflecting blood volume differences between voxels. Weak but sig-
nificant anisotropy was seen, confirming that diffusion weighted
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BOLD imaging may reveal information about size and orientation
of the vessels producing the signal.

FigA-C:.Areas of significant BOLD, gradient magnitude and direc-
tion effects:

FigD: BOLD-attenuation vs BOLD-magnitude
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Determining the spatial resolution of the gradient echo and
spin echo BOLD response at 3T using techniques of retino-
topic mapping
L. M. Parkes1, A. Bouts2, R. Deckers2, P. Pullens2, C. M.
Kerskens1, D. G. Norris1, J. V. Schwarzbach3; 1FC Donders Centre
for Cognitive Neuroimaging, University of Nijmegen, Nijmegen,
NETHERLANDS, 2Department of Biomedical Engineering,
Eindhoven University of Technology, Eindhoven, NETHER-
LANDS, 3FC Donders Centre for Cognitive Neuroimaging,
University of Maastricht, Maastricht, NETHERLANDS.

Introduction: Recent work suggests that a spin echo sequence
could improve the spatial resolution of the BOLD response com-
pared to the standard gradient echo technique [1,2]. A quantitative
measure of spatial resolution should describe the point spread func-
tion of the activation (i.e. the spatial extent of the BOLD response
to a single point source of activation), independently of activation
threshold and SNR. One way to measure this is to use a functional
paradigm that parametrically reduces the separation between re-
gions of activation. As the separation decreases, the spread of acti-
vation from each region begins to overlap with neighbouring
regions, and the modulation of the response decreases. Such a par-
adigm can be achieved through the use of retinotopic stimuli [3].
Methods: 
Scanning - Five healthy volunteers took part in the study (age
range 21-43, one female). The stimulus consisted of rotating
checkerboard wedges with a range of 5 spatial frequencies as
shown in Figure 1. Scanning was performed on a Siemens trio 3T
system. A double echo EPI sequence collected interleaved GE and

SE images [4] at a resolution of 2x2x2mm. Scan parameters were:
TR=2s, TE=28ms (GE), TE=100ms (SE), 128mm FOV and 64x64
matrix, 14 slices. In addition, standard retinotopic mapping and a
high resolution anatomical scan were combined to produce retino-
topic maps on an inflated brain surface.
Analysis - Voxels in V1 were identified and the average modula-
tion (M) of the BOLD signal was found for each spatial frequency.
A model convolving a square wave input with a Gaussian haemo-
dynamic filter was fit to the data in order to extract the full width at
half maximum (FWHM) of the haemodynamic function. It was as-
sumed that the width of the neural filter in V1 is negligible.
Results: Results from a single subject (figure 2) show the SE sig-
nal has a slower fall off in modulation with increasing spatial fre-
quency compared to the GE case, indicating that it has a narrower
haemodynamic filter. Average results from this subject give
FWHM (GE)=3.5mm; FWHM (SE)=2.7mm.
Conclusion: The spin echo sequence has approximately 20% nar-
rower point spread function than the gradient echo sequence, indi-
cating its improved spatial resolution for fMRI due to reduction of
extravascular signal surrounding large vessels.
References:
[1] Thulborn KR et al, NMR in biomed, 10:183 - 190,1997.
[2] Parkes LM et al, ISMRM 2003, p1716.
[3] Engel SA et al, Cerebral Cortex, 7:181-192,1997.
[4] Bandettini PA et al, ISMRM 1993, p169.
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Flow sensitised gradient recalled multi-echo SENSE EPI
M. J. Versluis, C. P. Lanting, P. J. Koopmans, J. M. Hoogduin;
BCN Neuroimaging Center, University of Groningen, Groningen,
NETHERLANDS.

Purpose: Investigating the influence of blood flow on BOLD sig-
nal using a flow sensitised gradient recalled 6-echo SENSE EPI se-
quence.
Introduction: There is still a debate whether the BOLD signal is of
intra-, or extravascular origin [1,2]. To investigate the role of blood
flow on the BOLD effect, subjects were scanned with a flow sensi-
tised multi-echo EPI. Fitting the data to an exponential function de-
scribing the T2

* decay of the signal[3], allowed for separating the
BOLD effect (T2

*) from other physiological (I0) changes. The con-
tribution of flowing blood on the signal was studied using flow sen-
sitising .
Subjects and Methods: Subjects were scanned on a 3T Philips
Intera scanner, using a SENSE-head coil. A SENSE flow sensitised
6-echo GRE-EPI was implemented on the scanner. A gradient pair
was introduced before the EPI readout to accomplish diffusion /
flow weighting.
Scanning parameters were: TR = 3130 ms, TE =
28.00/48.32/68.64/88.96/109.28/129.60 ms, SENSE factor = 2.0,
matrix = 64 x 64, FOV = 224 mm, 20 slices with 3.5 mm thickness,
no slice gap, flow weighting with vcrit = 2.4 cm/s (corresponding
to b = 2.3 s/mm2) every other volume, for a total of 200 volumes.
Subjects performed a self-paced motor task, using a block design of
10 on / 10 off.
The data were analysed using IDL, T2

*, and I0 maps were calculat-
ed separately for the flow, and the non-flow weighted images. A
ROI which enclosed the motor cortex was defined by manual seg-
mentation. A critical T-value of 5 was used as threshold for activity.
Results: The table shows results of the exponential fit, for signifi-
cantly activated voxels in the motor cortex. 
Results for voxels in the ROI that exceed the threshold for activity,
based on the T2* activity map

The figure shows the average signal change. The triangles and
squares indicate the measured signal change for respectively the
flow sensitised, and the non-flow sensitised series. The solid and
the dashed lines show the results of the fit, taking into account both
changes in T2

* and I0.

Discussion / Conclusion: Results in the table show that the effect
of flow weighting on ∆T2

* is negligible, which indicates that the
majority of the BOLD signal is not of intravascular origin. The de-
crease in functional signal change, at a particular echo time, is due
to an increase in the CBF during activation which lowers I0.
References:
[1] Song AW [1996] Magn. Res. Med. 35:155-158
[2] Hoogenraad FGC [2001] Magn. Res. Med. 45:233-246
[3] Speck O [1998] Magn. Res. Med. 40:243-248

172
Rest Matters: Hysteresis in the BOLD response
K. A. D'Ardenne1, S. M. McClure2, W. Richter1; 1Chemistry,
Princeton University, Princeton, NJ, 2Psychology, Princeton
University, Princeton, NJ, UNITED STATES.

Introduction: The BOLD signal persists for tens of seconds after
stimulus cessation. Therefore, the temporal dynamics of the BOLD
signal upon presentation of multiple stimuli must be accounted for
in data analysis. Here we investigate the dependence of signal re-
covery to a steady-state activated equilibrium on the length of the
inter-stimulus interval (ISI).
Methods: Data were acquired using a Siemens Allegra 3.0 Tesla
head scanner. Volunteers were recruited from the Princeton
University community; 17 of 25 subjects scanned yielded accept-
able data (mean age 18 y; range 10-31 y; 8 male). Visual activation
was elicited through a checkerboard alternating at 8 Hz; the base-
line condition was a gray screen. The activated state was 60 s and
the ISI was varied at 2 s, 5 s, 10 s, 20 s, or 60 s. Activation maps
were determined by cross-correlation of the time course from ex-
periments with a 60 s ISI with a boxcar model. Time courses from
the 10 most highly correlated pixels were averaged for each subject
and ISI and then across all subjects.
Results: The initial signal decay is identical for all time courses as
expected. In the experiments with an ISI of 60 s, the signal reaches
a minimum after approximately 18 s of the rest condition before re-
turning to a permanent rest state; this behavior agrees with other
studies.1 As shown in Figure 1, the time course for the return of the
signal to equilibrium depends on the length of the rest period. For
example, in a comparison of time courses from experiments with a
10 s and 20 s ISI, the 20 s inter-stimulus interval time course re-
turns to the activated equilibrium significantly faster than the 10 s
time course. Overall, the time course from experiments with a 60 s
ISI returns to the activated equilibrium before all other time cours-
es. The data suggest an ISI of more than 20 s for full vascular relax-
ation and prompt return of the signal to activated equilibrium. Data
collected with an ISI of 20 s or less should account for the time
delay of the signal in returning to activated equilibrium.
Conclusion: The length of the ISI not only affects the magnitude of
subsequent signal increases but as shown here, also the latency.2

Modeling of the hysteresis effects is currently underway.
References:
[1] Fransson et al. NeuroImage 9, 611 (1999).
[2] Bandettini et al. Magn. Reson. Med. 43, 540 (2000).

T2* (ms)
baseline

∆∆T2* (ms) I0 (au)
baseline

∆∆I0 (au)

flow weighting 52.3 ± 1 1.8 ± 0.9 1103 ± 16 -6.0 ± 20

No flow weight-
ing

50.8 ± 1 1.6 ± 0.6 1127 ± 13 -0.5 ± 20
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STIMULUS dependent temporal dynamics of the fMRI signal
using a spectral method
S. Fall, Sr., G. de Marco, PhD, A. Potelle, PhD, M. Meyer, MD,
PhD; Somme, University, Amiens, FRANCE.

Purpose/Introduction: Functional connectivity and temporal cor-
relations were investigated using a delayed cued finger movement
task. The temporal dynamic of the blood oxygen-level dependent
(BOLD) signal is studied across Human Supplementary Motor
(SMA) and Primary Sensorimotor (M1) areas using a multivariate
spectral analysis of fMRI time series.
Subjects and Methods: A total of 5 right-handed volunteers with a
mean age of 25 years participated in the experiment. During the
scans, visual stimuli were presented on a video monitor displaying
circles of four colours in a random sequence. The circles corre-
sponded to four buttons on a key pad, one for each finger. During
the movement preparation period, the subject has to memorize the
circles apparition order. During the movement execution period,
the subject has to press the buttons in the prescribed order. We used
SPM99 to detect activities areas in the whole brain. A coherence
coefficient has been calculated to design a degree of linear associa-
tion between each possible pair of activated voxels in SMA and M1
areas. Afterwards, a phase lead was measured between two times
series at the fundamental frequency of the BOLD response.
Temporal delay between theses two regions has been obtained for a
given condition by dividing the phase lead by the frequency. Voxels
with early and late BOLD responses have been displayed in SMA
and M1 areas.
Results: SPM spatial pre-processing and statistical analysis re-
vealed significant foci of activation in a number of cerebral regions
including precentral and medial frontal gyrus for both conditions.
The coherence coefficient was obviously higher within cortical re-
gions than between regions. As expected, the percentage of BOLD
signal change was significantly higher during the movement execu-
tion period. During the movement preparation period, we have
measured a maximum negative phase delay in the M1 area com-
pared to the SMA region. The time delay evaluated between these 2
different areas ranged from 0.8 to 2.5 s for all the subjects. During
the execution period, we didn�t observe significant difference of
time delay between theses two regions.
Discussion/Conclusion: Spectral analysis applied using a delayed
cued finger movement task is a fruitful approach to assess dynamic
parameters of the BOLD response. This method permits to obtain
useful information for investigating functional network structures

and temporal behaviour of the hemodynamic responses.
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The performance of generalized likelihood ratio tests for com-
plex functional MRI data in the presence of phase model mis-
specification
J. Sijbers1, A. den Dekker2; 1Physics, University of Antwerp,
Antwerpen, BELGIUM, 2Delft Center for Systems and Control,
Delft University of Technology, Delft, NETHERLANDS.

Introduction and Purpose: Statistical tests developed for process-
ing of (intrinsically complex valued) functional magnetic reso-
nance time series, are generally applied to the data's magnitude
components. However, during the past five years, new tests were
developed that incorporate the complex nature of fMRI data. In
particular, generalized likelihood ratio tests (GLRTS) were pro-
posed based on various models for the phase components [1]. In
this work, we evaluate the sensitivity of those tests to small mis-
specifications of the phase model.
Subjects and Methods: Various GLRTs were constructed for the
detection of functional activity in simulated complex and magni-
tude fMRI time series. In case of complex data, three phase models
were considered: constant, linear, and random phase values. The
detection rate and constant false alarm rate property of the GLRT
based on one of these phase models were compared to the perform-
ance of the GLRT for magnitude data and that of the well-known
general linear model test (GLM test).
Results: First of all, the performance of the GLRT based on magni-
tude data was observed to be better or equal compared to the GLM
test. Secondly, the GLRT based on magnitude data was observed to
perform better than the GLRT based on complex data and random
phases, irrespective of the true phase model. Thirdly, whenever the
true phase model underlying the experimental data (constant or lin-
early varying) was incorporated in the construction of the GLRT
for complex data, this GLRT had a better or equal detection rate
than the GLRT based on magnitude data and was observed to have
the constant false alarm rate property. However, even small devia-
tions of the assumed phase model from the true phase values were
observed to have an immediate, negative impact on the detection
rate or the constant false alarm property.
Conclusion: Whenever the assumption of constant or linearly
varying phase values is correct, a GLRT based on complex data and
incorporating this true phase model performs generally better than
a GLRT based on magnitude data or the GLM test. In practical sit-
uations, however, GLRTs based on magnitude data are likely to
perform better compared to GLRTs based on complex data in terms
of detection rate and constant false alarm rate properties since even
small misspecifications of the phase model lead to a significantly
decreased test performance.

175
The analysis of fMRI images by logical regression analysis
H. Tsukimoto; Information and Communication Engineering,
Tokyo Denki University, Tokyo, JAPAN.

Researchers in brain science are trying to discover the correspon-
dence between the areas and functions of the brain using fMRI im-
ages. In many cases, statistical methods such as z-score or principal
component analysis are used. Brains consist of neural networks,
and therefore, some brain areas are connected in series, and others
are connected in parallel. Brain areas connected in series are de-
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ly 70 minutes. TR was optimized for SNR (per time) for each of the
three 31P transmitter amplitude values, using the prescan proton
transmit gains as an initial load determination. Two carefully pre-
pared external phosphorus containing references (MeP and
DMMP) with known concentrations were included for determina-
tion of receiver sensitivity. Metabolite and reference signals were
estimated using time domain quantification (AMARES in jMRUI)
[3,4] and the B1 field map was obtained by least square optimiza-
tion of the measured intensities using a model describing the signal
strength based on the principle of reciprocity [1]. The method was
evaluated through calibration phantom measurements under differ-
ent loading conditions and a study on four healthy volunteers in
seven examinations was performed.

Results: The in vitro measurements on the reference phantom
showed high reproducibility and accuracy (better than ±3% aver-
aged over several voxels). The in vivo study gave results in good
agreement with results presented in single voxel studies [2]. The
concentrations extracted from predominately gray matter, fig.1,
were (in mM±SD); PCr 2.82±0.48, ATP 1.69±0.3, Pi 0.97±0.22,
PME 2.64±0.47 and PDE 6.11±1.44. pH was determined to be
7.03±0.06.
Conclusion/Discussion: The in vitro evaluation and the in vivo
study on volunteers showed that the method provided accurate
metabolite concentrations. The relatively low SNR limited the spa-
tial resolution and voxel dimensions. The sensitivity can be im-
proved through use of proton decoupling, better coil design, and

scribed by �AND� and brain areas connected in parallel are de-
scribed by �OR�. Additionally, inactivated areas are described by
�NOT�. For example, assume that if area A is activated and area B
is inactivated, a brain function F is performed, then the correspon-
dence is described as "A and (notB) F". Therefore, it is desired that
the correspondence between the areas and functions of the brain be
described by rules using �AND�, �OR� and �NOT�. However, sta-
tistical methods can only present some principal areas for a brain
function. They cannot present (discover) rules. In order to discover
rules, the author developed Logical Regression Analysis (LRA)
(Tsukimoto, H etal. [2002] Progress in Discovery Science,
Springer-Verlag, pp.232-245). LRA consists of nonparametric re-
gression analysis and rule extraction. The nonparametric regression
analysis was developed for small samples. In fMRI images, the
number of samples is extremely small compared to the number of
independent variables, and therefore, nonparametric regression
analysis works well. The outputs of nonparametric regression
analysis are linear formulas, which are not rules. The author devel-
oped a rule extraction algorithm from linear formulas. The outputs
of the rule extraction algorithm are rules. The outputs of LRA are
rules and linear formulas. The rules are used for understanding the
correspondence between the areas and functions of the brain, and
the linear formulas are used for predictions, by which we can infer
the �mind� of a subject from fMRI images to a certain extent. The
author applied LRA to fMRI images and compared LRA with z-
score, which is a typical conventional method, and independent
component analysis (ICA), which is a typical advanced method.
The experiment consisted of tapping fingers of left-hand, because
tapping fingers of left-hand is a little difficult task to analyze, and
therefore is an appropriate task for comparing the above three
methods. The results showed that LRA works better than the other
two methods. Additionally, LRA, z-score and ICA were applied to
artificial data whose correct answer is clearly determined. The re-
sults also showed that LRA works better than the other two meth-
ods.
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Absolute quantification of 31P chemical shift imaging of human
brain
O. Dahlqvist, P. Lundberg; Dept of Radiation Physics, Radiation
Physics, Linköping, SWEDEN.

Aims: The aim was to develop a method for absolute quantification
of phosphagen concentrations in human brain using 31P chemical
shift imaging (CSI). The method should correct for spatial depend-
ency of B1 field strength, as well as coil loading, and should not re-
quire any additional calibration measurements.
Materials and Methods: 16x16 voxels axial 31P CSI grids were ac-
quired using a custom designed double tuned 31P/1H volume coil
(the Institute for Biodiagnostics, National Research Council,
Canada) connected to a GE Signa LX 1.5T MR-scanner. The CSI
grid was acquired at three different transmitter amplitude values in
each examination. The same CSI grid was also acquired using 1H
MRS for both shimming and use in pre-processing steps. The slice
thickness was 30 mm and the total examination time approximate-
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sequence development incorporating motion correction.
References:
[1] Hoult, DI.: Concepts Magn Reson 12:173-187, 2000.
[2] Kreis R. et al: J Magn Reson 149:245-250, 2001.
[3] Naressi, A. et al: MAGMA, 2001.
[4] Vanhamme, L. et al: J Magn Reson 129:35-43, 1997.
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LCModel application for intramyocelullar lipid quantification
from long echo time spectra in volunteers and diabetics
A. Skoch, M. Dezortova, M. Hajek; MR Unit, Institute for
Clinical and Experimental Medicine (IKEM), Prague, CZECH
REPUBLIC.

Introduction: 1H muscle MR spectroscopy has been used for sev-
eral clinical studies to determine intramyocelullar lipid (IMCL)
content[1]. The aim of this study was to use LCModel program to
quantify CH2 and CH3 IMCL components independently by using
long echo time to avoid contamination by short T2 lipid spectral
components.
Methods: 7 healthy volunteers and 10 patients with diabetes melli-
tus type 2 were examined on 1.5T Siemens Vision MR scanner
using PRESS sequence with TR/TE=2000/270 ms. Both groups
were measured after overnight fasting and underwent laboratory
tests prior to the examination. The voxel (2.9-8.7 ml) was posi-
tioned into m. tibialis anterior to avoid larger contamination of ex-
tramyocelullar lipid components (EMCL) and we tried to keep the
orientation of fibers parallel to the main magnetic field to achieve
maximal distance of the EMCL and IMCL spectral peaks. The in-
traindividual reproducibility was tested on 6 subjects by means of 3
consecutive measurements with the same parameters of spectra ac-
quisition without repositioning. Spectra were processed by
LCModel 6.0.0 using the feature of spectra simulation. The partic-
ular chemical shifts of EMCL_CH2, EMCL_CH3, IMCL_CH2
and IMCL_CH3 groups for basis spectra simulation were selected
according to[2]. The fitting was done without CH2/CH3 ratio con-
straints. IMCL level was normalized to creatine as an internal refer-
ence.
Results: The average intraindividual reproducibility of IMCL/Cr
estimation was found 10 %SD for IMCL_CH2 and 12 %SD for
IMCL_CH3 component. We observed significant differences be-
tween controls and diabetics both in IMCL_CH2/Cr and
IMCL_CH3/Cr levels at p<0.05, but not at p<0.01. Difference in
IMCL_CH2/IMCL_CH3 ratios was not statistically significant
(Table 1).
Discussion/Conclusion: We confirmed findings of Schick et al.[3]
that better separation of lipid spectral components and quantifica-
tion without need of large parametrization can be achieved using
longer TE. Using LCModel technique on these good quality spectra
allowed to quantify CH2 and CH3 components independently. This
better reflects the biochemical situation in vivo because the fatty
acid chain length and consequently the CH2/CH3 ratio can vary in
accordance with the actual level of fatty acid metabolism. This hy-
pothesis is supported by fact that both groups had relatively large
interindividual variance in CH2/CH3 ratio. We confirmed the re-
sults of previous studies that patients with insulin resistance have
increased IMCL level.
Supported by grants NB7517-3 and CEZ:L17/98:00023001.
[1] Krssak et al., Diabetologia 1999;42(1):113-6.
[2] Boesch et al., Magn Reson Med 1997;37(4):484-93.
[3] Schick et al., Magn Reson Med 1993;29(2):158-67.

Table 1: t-statistics for comparison of controls and diabetics

Fig.1: typical LCModel output
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Absolute quantification of liver spectra
T. Schirmer1, M. Thormann2, F. Fischbach2, L. Winter2, H. Bruhn2,
J. Ricke2; 1Applied Science Laboratory, GE Healthcare
Technologies, Hallbergmoos, GERMANY, 2Strahlenklinik, Charité
Campus Virchow, Berlin, GERMANY.

Introduction: Spectroscopy studies of localizations outside the
brain like liver, breast or prostate are experiencing an increasing in-
terest. Absolute quantification of those spectra is very limited due
to the poor quality of the data. This study will demonstrate a fully
automated processing and quantification method for proton spectra
acquired from the human liver.
Methods: All data were collected on a GE Signa 3T MR scanner
(GE Medical Systems, Milwaukee, USA). The integrated body res-
onator was used for signal transmission and reception. Abdominal
motion was reduced with a compression belt (Fig.1). Single voxel
PRESS spectra (volume=8ml, TE/TR=35/2000ms, averages=128,
unsuppressed water scans=4) were acquired in consecutive blocks
during breath hold.
Raw data were processed on a Linux PC using a combination of
two different commercially available software packages
(Spectroscopy Analysis of General Electric = SAGE and the
LCModel) and a home-built user-interface (Fig.2). Data processing
was found to be optimal using the following protocol:

1. Data pre-processing with SAGE, using fully automated user-
macros:

1.a Phase- and frequency correction of each individual data
frame (1 frame = 2 acquisitions) based on the residual and the
unsuppressed water signal.

mean±SD
controls

mean±SD
diabetics

p<0.05 p<0.01

IMCL_CH2/Cr 2.68±1.14 4.44±1.89 significant non signifi-
cant

IMCL_CH3/Cr 0.38±0.17 0.75±0.41 significant non signifi-
cant

IMCL_CH2/IM
CL_CH3

7.04±1.96 5.97±1.00 non signifi-
cant

non signifi-
cant
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1.b 120 Hz high-pass filter applied to the water suppressed
metabolite frames.

1.c Splitting and saving corrected and filtered data into individual
files containing unsuppressed water and water suppressed
metabolite frames.

2. Data processing with LCModel, using recently integrated
methods for lipid quantification. Normalizing to the internal
water signal provided absolute concentrations.

Results: Liver spectra were acquired on 20 healthy volunteers and
20 patients. While none of the available processing methods by it-
self provided satisfactory results, the combined approach with
SAGE and LCModel (Fig.3) provided good quantitative results
with low standard deviations (<15%) for the concentration of
Choline containing compounds (CCC) and the lipid resonance at
0.9 and 1.3ppm (Fig.4). The raw data of less than 10% of all ac-
quired spectra could not successfully be processed with this
method.
Discussion: This study shows that single voxel proton spectra of
the liver can reliably and automatically be quantified with a com-
bined approach using SAGE and the LCModel. One of the limiting
factors of this quantitative approach is the concentration normaliza-
tion by the internal water signal, which is only valid up to certain
limitations, even though the water concentration is supposed to be
more constant than e.g. the concentration of CCC or the lipids.

179
Maximum peak height plots: a tool for spectral shape
optimization in strongly coupled spin systems
G. Gambarota, D. Klomp, A. Heerschap; Department of
Radiology, UMCN, Nijmegen, NETHERLANDS.

Introduction: Density matrix (DM) simulations have been widely
used to optimize the detection of a variety of metabolites [1-3]. The
spectral peak area (SPA) -the area under the spectrum- as a function
of the interpulse delay τ1 and echo time TE in the PRESS sequence
(90° - [τ1] - 180° - [TE/2] - 180° - [TE/2 - τ1] - Acq) is tipically
employed as the parameter to maximize in order to improve
metabolite detection. However, since the SNR in the spectral do-
main is determimed by the peak height, the parameter to maximize
for spectral shape optimization should be the peak height itself. In
the present study, we investigate maximum peak height (MPH)
plots for citrate -chosen as a model of an AB system- at 1.5 T. MPH
plots are compared with the SPA plots and then verified experimen-
tally.
Methods: MRS experiments were performed at 1.5T (Siemens-
Sonata) on a phantom containing citrate, choline and creatine. A

standard PRESS sequence, with the values of TE and τ1 found
from the simulations, was employed. SPA and MPH plots for cit-
rate (AB system, J=16Hz, δ=0.146ppm) at 1.5T were generated by
means of quantum mechanics simulations, based on the DM for-
malism. Ideal pulses were considered and T2 relaxation effects
were assumed negligible.
Results and Discussion: The SPA and MPH plots present a notica-
ble mismatch (Figure 1). In Figure 2 (left), the line at constant τ1
(τ1=36 ms) is plotted to evidentiate the differences between the
values of SPA and MPH. At TE=200ms the MPH is greater than the
MPH at TE=120ms, where the SPA plot show a maximum
(TE=120ms is in the range of TE commonly used for citrate detec-
tion). Also, at TE=200ms the SPA is small, which suggests the pres-
ence of an high, sharp peak. Simulations of the spectrum and
experiments confirms this finding (Figure 2-center and right). In
the experimental spectra, T2 relaxation decay makes the peak
height at TE=200ms comparable to that at TE=120ms; however,
this value of TE could be still favourable since it reduces lipid con-
tamination. This example shows that MPH plots can be useful in
fine tuning the pulse sequence timings for spectral shape optimiza-
tion and further application to more complex strongly coupled spin
system could be explored.
References:
[1] Mulkern RV et al. [1996]J.Magn.Reson.B. 110:255-266.
[2] Thompson RB et al. [1999]Magn.Reson.Med. 41:1162-1169
[3] Young K et al. [1999]J.Magn.Reson. 140:146-152.
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Untangling the background from the metabolites in the 
time-domain
H. Ratiney1, Y. Coenradie2, S. Cavassila1, D. van Ormondt2, 
D. Graveron-Demilly1; 1Laboratoire RMN, CNRS UMR 5012,
Universite Claude Bernard, Lyon I, Villeurbanne, FRANCE,
2Applied Physics, Delft University of Technology, Delft, NETHER-
LANDS.

Introduction: Due to strong correlations of metabolites and back-
ground (macromolecules and lipids) signals, reliable quantitation
of 1H short echo-time signals at 1.5 T requires untangling of the two
categories of signals. The time-domain semi-parametric Subtract-
QUEST method [1] alternatingly estimates the background and the
metabolite signals. In this study, we analyse the influence of the pa-
rameters involved in the untangling procedure.
Method: We simulated a 1H short echo-time signal at 1.5T com-
prising twelve metabolites, whose amplitudes correspond to a
healthy human brain and a background. The first step of subtract-
QUEST consists in quantitating the truncated signal. Truncation
enables removing of the fast decaying background signal [2].
However, part of the metabolite information is lost. Consequently,
the metabolite Cramér-Rao lower bounds (CRBs) increase. Study
of the CRBs on the amplitudes of metabolites and background as a
function of the number of truncated points Ntrunc, provide insight
about truncation effects on quantitation. When half the confidence
interval on a parameter (i.e. amplitude) becomes greater than the
parameter itself, i.e. p-2CRBp ≤ 0, where the factor of 2 corre-
sponds to a confidence level of 95%, the estimated parameter p is
insignificant and quantitation is lost in advance for the considered
metabolite.
After the truncation step, the metabolite signal is back-extrapolated
till the time origin using its parametric model. Subtraction of the
latter from the raw data yields a good approximation of the back-
ground (metabolite-free) plus noise, further SVD-modelled.
Results: Fig.1 shows the lower bound of the normalized confi-
dence band 1-2CRBam/am for the amplitude am of metabolite m as
a function of Ntrunc for the metabolites, lipids and macromole-
cules. When 25-30 data-points are truncated, the macromolecules
and lipids are removed. This corresponds to a background duration
of 25-30 ms. The optimum number of truncated data points de-
pends mainly on the differences between the apparent damping fac-
tors of the metabolites with broad patterns and the background, and
the noise level.

Fig.2 shows the different behaviour of the metabolites with respect
to their apparent damping factors. Fig.3 shows the gain of back-ex-
trapolation in recovering the first data point information.

Conclusion: Using truncation the background-related biases on pa-
rameters are reduced but their standard deviations increase. The
goal of back-extrapolation and modelling is to exploit the informa-
tion of the first points and retrieve lower standard deviations on the
concentration estimations.
References:
[1] Ratiney H, et.al., [2004], MAGMA. 4 (in press).
[2] Behar KL, et.al., [1994], Magn. Reson. Med. 32:294-302.
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TE-independent signal modulation in PRESS Sequences:
Theory and experiments
G. Gambarota, M. van der Graaf, D. Klomp, A. Heerschap;
Department of Radiology, UMCN, Nijmegen, NETHERLANDS.

Introduction: In clinical MR spectroscopy, PRESS sequences (90°
- [τ1] - 180° - [TE/2] - 180° - [TE/2 - τ1] - Acq) are routinely used
for volume selection. In strongly-coupled spin systems, the signal
dependence on the echo time TE has been thoroughly investigated
[1,2], whereas less attention has been paid to the signal dependence
-at a constant TE- on the interpulse delay τ1. Here we investigated
analytically, with density matrix simulations and experimentally
the τ1 signal dependence of an AB system with the goal of identify-
ing a new method of difference spectroscopy editing.
Methods: Quantum mechanics simulations, based on the density-
matrix formalism [1], were developed to investigate the TE-inde-
pendent J-modulation of the signal shape for citrate (AB system,
J=16 Hz, ∆=0.146 ppm) under PRESS excitation at 1.5T. Also, the
analytical solution of the Liouville-equation for the AB spin system
under PRESS excitation was considered in order to investigate the
τ1 signal dependence. MRS experiments were performed at 1.5T
(Siemens-Sonata) on a phantom containing citrate, choline and cre-
atine using a PRESS sequence.
Results: Analytical solutions and density matrix simulations show
signal changes which are independent on TE and dependent on τ1.
From the analytical solution, it was found that the frequency of the
τ1-dependent signal modulation is given by Ω, (where W=[J2+∆2]
½), while the amplitude is a function of TE, J and ∆. In Figure1, the
τ1-dependent modulation in the spectral peak area -from the densi-
ty matrix simulations- is shown. Simulated and experimental spec-
tra acquired all at the same TE=160ms evidentiate the
τ1-dependent modulation in the spectral shape (Fig.2). The experi-
mental citrate spectrum (TE=160ms) at two different τ1, and the
difference spectrum are shown in Figure 3.
Discussion: A τ1-dependent J-modulation is predicted from analyt-
ical solutions and density matrix simulations, and verified with ex-
periments on citrate at 1.5T, which was chosen as a model of a
strongly coupled spin system. These results indicate that, for spec-
tral shape optimization of strongly coupled spin systems, attention
has to be paid not only to TE but also to the τ1 interpulse spacing.
Furthermore, since the singlet resonances are not affected by the
changes in τ1, this effect could be exploited for editing of strongly
coupled resonances or for removal of singlets in spectra -by means
of difference spectroscopy- just using a single PRESS sequence at
two different τ1 values and same TE.
References:
[1] Mulkern RV et al. [1996]J.Magn.Reson.B.110:255-266.
[2] Allen PS et al. [1999]NMR Biomed.10:435-444.
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Analytical continuation in signal processing within Magnetic
Resonance Spectroscopy (MRS) using the Fast Padé
Transform (FPT)
D. Belkic, K. E. Belkic; Medical Radiation Physics, Karolinska
Institute, Stockholm, SWEDEN.

Introduction:Resolution improvements in MRS at a given mag-
netic-field strength necessitate longer acquisition times T under the
fast Fourier transform (FFT). This is bypassed by processors that
extrapolate beyond T as opposed to zero-padding in FFT.
Extrapolation is equivalent to requesting spectra as rational mero-
morphic functions. The simplest such function is a polynomial
ratio; the related estimator is the FPT [1]. The FPT accelerates slow
convergence, like the usual Padé approximant, but also induces
convergence into diverging series by analytical continuation as in
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the causal z-transform. We assess the usefulness of this latter vari-
ant of FPT for MRS.
Methods:A spectrum in MRS is defined as the truncated Green
function via the first N terms of Taylor series in powers of the har-
monic exponential variable z-1 for the given time-signal set {cn}of
length N as expansion-coefficients. This spectrum diverges inside
the unit circle for (| z | < 1), but is nevertheless computable in that
region via analytical continuation using FPT+ as the unique ratio of
two polynomials P/Q. The superscript plus signifies that the inde-
pendent variable is z in the Padé quotient as opposed to z-1 in the
Taylor series. Hence, FPT+ converges inside the unit-circle where
the original spectrum does not exist (diverges). This analytical con-
tinuation qualifies FPT+ as a signal processor for estimations of
spectra from MRS.
Results:The diagonal FPT+ is applied to a time-signal {cn} encod-
ed via MRS at 7T from the brain of a healthy volunteer [2]. Good
signal-to-noise and long length (N=2048) yield an excellent shape
spectrum in FFT as gold-standard when all the data are used. In
Figs. 1-2, convergence rates of FFT and FPT+ are compared, em-
ploying truncated and full signal-lengths N/M (M=1-32). No zero-
filling is used in FPT+, whereas FFT is padded with N-N/M (M > 1)
zeros for completion to N=2048. Convergence rates of FFT and
FPT+ are similar and their spectra are practically identical (up to
random-noise) [1] for N=2048. However, while FFT gives only the
shape spectra, FPT+ additionally provides unequivocal quantifica-
tions of all the detectable physical metabolites without fitting.
Conclusions:We show that when formulated as the causal z-trans-
form, FPT powerfully and reliably induces convergence into diver-
gent series via analytical continuation. This processor is very useful
for MRS, since it separates physical/genuine from non-
physical/spurious metabolites and achieves convergence compara-
ble to FFT with increasing length of encoded in vivo MRS signals.
References:
[1] Dz.Belkic,J.Com.Meth.Sci.Eng.3,563-729(2003).
[2] I.Tkác,et al., Magn.Reson.Med.46,451-456(2001).
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Error analysis and residual spectra in the Fast Padé
Transform (FPT) for Magnetic Resonance Spectroscopy
(MRS) 
D. Belkic, K. E. Belkic; Medical Radiation Physics, Karolinska
Institute, Stockholm, SWEDEN.

Introduction: Critical to the validity of spectral estimators is error-
analysis, provided here within FPT based upon 3 verifications of
the obtained results. Theoretical predictions for all spectral-param-
eters and shape of the computed spectrum are acceptable only if
they stabilize while varying the fractions of the total signal-length
in the two variants of the FPT that converge inside and outside the
unit-circle. Stabilization is achieved if successive differences of pa-
rameter estimations as a function of signal-length are within the
prescribed accuracy-threshold, such that shape-spectra are also in-
distinguishable from background-noise.
Methods: Estimators are applied via the fast Fourier transform
(FFT) and two complementary variants of FPT (FPT+ and FTP-)
that converge inside and outside the unit-circle, respectively. Both
FPT+ and FTP- are frequency-dependent polynomial quotients ex-
tracted from the same truncated Taylor series[1]. Error-analysis
consists of 2 steps. First, we verify constancy of physical peak-pa-
rameters stemming from FTP± for different fractions N/M (M=1-
32) of the full signal-length without zero-filling. Second, we check
constancy of the shape-spectrum as a function of signal-length. At
high magnetic-field strengths for total signal-length (N=2048) FFT
yields optimal spectra[2]. Against this result which serves as gold-
standard, we test FTP± by computing residual error-spectra.
Results: We present FTP± spectra for a time-signal encoded via
MRS at 7T from the brain of a healthy volunteer [2]. In step 1, the
parameters of certain peaks converge steadily with decreasing trun-
cation M of N, and are classified as physical/genuine. There are
nonphysical/spurious peaks whose parameters oscillate without
converging, even at full signa1-length. We thereby distinguish
true/genuine from spurious/extraneous resonances. Stabilization of
physical metabolite parameters is usually obtained at signal-length
between N/4 and N/2.
In Step 2 for shape-spectra, perfect agreement (up to random-noise
differences) is obtained between FFT and FTP± for full signal-
length. FPT+ and FTP- coincide, since both are from the same orig-
inal function. The fully-converged spectrum in FFT - FTP- is
achieved utilizing at most one-half (N/2=1024) of the input data. To
attain the same result, the FPT+ exhausts full signal-length
(N=2048)(Figs.1-5). For clinical MRS (1.5T) residual-spectra
should be computed as FPT+ - FTP-, accepting results with a differ-
ence indistinguishable from background-noise.
Conclusion: The rigorous criteria are fulfilled by FPT which
emerges as a powerful processor with robust error-analysis. We
demonstrate that computed residual-spectra become negligible at
1/4 to 1/2 signal-length. This virtue of FPT could be clinically im-
portant for unequivocal quantification of short in vivo time-signals
encoded via MRS.
References:
[1] Dz.Belkic,J.Com.Meth.Sci.Eng.3,563-729(2003).
[2] I.Tkác,et al., Magn.Reson.Med.46,451-456(2001).
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New model to derive quantitative CA concentrations:
Determine quantitative cardiac first-pass perfusion in patient
using high CA dose
F. Fidler1, A. Rauch2, C. Wacker2, W. Bauer2, A. Haase1, 
P. M. Jakob1; 1Physikalisches Institut EP5, Universität Würzburg,
Würzburg, GERMANY, 2Medizinische Univ. Klinik, Universität
Würzburg, Würzburg, GERMANY.

Introduction: Dynamic analysis of First-Pass perfusion imaging is
shown to be a reliable method for qualitative evaluation of perfu-
sion defects and for quantitative analysis of perfusion reserve. Still
this method suffers from three major point: (1) High Contrast
Agent (CA) dosage offers high Contrast-to-Noise (CNR) but limits
experiment to qualitative evaluation due to saturation effects for
high CA concentrations. (2) Quantitative perfusion is limited to low
dose measurement, to ensure that signal does correlate linear to CA
concentration. (3) Baseline offset, signal of precontrast images, un-
fortunally depends both on tissue T1, e.g. due to remaining CA
from previous First-Pass, and coil sensivity.
Purpose of this work was the evaluation of quantitative CA concen-
tration, based on an additional quantitative T1 measurement. New
model offers the possibility to quantify perfusion with 3-fold high-
er CA dosage, resulting in increased CNR.
Methods: CA concentration ccalc(s) is derived from signal intensi-
ty s(cbolus) from T1-weighted imaging experiment is described in
our approach phenomenologically by ccalc(s) =
([exp{s(cbolus)*p/s(cbolus=0)}*exp{-p}]-1)*h with p=1/ (b*T1-
a) and
(a) Parameters a,b,h derived from simulation.
(b) Quantitative T1 measured before First-Pass.
(c) Baseline intensity s(cbolus=0) from precontrast images.
First pass signal was acquired with SRFLASH (TI=10ms,
TR=2.4ms, TE=1.1ms, FA=18°, 10 ml Gd-DTPA), here exemplari-
ly in patient with ischemic cardiomyopathy. Three datasets (rest,
Adenosin-induced stress, rest) were acquired with 15min delay and
evaluated with the new model.
Native T1 in last datasets was dramatically reduced due to remain-
ing CA. Perfusion from six segments was derived with new model
and additionally with signalbased evaluation from deconvolution
with the Fermi-model as a representative deconvolution model.

185
Comparison of the Fermi function and the exponential
function as model functions for deconvolution in quantitative
heart perfusion imaging
H. Köstler, C. Ritter, M. Trumpp, D. Hahn, J. Sandstede; Institut
für Röntgendiagnostik, Universität Würzburg, Würzburg,
GERMANY.

Purpose: Quantitative perfusion values may be obtained from first
pass perfusion examinations if the concentration time course in the
myocardium is deconvolved by the arterial input function. To re-
duce the sensitivity of the deconvolution to noise, the residuum is
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restricted to a model function. Aim of this work was to compare the
results of a quantitative evaluation using two different model func-
tions: the Fermi function and the exponential function.
Methods: 6 first-pass perfusion examinations (multi slice, satura-
tion recovery steady state free precession sequence, 3 x 3 ml Gd-
DTPA, 3 x 1 ml / 8 ml Gd-DTPA pre bolus-technique [1]) were
performed in healthy volunteers at rest. 8 sectors per slice were
evaluated using contamination correction [2]: All curves were nor-
malized by the baseline signal and deconvolved by the arterial
input function, with either a Fermi function or an exponential func-
tion as residuum. The residuum at t=0 corresponds to the perfusion.
Results: The evaluation with the exponential function reached sig-
nificantly higher perfusion values (0.88 ml/g/min) than that with
the Fermi function (0.72 ml/g/min). The relative standard devia-
tions were comparable. The perfusion values of both evaluations
showed a linear dependence (R = 0.98).
Discussion: Quantitative perfusion values, gained/received with
different model assumptions, may not be compared directly. A cali-
bration of the results of different evaluation strategies is necessary.
The linear dependence of the results of the two evaluations shows
that relative measurements like perfusion reserve or perfusion
deficit in an infarcted area compared to the healthy myocardium
should be possible with both model functions.
Literature:
[1] Köstler H, Ritter C, Lipp M, Beer M, Hahn D, Sandstede J
[2003] Abstract: MAGMA 11 supplement 1: Pre bolus technique for
MR quantification of myocardial perfusion.
[2] Köstler H, Ritter C, Reiss-Zimmermann M, Beer M, Hahn D,
Sandstede J [2004] Magn. Reson. Med. 51: 848 - 852: Correction
for Partial Volume Errors in MR Heart Perfusion Imaging.

186
Perfusion assessment with bolus differentiation: A technique
applicable to hyperpolarized tracers
E. Johansson1, S. Månsson2, J. S. Petersson3, K. Golman3, 
F. Ståhlberg4,5, R. Wirestam4; 1Dept. of Medical Radiation Physics,
Lund University Hospital, Lund, SWEDEN, 2Dept. of
Experimental Research, Malmö University Hospital, Malmö,
SWEDEN, 3Medical Diagnostics, GE Healthcare Biosciences,
Malmö, SWEDEN, 4Dept. of Medical Radiation Physics, Lund
University Hospital, Lund, SWEDEN, 5Dept. of
DiagnosticRadiology, Lund University Hospital, Lund, SWEDEN.

Purpose: A new technique for the assessment of tissue blood flow
using hyperpolarized tracers, based on the fact that the magnetiza-
tion of a hyperpolarized compound can be destroyed permanently,
is described.
Methods: When a 90º excitation pulse is applied to a hyperpolar-
ized tracer, it looses its hyperpolarized state. This property can be
employed to assess tissue blood flow in a new way. If an imaging
sequence starting with a 90º excitation pulse is repeated during the
transit of a hyperpolarized tracer bolus, the signal detected from the
tissue only emanates from tracer magnetization having been trans-
ported there during the time period after the previous excitation
pulse. This allows for a simple way of assessing perfusion and it is
possible to demonstrate that the perfusion estimates obtained in this
way are independent of arterial delay and dispersion. In addition,
the arterial mean transit time and the dispersion can be determined
as a by-product of the assessment.
Experimental work was performed in rabbit kidney (6 animals,
~2.5 kg) by administering 3 ml of 2-hydroxyethylacrylate (0.30
M), polarized to 25-30% through the para-hydrogen induced polar-

ization process, via intravenous injection through an ear vein. 13C-
imaging was performed on a 1.5T whole-body scanner (Magnetom
Sonata, Siemens Medical Solutions, Erlangen, Germany) using a
TrueFISP sequence (FA 180º) with a 90º preparation pulse. The im-
ages were acquired from a transversal slice, slightly tilted (approx.
20°) towards the sagittal direction.
Results: Maps of cortical blood flow, arterial transit time and arte-
rial dispersion were constructed (Fig. 1). The renal cortical blood
flow was estimated to be 5.7/5.4 ± 1.6/1.3 ml/min per ml tissue
(mean ± SD, right/left kidney), and the mean transit time and the
dispersion in the renal arteries were determined to be 1.47/1.42 ±
0.07/0.07 s and 1.78/1.93 ± 0.40/0.42 s2, respectively.
Discussion: In contrast to traditional techniques used to determine
tissue blood flow by first-passage methods, the suggested tech-
nique yields estimates which are inherently insensitive to arterial
delay and dispersion. Another important feature is the possibility to
determine the arterial delay and dispersion quantitatively. Further
work should focus on validating the technique, in particular the in-
fluence of poor slice profiles needs to be investigated.

Fig. 1. Maps of tissue blood flow (a), arterial transit time (b) and ar-
terial dispersion (c) in the rabbit renal cortex. Slice thickness 10
mm. The resolution is 1x1 mm in map (a) and 2x2 mm in map (b)
and (c).
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Calculation of cerebral perfusion parameters using regional
arterial input functions identified by factor analysis
L. Knutsson1, F. Ståhlberg1,2, R. Wirestam1; 1Dept. of Medical
Radiation Physics, Lund University Hospital, Lund, SWEDEN,
2Dept. of Radiology, Lund University, Lund, SWEDEN.

Introduction: Factor analysis of dynamic studies (FADS) was ap-
plied to dynamic susceptibility-contrast (DSC) MRI for automatic
identification of a number of regional arterial input functions
(rAIFs). In the calculation of regional cerebral blood flow (rCBF)
on a voxel basis, the identified rAIF that showed the shortest dis-
tance to one particular tissue voxel was employed in the calcula-
tion. To examine the robustness of the FADS and rAIF approach,
simulations were also performed, in which delay and dispersion
were implemented in arteries, grey matter, white matter and is-
chemic tissue with different signal to noise ratios (SNRs).
Method: FADS can be used to obtain different physiological prop-
erties of a system (1). By using FADS, arterial curve components,
to be used as arterial input functions, were extracted from DSC-
MRI data from volunteers. The cerebral perfusion parameters were
calculated pixel by pixel (2, 3) by using the nearest arterial input
function. This was done in 3 dimensions, so a tissue voxel in one
slice could have its arterial input function in a slice above or below.
Furthermore, simulated images (with various SNRs) were generat-
ed in which a delay and dispersion effect was added to parts of the
image. Thereafter, arterial input functions were determined using
the FADS method, and parametric perfusion maps were calculated
using deconvolution based on singular value decomposition (4).
The corresponding calculations were also carried out using a man-
ually selected AIF from one single pixel.
Results: One in vivo example is shown in Fig. 1. Results from sim-
ulations with moderate delay and dispersion are given in Fig. 2.
Larger degrees of delay and dispersion prohibited the FADS algo-
rithm from interpreting the curves as being arteries, leading to the
automatic choice of an rAIF located at a larger distance from the
tissue pixel in question.

Discussion: The FADS method considerably reduced the effect of
any slight delay or dispersion of the AIF, often observed in cases
when only a single AIF is employed. When the FADS concept was
applied to in vivo data from healthy volunteers, rCBF maps calcu-
lated using multiple rAIFs were indeed different from the corre-
sponding single-AIF maps in some regions, indicating that delay
and/or dispersion might be if some relevance even in situations that
are relatively uncomplicated from a vascular point of view.

References:
[1] Martel et al. Medical Image Analysis 2001;5:29-39;
[2] Wirestam et al. MRM 2000;43:691-700;
[3] Rempp et al. Radiology 1994;193:637-641;
[4] Østergaard et al. MRM 1996;36:715-724
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Quantification of cerebral tumor perfusion and permeability
with a deconvolution analysis of T1-weighted bolus tracking
data
S. P. Sourbron1, M. Dujardin1, R. Luypaert1, P. Van Schuerbeek1,
F. De Ridder1, T. Stadnik1, K. Van Rompaey2, C. Chaskis2;
1Radiology/BEFY, Vrije Universiteit Brussel, Brussels, BELGIUM,
2Neurosurgery, Vrije Universiteit Brussel, Brussels, BELGIUM.

Purpose/Introduction: We investigated whether a deconvolution
analysis of T1-weighted bolus tracking data in the brain at 1.5T al-
lows (i) anatomical delineation of a tumor and of different regions
within it (ii) differentiation between tumor types.
Subjects and Methods: So far our study includes four patients
with confirmed neoplasms (3 grade IV glioma's, 1 metastasis). A
bolus of 10 ml Gd-DTPA was injected at 2ml/sec and dynamic im-
ages were made on a 1.5T Philips Intera scanner using a TURBO-
FLASH sequence. Data were processed offline using software
written in-house in IDL. Signals were calibrated using a 2mM Gd-
phantom in the field of view and converted to relaxation rates [1].
An arterial input function was selected manually in a feeding vessel
and the data were deconvolved [2]. Cerebral Blood Flow (CBF),
Cerebral Blood Volume (CBV) and Mean Transit Time (MTT)
were calculated on a pixel-by-pixel basis. Average values of these
parameters were measured in a ROI covering the tumor edge.
Extraction Fraction (EF) and the Permeability-Surface product
(PS) were calculated as in [3] on a ROI basis only.
Results: The quantitative images show a clear differentiation be-
tween tumor and surrounding tissue (Fig 1), though the contrast be-
tween normal grey and white matter is weak. Comparison of CBV,
CBF and MTT images allow an identification of physiologically
different regions within the tumor (Fig 2). Comparing the average
values of the parameters (Table 1) we find that EF is well correlat-
ed with tumor type, but the behaviour of the other parameters is
less consistent.
Discussion/Conclusion: The ability to clearly identify a tumor and
different tissue types within it makes T1-perfusion a promising tool
for dosing and follow-up of radiotherapy. On the other hand, the
data suggest that EF may contribute to the differentiation between
tumor types, but the average values of the other parameters do not.
The latter can only be useful for characterisation when measured
locally, but more data are required before definite conclusions can
be reached on this issue. The approach is a meaningful alternative
to T2-weighted bolus tracking, which is difficult to quantify in the
presence of an impaired blood-brain barrier [4] and has poor spa-
tio-temporal resolution.
References:
[1] Fritz-Hansen et al. [1996] Magn.Reson.Med. 36:225-31
[2] Sourbron et al. [2003] Proc ISMRM 11 (Toronto) 2207
[3] Cenic et al. [2000] Am. J. Neuroradiol. 21:462-70
[4] Quarles et al. [2003] Proc ISMRM 11 (Toronto) 1289
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Figure 1. An example of a C13F image (left) and a post-contrast
T1-FFE image (right) of a patient with a confirmed glioblastoma
multiforme grade IV. Two different immoral sites can be distin-
guished: a weekly enhancing left periventricular mass surrounding
the enterior horn, and a ring-enhancing lesion with a necrolic center
in the right frontal lobe. The white frame gives the location of the
close-up in Fig 2.

Figure 2. Close-up of the frontal lesion in fig 1 showing C13F
(left), CBV (middle) and MTT (right). The white line showes the
region of interest in the tumor edge used for the quanitification of
the parameters.

Table 1. Summary of the ROI measurements of all four patients

189
The amplitude-modulated control experiment in multi-slice
continuous arterial spin labeling: A double adiabatic inver-
sion?
R. Werner1, D. G. Norris2, K. Alfke1, H. M. Mehdorn3, O. Jansen1;
1Department of Neurosurgery, Section of Neuroradiology,
University Hospital of Schleswig-Holstein, Kiel, GERMANY, 2MR
Methods, FC Donders Centre for Cognitive Neuroimaging,
Nijmegen, NETHERLANDS, 3Department of Neurosurgery,
University Hospital of Schleswig-Holstein, Kiel, GERMANY.

Purpose/Introduction: Multi-slice continuous arterial spin label-
ing (CASL) with an amplitude-modulated control experiment is a
proven method to control for off-resonance effects in cerebral per-
fusion imaging. However, the actual spin manipulation during the
control experiment can only partly be understood as a �double adi-
abatic inversion�, which was the method�s original intention. The
purpose of this study was to develop a better understanding of the
processes guiding the magnetization preparation and to improve
the method�s effectiveness.

Subjects and Methods: Bloch-simulations analyzed the evolution
of a single spin under the influence of varying parameters for RF
amplitude, gradient strength, amplitude modulation frequency and
flow velocity. By means of a newly introduced dimensionless pa-
rameter alpha, obtained from the labeling parameters, the parame-
ter range is divided into three distinct cases. The related
efficiencies of labeling- and control experiment were calculated in
the simulation, accounting for laminar, pulsatile flow. A volunteer
MRI study using a Spin-Echo EPI CASL sequence validated the
simulation results.
Results: Only for alpha << 1 the intended double inversion occurs.
For the case alpha ~ 1, the longitudinal magnetization is effectively
rotated by 2 pi, while for alpha >> 1 the efficiency depends on the
phase of the amplitude modulation at the time that the spins cross
the centre of the labeling plane. The parameters currently used in
most studies correspond to alpha >> 1 and lead to a less than opti-
mal efficiency. Optimized parameter sets for the most desirable
alpha ~ 1-case were determined, leading to an efficiency increase
of up to 68% for the entire experiment. This finding was confirmed
in the volunteer study (Figure 1). Perfusion images acquired with
the best labeling parameters showed a signal difference between la-
beling and control of 1.2% +/- 0.2% in grey matter. Figure 2 shows
typical perfusion images scanned in 4:23 minutes with a matrix of
80x71.
Discussion/Conclusion: By means of the concept to distinguish
three cases separated by the value of alpha, the amplitude-modulat-
ed control experiment can be fully understood. Guided by the new
insights, optimized parameter sets were determined. With the best
parameter set, a signal to noise ratio similar to that obtained with
the original parameters can be achieved in approximately one third
of the measurement time. This improvement can immediately in-
crease the achieved image quality in CASL experiments with am-
plitude-modulated control experiment, without the requirement for
implementing complicated pulse sequences.

ROI: 
TUMOR EDGE

EF(%) CBV
(ml/100g)

CBF(ml/1
00g/min)

MTT
(sec)

PS(ml/100g
/min)

Metastasis 33 65 90 43 36
Glioma gr IV 7.5 13 47 17 3.6

Glioma gr IV 5.4 6 34 10 1.8

Glioma gr IV 7.6 48 330 8.7 24
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Theoretical analysis of internal accuracy of dynamic perfusion
measurements at 1.5 T and 3 T
B. F. Jensen1, L. Østergaard1, V. G. Kiselev2; 1Department of
Neuroradiology, Centre for Functionally Integrative Neuroscience
(CFIN), Aarhus, DENMARK, 2Section of Medical Physics,
Department of Diagnostic Radiology, Freiburg University
Hospital, Freiburg, GERMANY.

Introduction: The inherent accuracy of dynamic perfusion weight-
ed imaging (PWI) [1,2], which requires measuring the arterial infit
and the deconvolution of the residue function, is examined in com-
puter simulations for B0 = 1.5 T and 3 T. A significant overestima-
tion of perfusion values was already predicted for B0 = 1 T. In this
work the perfusion simulation program in [3] was extended to
higher fields by replacing semiempiric interpolation formulae [3]
with a novel simulation module [7].
Method: The simulation program [3] was improved by the follow-
ing features: (a) the extravascular signal is described by combined
analytical theory and Monte Carlo simulations [7]. (b) The nonlin-
ear dependence of the relaxation rate on the contrast agent concen-
tration [6] is taken into account. (c) To avoid bias in CBF due to the
choice of the cutoff threshold in the SVD algorithm, CBF was cho-
sen by the plateau in this dependence. 
The simulation returns values of CBF, CBV, and R(t), referred to as
�apparent� in order to contrast their �true� counterparts.
Results: The results (GE at 1.5 T and 3 T) demonstrate an inherent
trend to overestimate the genuine CBF and CBV. CBF for grey
matter is overestimated by approximately a factor of 4, figure 1.
Figure 2 shows a similar plot, but (wrongly) assuming a linear re-
laxation effect. This results in a significant dependence of CBFapp
on the magnetic field.
The results show the same overestimation factor for both grey and
white matter, so the contrast in the image of the entire brain is ex-

pected to be mapped correctly.
Conclusion: The common assumptions in the processing perfusion
data lead to a significant overestimate of the perfusion parameters.
A correct quantitation requires a calibration of relaxation effect of
contrast agent in bulk blood. 
References:
[1] Østergaard, L et al. [1996], MRM 36:715-725.
[2] Østergaard, L et al. [1996], MRM 36:726-736.
[3] Kiselev, VG [2001], MRM, 46:1113-1122.
[4] Kiselev, VG, Posse, S [1998], PRL, 81:5696-5699.
[5] Yablonskiy, DA, Haacke, EM, [1994] MRM 32:749-763.
[6] van Osch, MJP et al. [2003], MRM 49:1067-76.
[7] Jensen BF et al., Abstract submitted to ESMRMB 2004.
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Comparison of quantitative grey matter perfusion at 1.5 T and
3.0 T under normo- and hypercapnia 
U. Noeth1,2, G. Meadows2, F. Kotajima2, R. Deichmann1, 
R. Turner1, D. Corfield2,3; 1Wellcome Department of Imaging
Neuroscience, Institute of Neurology, UCL, London, UNITED
KINGDOM, 2Clinical and Academic Unit of Sleep and Breathing,
National Heart and Lung Institute, Imperial College, London,
UNITED KINGDOM, 3MacKay Institute of Communication and
Neuroscience, School of Life Sciences, Keele University, Keele,
UNITED KINGDOM.

Introduction: Regulation of breathing and regulation of cerebral
blood flow (CBF) are closely linked. Changes in breathing will
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alter the concentrations of oxygen and carbon dioxide in arterial
blood, and thus the CBF. The aim of this study was to determine the
cerebral vascular response to hypercapnia in healthy humans with a
PASL method at 1.5 and 3.0 Tesla.
Materials and Methods: Grey matter perfusion was determined
with the Q2TIPS sequence [1] at 1.5T (Siemens Sonata) and at
3.0T (Siemens Allegra). For each subject, 100 (1.5T, scan time:
8min) or 50 (3.0T, 4min) pairs of control and tag images were ac-
quired first under normocapnia, then under hypercapnia. Subjects
were wearing a nose clip and breathing via a mouth piece attached
to a breathing circuit with medical air inflow set to 10 l/min. For
hypercapnia the air inflow was reduced to ca. 1.5 l/min resulting in
subjects re-breathing part of their expired air and thus increasing
the end-tidal arterial CO2 concentration (PetCO2) by up to
8mmHg. Hypercapnic perfusion measurements were started after
PetCO2 was stable for 3 minutes.
Scanning parameters were: in-plane resolution 3.5mm, 6 axial
slices (4mm), TR=2.3sec, single slice acquisition time 90ms/66ms
(1.5/3.0T), TE=40ms/30ms (1.5/3.0T), TI1/TI1stop/TI2 =
600ms/1200ms/1300ms. CBF was calculated from the difference
signal (control-tag) [1].
Results: The figures show the grey matter perfusion of a single
slice for 6 subjects at 1.5 and 3.0 T. Perfusion values are shown for
normocapnia and hypercapnia, where hypercapnia perfusion values
are interpolated to a PetCO2 increase of 5mmHg. The average per-
fusion values for the 6 subjects with SEM are also included.
The table shows the average perfusion values with SEM of all 6
subjects for normocapnia (CBFn) and hypercapnia (CBFh) in
[ml/(100ml·min)]. ∆CBF/∆PetCO2 gives the CBF increase per
1mmHg increase of PetCO2. The error of CBF is derived from the
time series of the difference images and reflects the static subtrac-
tion error and subject movements.
Discussion: Average CBF values are the same for both field
strengths and are in agreement with literature values determined
with 123I-iodoamphetamine single photon emission CT [2]. The
higher error of hypercapnic CBF values could be due to movement
related to the increased breathing frequency during hypercapnia.
References:
[1] Luh WM, Wong EC, Bandettini PA, et al. [1999] MRM
41:1246-1254
[2] Arbab AS, Aoki S, Toyama K, et al. [2002] AJNR 23:381-388
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MR controlled radiofrequency ablation of malignant
intrahepatic tumours at 1.5 T MRI
M. Gnauck1, C. Stroszczynski1, G. Gaffke1, B. Gebauer2, R. Felix1;
1Radiology, Charite, Campus Virchow Klinikum, Berlin,
GERMANY, 2Radiology, Charite, Campus Berlin Buch, Berlin,
GERMANY.

Purpose: Aim of this work was to represent strategies for perform-
ing radiofrequency ablations of liver tumours by use of MR com-
patible systems.
Method and Materials: We performed 37 interventions in 20 pa-
tients (mean age 58.6 years) with intrahepatic malignancies:col-
orectal carcinoma n=6, hepatocellular carcinoma n=3, pancreatic
carcinoma n03, sarcoma n=2, cholangiocellular carcinoma n=1,
carcinoma of the tonsil n=1, breast carcinoma n=1, gastric carcino-
ma n=1, gastrointestinal stroma tumour n=1. Interventions were
performed under CT-guidance by fluoroscopy and under MR-guid-
ance by use of fast T1w sequences in breathhold-technique. RFA
was performed under local anaesthesia and sedation.

B0 CBFn error of
CBFn

CBFh error of
CBFh

∆CBF/∆P
etCO2

1.5 T 41.7 +/- 2.8 9.3 +/- 0.2 55.3 +/- 3.4 11.1 +/- 0.7 2.4 +/- 0.5

3.0 T 44.6 +/- 2.4 10.7 +/- 0.4 60.4 +/- 3.3 13.9 +/- 1.2 2.4 +/- 0.2
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Intrainterventional control was performed with intrahepatic/intrale-
sional placed applicator. Intrainterventional MRI was performed by
use of plain respiratory gated T2w spinecho sequences (TSE T2).
with fat saturation in all patients with intrahepatic positioned appli-
cator.
Results: We ablated lesions between 2 and 5 cm (mean 2,7 cm). In
5 patients we performed MR guided interventions, 32 interventions
were initially performed under CT guidance. A repositioning of the
applicator was necessary in 8 interventions (21%) after detection of
residual tumour by intrainterventional MRI. We documented one
case of subcapsular hematoma around the liver without any conse-
quence for the intervention procedure. There were no side effects
resulting from the transport of the patient between CT- and MRI-
scanner.
Conclusions: MR compatible RF ablicators offer the opportunity
for intrainterventional detection of residual tumour during RF abla-
tions by use of sensitive MRI sequences. These procedures may
lead to a higher confidence in tumour ablation and may reduce the
number of re-interventions an local recurrences of intrahepatic tu-
mours.

193
In vivo radiofrequency thermo-ablation of pig liver under
real-time temperature monitoring on a 1.5 T clinical scanner
O. Seror1, B. Quesson2, M. Lepetit-coiffé1, H. Trillaud1, J. Chenu3,
E. Dumont2, C. Moonen1; 1Laboratoire Imagerie Moléculaire et
Fonctionnelle, Univ. Bordeaux2, Bordeaux, FRANCE, 2Research
and development, Image Guided Therapy SA, Pessac, FRANCE,
3Deterca, Univ. Bordeaux2, Bordeaux, FRANCE.

Purpose/Introduction: Radiofrequency (RF) thermo ablation is
widely used for minimally invasive treatment of liver tumours and
metastasis. The purpose of the present study is to demonstrate the
feasibility of simultaneous RF ablation and T° imaging with a com-
mercially available RF equipment on a pig liver in vivo.
Subjects and Methods: The animals (n=3) were maintained under
general anaesthesia and positioned inside a standard 1.5T Philips
MR system. An internally cooled MR compatible radiofrequency
needle (Radionics cool-tip, Tyco healthcare, USA) was inserted in
the liver. Electrical interferences of the generator (Radionics,100W
max power) were suppressed by inserting 2 notch filters tuned to
the proton resonant frequency (63.5 MHz) in the transmission line.
A Standard RF ablation protocol (12 minutes at 100W) was per-
formed simultaneously to continuous MRI acquisition of segment-
ed-EPI gradient echo images (240mm FOV, 128x128Matrix,
3slices, 7mm thickness, 9 echos/TR, TE/TR=16/250,FA=30°-bino-
mial water excitation, respiratory gating leading to approximately
4s/slice). Phase images were processed in real-time using
Thermoguide Software (IGT, Pessac France) to calculate tempera-
ture distribution (using the proton resonance frequency shift
method [1]) and thermal dose map (using Sapareto equation [2]).
The ablation was repeated four times on non-overlapping regions.
Lesion sizes (n=12) were evaluated from thermal dose maps at the
end of the procedure using Thermoguide Software.
Results: Figure 1 displays a temperature map obtained during RF
ablation (A) and resulting thermal dose map (B) at the end of the
procedure. T° uncertainty, estimated before and during the proce-
dure, remained in the range of 2°C during the complete procedure.
The ovoid shape of the lesion was systematically found with trans-
verse and longitudinal sizes of 37±4mm and 52±4mm, respective-
ly, and is in good agreement with predicted values (4 cm transverse
axis) given by the RF manufacturer for this heating protocol.

Figure 1: Temperature (A) distribution and thermal dose map (B)
superimposed on anatomical slice of pig liver. A: colours levels in-
dicate temperature increase. B: pixels in which thermal dose
reached lethal value are coloured in red.
Discussion/Conclusion: This study demonstrates that temperature
maps of excellent precision can be obtained on pig liver in vivo on
a clinical scanner during RF ablation (with a commercially avail-
able RF device). Lesion dimensions and shape estimated from ther-
mal dose maps are in good agreement with values obtained in
clinical practice with identical heating protocol.
References:
[1] Ishihara Y et al,[1995],Magn Reson Med,34:814-823
[2] Sapareto SA et al,[1984],Int J Radiat Oncol Biol Phys,10:787-
800
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MRI guided laser induced thermotherapy and radiofrequency
ablations at 3T MRI 
M. Gnauck1, C. Stroszczynski1, G. Gaffke1, B. Gebauer2, R. Felix1;
1Radiology, Charite, Campus Virchow Klinikum, Berlin,
GERMANY, 2Radiology, Charite, Campus Berlin Buch, Berlin,
GERMANY.

Purpose: Aim of the study was to evaluate the feasibility and safe-
ty of MR guided interventions for thermal ablations with new, MR
compatible applicators at 3T MRI.
Method and Materials: We performed in vitro MRI imaging of
different commercial available LITT and RF applicator systems.
Imaging was performed by use of clinically used gradient echo se-
quences (FSPGR T1) and fast Spin Echo sequences (FSE T2,
SSFSE T2), which are suitable due to short acquisition times with
high contrast and anatomical accuracy for image guided interven-
tions. The applicators were positioned in increasing angulations in
relation to the magnetic field B0. Artifact size, heating and disloca-
tion/accidental movement were protocolled. Imaging quality was
evaluated by two radiologists with an five point rating scale. We
performed thermal ablations in 6 patients (5RFA, 1 LITT) with he-
patic metastases of colorectal carcinoma.
Results: Imaging of all application systems in 3 T MRI was feasi-
ble in high quality (1-2) Single RF electrodes of expandable sys-
tems were to distinguish. The size of the induced artifacts was
increasing with increasing angulation (0° mean 2,3 mm, 90° mean
6,8 mm) for T1w GE and FSPGR sequences. The artifact was sig-
nificantly smaller by use of T2 w FSE and FSE sequences in higer
angulations. Thermal ablations in animals and patients were per-
formed without major events. Tumours were ablated completely in
5 patients and partially in 1 patient.
Conclusions: MR guided interventions are safe and feasible at 3T
MRI. Imaging quality and short acquisition time allow a fast and
high resolution puncture and ablation of intrahepatic tumours.
Artifacts induced by MR compatible applicators may vary in size
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due to the type of the applicator and the angulation in relation to the
magnetic field. They might be reduced by T2w FSE sequences in
breath-hold-technique.

195
Thermomonitoring and Thermometry of MR guided Litt and
Radiofrequency Ablations at 3T MRI
M. Gnauck, C. Stroszczynski, G. Gaffke, R. Felix; Radiology,
Charite, Campus Virchow Klinikum, Berlin, GERMANY.

Purpose: The aim of the study was to evaluate the feasibility of
thermomonitoring and thermometry during thermal ablation of
liver tumours in 3T MRI and to compare the sensitivity of 3T ther-
mometry to 1.5T thermometry.
Method and Materials: In vitro experiments were performed by
use of a MRI compatible phantom containing liver tissue to cali-
brate thermosensitive sequences at 3T and 1.5T with invasive ther-
mometry. Thermometry was performed by different T1w GRE and
FSPGR sequences under acquisistion of amplitude and phase shift
images to determine the ideal parameters. Signal intensity changes
was measured by a region of interest next to the thermal probe. In
vivo experiments were performed in 8 rabbits with inoculated liver
tumours under general anaesthesia. We performed thermal ablation
in 6 patients at 3T MRI under local anaesthesia. LITT was per-
formed by use of an internally cooled microapplicator
(Trumpf,Germany), radiofrequency ablation was performed by use
of MR compatible applicators (RITA Medical Systems, US).
Thermal maps were generated for thermometry by use of a win-
dows based software (Amira, US). Sensitivity of 3T and 1.5T MRI
was compared by computing the thermal coefficient dSI=f(dT).
Results: Thermometry of thermal ablation was feasible in animal
experiments and in patients at 3T MRI. Thermomonitoring of RF
ablations was feasible with the restriction of RF induced artifacts.
Sensitivity at 3T was significantly higher (p=0,01) compared to
1.5T. Phase contrast images showed a higer sensitivity for thermal
changes in liver tissue than T1 amplitude images. T1w amplitude
images offer a btter resolution of anatomical details.
Conclusion: Thermometry at 3T MRI is feasible and significantly
more sensitive compared to 1.5T MRI. 3T thermomonitoring al-
lows a detection of thermal induced artifacts about 2-3 min earlier
than 1.5T and thus faster reaction to dislocation or side effects.

196
Accurate temperature mapping in breast tumours using fast,
PRF-based, gated MR thermometry
R. Salomir1, J. Palussière2, G. Herigault3, B. Denis de Senneville4,
N. Grenier5, C. T. Moonen4; 1U386, INSERM, Bordeaux, FRANCE,
2Radiology, Bergonié Institute, Bordeaux, FRANCE, 3Philips
Medical Systems, Philips, Paris, FRANCE, 4Imf, CNRS, Bordeaux,
FRANCE, 5Radiology, CHU, Bordeaux, FRANCE.

Introduction: The objective of this study was to investigate the ac-
curacy of fast PRF-based temperature measurement in breast tu-
mours for MR guidance of local thermal therapies.
Methodology: MR thermometry was performed on 15 conscious
patients (no sedation), which were undergoing breast MRI for fol-
low up or screening. This population included invasive duct carci-
noma - 6 cases, adenofibroma - 1 case, suspicion of tumour
recurrence after local therapy - 7 cases, first screening of patient
with high risk of breast cancer - 1 case. Experiments were per-
formed on a Philips Intera 1.5T MR scanner equipped with the re-

search keys �DRIN� (real-time data export) and «Advanced EPI ».
Magnitude and phase images were on-line transferred to a PC
workstation. Graphic user interface (Thermoguide, IGT SA,
Pessac, France) displayed the temperature maps in real time.
Accidental motion of patient could be immediately identified on
the temperature time course and a new acquisition was then per-
formed. Data were acquired both with and without respiratory gat-
ing in the same geometry using the breast coil of the scanner.
Saturation slabs were used to suppress the signal coming from the
lungs and/or the heart. Lipid suppression was performed using a
water selective 121 RF pulse and local shimming. Respiratory
gated, segmented GE-EPI sequence: 3 sagittal slices (one dynamic
scan per respiratory cycle), FOV=140mm x 140mm, acquisition
matrix 128x117, 13 k-space lines/TR, slice thickness 6 mm,
TE=20ms, TR=192ms, flip angle 50°, gate delay 300ms/ width
2076ms, 100 dynamic scans. Ungated sequence: 1 sagittal slice
(6mm thick), matrix 128x84, TR=100 ms, flip angle 35°, 21 k-
space lines/TR, temporal resolution 400ms.
Results and Discussion: Homogeneity of the local magnetic field
within tumoral or glandular tissue was systematically found better
than 1 ppm (Figure 1), thus the spectral selective pulse efficiently
suppressed signal from lipids. Temperature baseline acquired with-
out respiratory gating showed periodic oscillations due to respira-
tion (Figure 2) with a typical peak-to-peak amplitude on the order
of 8°C. Such perturbations do not originate from breast motion (as
analysed with specific algorithms). They are probably susceptibili-
ty-induced effects related to cyclic changes of lungs volume during
respiration. Use of respiratory-gated sequence permitted to obtain
an stable MR thermometry baseline, within 0.3°C to 1°C noise
standard deviation (Figure 3) and sufficient temporal resolution.
Conclusion: MR thermometry with typical standard deviation of
0.5°C can be performed in breast tumours. This study demonstrates
the ability of MRI for guiding hyperthermia treatment of breast
cancer.
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Magnetic resonance guided percutaneous radiofrequency
ablation of renal cell carcinomas: initial results
A. Boss1, S. Clasen1, D. Schmidt1, M. Kuczyk2, H. Graf3, 
C. D. Claussen1, F. Schick3, P. L. Pereira1; 1Department of
Diagnostic Radiology, University Hospital of Tübingen, Tübingen,
GERMANY, 2Department of Urology, University Hospital of
Tübingen, Tübingen, GERMANY, 3Section on Experimental
Radiology, University Hospital of Tübingen, Tübingen, GERMANY.

Purpose: In this prospective pilot study, feasibility and efficacy of
magnetic resonance (MR-) guidance for percutaneous radiofre-
quency (RF) ablation of renal cell carcinomas were assessed.

Materials and Methods: Seven patients (68 to 82 years old) with
renal cell carcinomas up to 4 cm in maximum diameter (tumor vol-
umes 1.9 cm3 to 28.7 cm3) were treated. Procedures were complete-
ly performed in the MR-suite, using a 0.2 Tesla interventional MR
scanner. Internally cooled MR-compatible single or cluster elec-
trodes were used in combination with an impedance controlled 200
W generator. Positioning of RF applicator was accomplished by
use of rapid gradient echo sequences (acquisition time 2.3 sec, fig.
1) and intermittent spin echo sequences. After ablation procedure,
extension of coagulation was visualized by T1 and T2 weighted
spin echo sequences. In case of incomplete treatment, another abla-
tion cycle was performed after repositioning of the RF applicator
within the same session. Before procedure and for F/U, native and
contrast-enhanced images were assessed at a 1.5 T MR scanner.
Results: Six out of 7 patients were completely treated within one
single session; one patient had to undergo a second session after de-
tection of residual tumor in F/U after 13 months. Mean number of
ablation cycles was 1.7; ablation time ranged from 12 to 28 min-
utes. Maximum diameter/volume of induced coagulation necrosis
within one session was 3.7 cm/25,1 cm3 using cluster electrodes.
All patients are disease free with a mean follow up of 6.4 months.
No major complications occurred. For visualization of coagulation
necrosis, T2 weighted imaging was found most suitable.
Conclusion: Fast MR imaging is a safe and convenient method for
rapid positioning of MR-compatible radiofrequency electrodes.
Near on-line MR monitoring of ablation procedure allows immedi-
ate assessment of coagulation extent. Compared to conventional ul-
trasound or CT guidance, MR-guided RF ablation might be a more
efficient modality for complete tumor ablation.
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Magnetic resonance imaging of primary malignant bone
tumors: Correlation with histologic findings
F. Todua1, S. Kakhadze2, K. Lashkhi2, M. Baramia3; 1Ct, mri,
Institute of Radiology and Interv.Diagnostics, Tbilisi, GEORGIA,
2Mri, Institute of Radiology and Interv.Diagnostics, Tbilisi,
GEORGIA, 3Nuclear Medicine, Institute of Radiology and
Interv.Diagnostics, Tbilisi, GEORGIA.

Purpose: The purpose of our study was to evaluate the capability
of magnetic resonance imaging (MRI) in the evaluation of malig-
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nant bone tumors, to perform correlation between MR appearance
and histologic findings.
Method and materials: 71 patients (32 females, 39 males, aged
from 9 to 61 years) with pathologically proven (at biopsy or needle
cytology) bone tumors were reviewed. Imaging included conven-
tional radiographs, MRI, bone scintigraphy.
Magnetic resonance imaging sequences included spin-echo (T1 -
TR/TE 532-15ms, FA - 90. T2 - TR/TE - 3000/102ms), T2-tirm
(TR/TE-5000/48 ms, TI-110ms), T1-GE (TR/TE - 500/17ms, FA-
90) images. T1-weighted axial images were obtained before and
after intravenous injection of Gd-DTPA.
Results: Osteogenic sarcoma was diagnosed in 34 patients, Ewing
sarcoma - 19, chondrosarcoma - 11, bone lymphoma - 7. In 7 cases
on plain film bone damage wasn�t detected. On bone scintigraphy,
the majority of lesions showed greater than mild uptake, in 11 cases
showed no uptake.
In general, bone tumors on MR images tend to demonstrate low
signal intensity on T1-weighted sequences and high signal intensi-
ty on T2-weighted images. Specific cellular constituents (e.g. fi-
brous, chondroid, blastic or teleangiectatic components), can
modify signal characteristics. There was noted excellent correlation
between the MR appearance of the extent of marrow, cortical bone,
and soft-tissue involvement and the postoperative data. Joint inva-
sion was diagnosed in 21 cases. We have revealed the following
criteria of joint damage: focal interruption of the articular cortex,
invasion of extrasynovial fat, and a mass within the joint space are
signs of joint involvement. False-positive interpretations noteced in
7 patients. Edema, characterized by indistinct margins, was a poor
indicator of malignancy. Peritumoral high signal intensity in the
soft tissues of patients with primary malignant tumors may repre-
sent only edema (73%) or a reactive zone containing also tumor
(27%). Intramedullary extension was seen in 45 cases. Associated
intramedullary edema was present on MR in 52 cases, soft tissue
edema in 33 cases.
Conclusion: This study shows that there is overlap in the radiolog-
ical appearances of primary malignant bone tumors especially in
the early stages. Magnetic resonance imaging is shown to be a use-
ful and sensitive modality in the detection and evaluation of bone
tumors. MR imaging accurately assesses soft tissue and synovial
involvement, as well as marrow infiltration, which may be radi-
ographically silent. In patients with extremity pain MR imaging is
necessary and MRI data wasn�t correlated with conventional radi-
ology.

199
Local growth of soft tissue tumors: assessment with MRI
K. Pinker1, M. Dominkus2, G. Amann3, F. Kainberger4, 
A. Ba-Ssalamah1; 1MR Centre of Exellence, Medical University
Vienna, Vienna, AUSTRIA, 2Orthopedics, Medical University
Vienna, Vienna, AUSTRIA, 3Clinical Pathology, Medical
University Vienna, Vienna, AUSTRIA, 4Radiodiagnostics
Osteology, Medical University Vienna, Vienna, AUSTRIA.

MRI is the modality of choice for the assessment of malignant soft
tissue tumors. There are several grading parameters - tumor vol-
ume, tumor margins, existance of a peritumoral edema, distribution
(intra- or extracompartmental), neurovascular bundle encasement
or displacement and bone involvement-, which are essential in
evaluating a suspicious lesion and giving a correct diagnosis con-
cerning its dignity [Tab.1]. The definition of the exact tumor bor-
ders is of special interest for surgical planning. Therefore the tumor
margins, the peritumoral edema and the anatomical barrieres,

which confine the lesion to its compartment must be carefully eval-
uated by MRI. There is still controversy concerning the ability of
MRI in characterisation of soft tissue tumors, but contrast enhanced
MRI is said to assist the attempt of characterisation of a le-
sion.[1,2,3]
In this cross sectional study we retrospectively evaluated 25 pa-
tients with malignant soft tissue tumors of the extremities. Every
patient underwent MRI at our institution with a 1.5 T unit (Siemens
Vision or Phillips Gyroscan). No patient had any surgical or local
treatment of the lesion before the MRI examination. The median
age of the patients was 55,9 years (age range: 74- 16 years). With
every examination a sufficient imaging qualitiy (sufficient
CNR,SNR,no artefacts) ,a sufficient slice selection and an adequate
MRI-sequence protocol as proved by a pilot study was provided.
Every surgically excised specimen was evaluated by experienced
pathohistologists. MRI-findings regarding tumorvolume,-extent,-
edema and bone involvement were correlated with intraoperative
and pathohistological findings.
In 79% of the soft tissue masses a combination of high tumor vol-
ume, changing pattern of homogeneity T1- and T2-weighted, extra-
compartemental distribution, peritumoral edema, low signal
intensity septations and contrast enhancement was present. In 60%
of the lesions there was also a signalinhomogeneity on T1-se-
quences. It could be demonstrated that the higher the tumor vol-
ume, the larger the peritumoral edema. Moreover, with increasing
tumor volume and edema, the liklehood of an extracompartmental
distribution was also highly increased. Bone involvement and neu-
rovascular bundle invasion was also more likely with high tumor
volume and extracompartemental distribution.
Every grading parameter itself is a marker for tumor malignancy,
but the multiparametrial combination can highly increase the secu-
rity of stating the correct tumor dignity and -extent. In conclusion,
MRI is the modality of choice for assessment of soft tissue lesions.
By the use of an adequate image quality, slice selection and se-
quence-protocol,. Therefore MRI findings are essential for the sur-
gical and conservative treatment of the lesion 
Gradingparameters
Changing pattern of homogeneity T1- and T2-weighted
Low signal intensity septations
Infiltration Neurovaskular Bundle [Fig.3]
Bone Involvement [Fig.2]
Anatomical Barriers
Contrast Enhancement
Peritumoral Edema
Tumormargins
Distributiom (Intra- or Extracompartmental) [Fig..1)
Tumorvolume
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MR imaging of sports related wrist fractures
D. P. Beall1, J. S. Stafira1, J. J. Hsiao1, E. K. Yi2, J. Q. Ly3, 
C. F. Sweet1; 1Radiology, Oklahoma University Medical Center,
Oklahoma City, OK, 2Radiology, David Grant Medical Center,
Travis AFB, CA, 3Radiology, Wilford Hall Medical Center, San
Antonio, TX, UNITED STATES.
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MR imaging of sports related wrist injuries: The intrinsic
ligaments and the triangular fibrocartilage complex
D. P. Beall1, J. S. Stafira1, J. J. Hsiao1, E. K. Yi2, J. Q. Ly3;
1Radiology, Oklahoma University Medical Center, Oklahoma City,
OK, 2Radiology, David Grant Medical Center, Travis AFB, CA,
3Radiology, Wilford Hall Medical Center, San Antonio, TX,
UNITED STATES.

Ligamentous and cartilaginous injuries of the hand and wrist are
common and constitute between 3% and 9% of all sports related in-
juries. Magnetic Resonance (MR) imaging plays an important role
in detecting scapho-lunate, luno-triquetral and triangular fibrocarti-
lage complex injuries. High-resolution 3D gradient-echo-se-
quences have been shown to have a significantly higher sensitivity
for the recognition of complete scapho-lunate ligament (SLL) and
luno-triquetral ligament (LTL) tears, but fast spin echo imaging
with fat suppression or fast inversion recovery images are more ef-
fective for determining if fluid signal crosses the SLL or LTL. The
triangular fibrocartilage complex (TFCC) is commonly damaged
traumatically, especially after distal radial fractures. Coronal T2-
weighted sequences have been found to be optimal for visualizing
tears of the TFCC because of their ability to reveal free fluid with-
in the tear. Overall, MR imaging has a degree of accuracy for de-
tecting TFCC tears, but it is only marginally adequate for
definitively diagnosing SLL or LTL tears at this time. Despite some
limitations, various techniques such as high-resolution imaging and
the appropriate pulse sequence selection may be used to optimize
the visualization of post-traumatic pathology related to the intrinsic
ligaments and the TFCC. In this presentation we discusses the post-
traumatic pathologic processes affecting the intrinsic ligaments and
the TFCC, and present various evidence-based imaging techniques
that may be used to optimize the visualization of the injury, thereby
providing an opportunity for MR imaging to rival the accuracy of
wrist arthroscopy for assessment of intrinsic ligamentous injuries
and TFCC tears.
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Enhanced MRI findings in two groups of LBP patients and
asymptomatic controls
T. S. Jensen, J. S. Soerensen, H. B. Albert, C. Manniche; The
Back Research Center, University of Southern Denmark, Ringe,
DENMARK.

Introduction: The use of magnetic resonance imaging (MRI) in
assessing acute and degenerative changes in the lumbar spine and
its relevance in low back pain (LBP) and sciatica is still a contro-
versial subject in research.
The aim of this study was to identify inflammation in tissue that
might have effect on sciatica and LBP.
Methods: The baseline data presented are from an ongoing longi-
tudinal MRI study using pre- and post contrast scans.

Three groups of patients, 68 patients with LBP and subacute sciati-
ca, 57 patients with LBP only, and 32 asymptomatic controls were
scanned using a standard MRI-protocol on an 0.2 T MRI-system
(Siemens Open Viva). All patients were administered Gd-DTPA
(MultiHance) according to bodyweight.
The enhancement of the lumbar discs, HIZ, protrusions, nerve
roots, endplates and facet joints were evaluated using a visual eval-
uation protocol. Differences between groups were analysed using
Fisher�s exact (two sided).
Results: Results of the visual evaluation are shown in the table
below. Prevalence of enhancement in protrusions and nerve roots
were significantly higher (p<0.0001) in patients with sciatica com-
pared to patients with LBP-only and asymptomatic controls. With
respect to enhancement in endplates, there was significant differ-
ence (p<0.05) between LBP-sciatica and asymptomatics.
Prevalence of enhancement in facet joints were significantly differ-
ent between LBP-sciatica and asymptomatic controls (p<0.001)
and between LBP-only and asymptomatic controls (p<0.05).
There were no significant differences between groups with respect
to enhancement in the disc and HIZ.

Endnotes
i Difference between LBP-sciatica and the other groups
(p<0.0001).
ii Difference between LBP-sciatica and Asymptomatic group
(p<0.05)
iii Difference between Asymptomatic group and LBP-sciatica
(p<0.001) as well as LBP-only (p<0.05)
Discussion: Results from this study show that there are significant
differences between groups with respect to enhancement in protru-
sions, nerve roots, facet joints and endplates.
Though follow-up analysis is required to identify the long term con-
sequences, i.e. prognosis, of these findings, these results imply that
enhanced MRI could raise the prognostic value of this modality.

203
Post-contrast MRI of lumbar disc protrusions and nerve roots
in sciatica patients and two control groups
T. S. Jensen, J. S. Soerensen, H. B. Albert, C. Manniche; The
Back Research Center, University of Southern Denmark, Ringe,
DENMARK.

Introduction: The aim of this study was to identify how large a
proportion of individuals with sciatica have concomitant MRI-find-
ings of enhancement in at least one lumbar disc protrusion or nerve
root.
Methods and Subjects: Three groups of individuals, 61 patients
with sciatica below the knee, 56 patients with LBP, and 43 asymp-
tomatic controls were scanned using a standard lumbar protocol.
After administering i.v. contrast, Gd-BOPTA (MultiHance®), ac-

LBP-sciatica
(n=68)

LBP-only
(n=57)

Asymptomatic
(n=32)

% % %
Disc 4,4 8,8 0

HIZ 39,7 31,5 21,8
Protrusion 44,1 i 0 6,3
Roots 32,4 * 5,2 3,1
Endplates 32,4 ii 24,1 12,5
Facet joints 38,2 24,1 6,3 iii

Other 10,3 5,3 3,1
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cording to bodyweight, sagital and axial T1-sequences were repeat-
ed. Post-contrast evaluation of nerve roots and disc protrusions
were evaluated using a visual evaluation protocol based on the lit-
erature. Self reported leg pain was recorded on an 11 box scale.
Results:

Conclusion: A considerable proportion of individuals with sciatica
had enhancement of protrusions and nerve roots compared to indi-
viduals with LBP and no LBP. Only a small proportion of individu-
als with no leg pain had enhancement of protrusions and nerve
roots compared to those individuals with leg pain.
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Comparison of fast single-shot MRI with high-resolution
spiral CT in the detection of pulmonary infiltrates in
neutropenic patients
R. Eibel1, P. Herzog1, O. Dietrich1, C. Rieger2, H. Ostermann2, 
M. F. Reiser1, S. Schoenberg1; 1Department of Clinical Radiology,
Ludwig-Maximilians University Munich, Munich, GERMANY,
2Department of Hematology / Oncology, Ludwig-Maximilians
University Munich, Munich, GERMANY.

Purpose: To compare magnetic resonance imaging (MRI) with
high-resolution spiral computed tomography (HR-SCT) in the de-
tection of pulmonary infiltrates in the immunocompromised host.
Further, to evaluate the ability of MRI to describe the characteristic
features of infiltrates including the margin contours, ground-glass
opacities and consolidation.
Materials and Methods: 20 consecutive neutropenic patients with
fever of unknown origin were examined with MRI during breath
hold, using a single-shot half Fourier Turbo spin echo sequence
(HASTE). To reduce image blurring and to increase the MR signal
in the lungs, the echo time was shortened by generalized autocali-
brating partially parallel acquisition (GRAPPA). Additionally,

every patient underwent HR-SCT scanning of the thorax (collima-
tion 4x1mm, pitch 6). CT was used as the standard of reference.
Infiltrates, their location and distribution, and the infiltrate charac-
teristics were analyzed in consensus by three readers, blinded for
the results of CT image evaluation.
Results: 13 patients had infiltrates (ill-defined nodules, ground-
glass attenuations and consolidations) according to HR-SCT. In 12
patients (92%) the diagnosis of pneumonia was correctly estab-
lished by MRI. One false-negative finding occurred in a patient
with only small ill-defined nodules, measuring less than 1 cm in
CT. One false-positive finding in MRI was the result of blurring
and respiratory artifacts (MRI sensitivity, 0.92; specificity, 0.86;
positive predictive value, 0.92). There was no significant difference
in the description of lesion location and distribution.
Conclusion: With parallel imaging (GRAPPA-technique) MRI ap-
pears nearly as good as HR-SCT in the detection of pulmonary in-
filtrates without the disadvantages of repeated radiation exposure.

Enhancementi
n disc protru-
sions

Sciatican=61 LBPn=56 No-
LBPn=43

n=160

None 54 % 100 % 95 % n=130

≥ 1 46 % 0 % 5 % n=30

Enhanceme
nt in disc
protrusion

No leg
pain(0)

Mild leg
pain (1-3)

Moderate
leg pain (4-
6)

Severe leg
pain(7-10)

None 96 % 64 % 65 % 65 % n=130
≥ 1 4 % 36 % 35 % 35 % n=30

n=84 n=33 n=23 n=20 n=160

Enhancement
in nerve roots

Sciatican=61 LBPn=56 No-
LBPn=43

n=160

None 61 % 93 % 98 % n=130

≥ 1 39 % 7 % 2 % n=30
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Comparison of hyperpolarised 3He MRI, HRCT and 
81mKr-scintigraphy in normal volunteers, patients with COPD
and patients with alpha-1-antitrypsin deficiency - PHIL trial.
T. Stavngaard1,2, L. Vejby Søgaard1, C. P. Heussel3, E. J. van
Beek4, A. M. Dahmen3, K. K. Gast3, J. M Wild4, W. G. Schreiber3,
H. Kauczor5; 1Danish Research Centre for Magnetic Resonance,
Hvidovre Hospital, Hvidovre, DENMARK, 2Dept. of Clinical
Physiology and Nuclear Medicine, Rigshospitalet, Copenhagen,
DENMARK, 3Department of Radiology, Johannes Gutenberg-
University, Mainz, GERMANY, 4Unit of Academic Radiology,
Royal Hallamshire Hospital, Sheffield, UNITED KINGDOM,
5Department of Radiology, Deutsches Krebsforschungszentrum
(DKFZ), Heidelberg, GERMANY.

Introduction: Hyperpolarized 3He MR imaging (HP-MRI) of the
lung is a highly sensitive method to provide information of region-
al ventilation. However, a systematic large scale comparison be-
tween this new ventilation imaging modality and routine
examinations has not been performed.
Here, we present results from comparison of HP-MRI and pul-
monary function test (PFT), HRCT and 81mKr single photon emis-
sion computed tomography (SPECT) in a European three centre
study including 122 patients.
Subjects and Methods: 122 patients with chronic obstructive pul-
monary disease (COPD; FEV1<70% predicted and reversibility of
<12% and <200 ml) and age matched never smokers were included
in a prospective 3-centre trial. To assess ventilation distribution
PFT, HRCT (1mm, 10/20mm interval) and HP-MRI were per-
formed in all centres, 81mKr-SPECT in only one. The 3He gas was
polarized centrally and shipped to the two other centers by air. All
centers use 1.5 T clinical scanners with dedicated 3He coils.
Coronal images were acquired after inhalation of 300 ml 3He dur-
ing breath-hold. All images were randomly and individually as-
sessed for severity of COPD by a panel of chest radiologists,
blinded to clinical details. In addition side-by-side analysis of
HRCT and HP-MRI was performed.
Results: Six patients were excluded, and 116 were included:
COPD (63), alpha-1-antitrypsin deficiency (A1ATD; 17) and never
smokers (NS; 36). Male:female ratio was 78/38 with mean age 62
years (range 50-79). In the 81mKr-SPECT substudy 35 patients were
included (COPD 24, A1ATD 3, NS 8). HP-MRI could not be eval-
uated in 18 patients due to technical failure, claustrophobia or with-
drawal of consent.
HP-MRI could be correlated with CT and spirometry in 98 patients;
with 81mKr-SPECT in 33 patients. The mean diseased lung volume
as determined by HRCT, HP-MRI or 81mKr-SPECT corresponded
with mean FEV1 (%predicted) in both patients and NS (table 1).
HRCT demonstrated emphysema in 44/63, and wedge shaped HP-
MRI defects were found in 50/63. For A1ATD these figures were
16/17 and 13/17, respectively. No emphysema was found in NS,
but wedge shaped defects in 13/36.
Table 1

Conclusion: Hyperpolarized 3He MRI is feasible in the patients
with moderate to severe emphysema and closely correlates with
HRCT, 81mKr-SPECT and spirometric data. Whereas HP-MRI and
81mKr-SPECT are equal in assessing ventilation defects, the two
methods may be more sensitive to ventilation abnormalities than CT.

206
In vitro and in vivo velocity maps and air flow with
hyperpolarized helium-3
L. de Rochefort1, X. Maître1, R. Fodil2, B. Louis2, E. Durand1, 
D. Isabey2, L. Vial3, C. Croce2, G. Sbirlea-Apiou3, G. Caillibote3, 
L. Darrasse1, J. Bittoun1; 1CIERM, U2R2M, Unité de Recherche en
Résonance Magnétique Médicale, CNRS, Université Paris Sud,
UMR 8081, Le Kremlin-Bicêtre, FRANCE, 2Physiopathologie et
Thérapeutique Respiratoires, INSERM, UMR 492, Créteil,
FRANCE, 3Claude Delorme Research Center, Air Liquide, 
Jouy en Josas, FRANCE.

Purpose: None of the techniques used so far to measure gas veloc-
ity can be applied in vivo[1]. Dynamic acquisition with hyperpolar-
ized 3He have provided functional information on flow dynamics in
lungs but data processing and quantification is not straightforward
[2,3,4]. Here, a phase-contrast technique to measure the axial and
secondary velocity components of air flow is proposed, it shows
good agreement on simple geometries with known patterns.
Preliminary in vivo measurements are performed.
Materials and Methods: Experiments were performed at 1.5 T. A
2D-spatial 3D-velocity radial gradient-echo sequence with 2-step
phase-contrast velocity-encoding was implemented: TE/TR=6/12
ms, α=10-45°, Nx=64, BW=16 kHz, FOV=100 mm, Field-Of-
Speed=3 m/s, 1024 projections , slice thickness=10 mm.
For each measurement, 120 ml of 3He hyperpolarized at 10% [5]
diluted in N2+air was administrated. Flow and pressure were mon-
itored. Data were reconstructed by filtered back-projection on
Scilab [6]. Measurements were first validated on a bend and a sin-
gle bifurcation (fig. 1), then performed on a volunteer.
Results: Multiple maps were obtained within ~1 s. Integration of
through-plane velocity matched the measured input flow better
than 5%. The acquisition at various positions in the bend (0°, 30°,
60°, 90°, 180°) and throughout the bifurcation (1d, 2d, 3d) agreed
with previously reported velocity patterns obtained on the same
geometries [7,8]. Figure 2 shows velocity map at 180° in the bend.
Figure 3 presents velocity profiles in the bifurcation plane. Figure 4
shows a velocity map obtained in vivo on a volunteer�s trachea,
also in agreement with former in vitro lung cast experiments [9].
Discussion and Conclusion: Combining hyperpolarized helium,
radial acquisition and phase-contrast techniques allows to over-
come the classical limitations of available techniques to perform in
vivo quantitative measurements of velocity maps on air flows.
Accuracy of this new technique is demonstrated qualitatively and
quantitatively on the basis of two well referenced 3D-flow patterns
and on the comparison with monitored flow. It opens new possibil-
ities to perform non invasive measurements of airway respiratory
flow in human subjects and challenge in vitro and in vivo gas dy-
namics.
Acknowledgement: To Honeywell for flow sensors and to Mainz
University for helping in the gas administrator design.
Grant from the French ministry of research (R-MOD project,
#01B0338).

% mean diseased lung COPD A1ATD NS

HP-MRI 40 58 8
81mKr-SPECT 44 - 3
HRCT 30 43 7
FEV1 (% predicted) 45 39 104
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Figure 1: Phantoms : bend (d=25 mm, R=8d), bifurcation (D=25.4
mm , d=19.8 mm, q=70°) both made of tubes with circular cross-
sections. 1d,2d,3d is for the position after carina.

Figure 2: Measured velocity map at 180° in bend (Reynolds=1080,
flow=340 ml/s) showing typical asymmetrical axial velocity shape
(colour-encoded) and two in-plane eddies (arrows).

Figure 3 : Axial velocity profile in the bifurcation plane in a daugh-
ter branch for several positions (1d, 2d, 3d) (Reynolds=525,
flow=250 ml/s). Error bars calculated from [10].

Figure 4: In vivo axial iso-velocity contour map in human trachea,
4 cm downstream the larynx, with 135 ml/s inspiration flow. Bold
is mean velocity. Contour every 20% of mean velocity. Results
qualitatively in agreement with [9].
References:
[1] A. Ramuzat [2003] Bio Fluid Dyn, VKI, Lect series 2003-0
[2] M. Salerno, et al. [2001] Magn Reson Med, 46:667-677
[3] M. Viallon, et al. [2000] NMR Biomed, 13:207-213
[4] D. Dupuich, et al. [2003] Magn Reson Med, 50:777-783
[5] J. Choukeife, et al. [2003] ISMRM, 1391
[6] INRIA/ENPC http://www-rocq.inria.fr/scilab/
[7] D. Olson [1971] Imperial College, PhD thesis.
[8] T. J. Pedley, et al. [1971] J. Fluid Mech., 46:365-383
[9] D. E. Olson, et al. [1973] Arch Intern Med, 131:51-57.
[10] E. Durand, et al. [2001] J Magn Reson Imaging, 13:445-51
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Quantitative analysed 3D dynamic MR perfusion imaging:
Utility for assessment of disease severity in primary
pulmonary hypertension patients
Y. Ohno1, M. Nogami1, T. Higashino1, D. Takenaka2, M. Fujii1, 
K. Sugimura1; 1Radiology, Kobe University Graduate School of
Medicine, Kobe, JAPAN, 2Radiology, Kasai Municipal Hospital,
Kobe, JAPAN.

Purpose: To determine the capability of 3D MR perfusion imaging
for quantitative assessment of disease severity in PPH patients.
Materials and Methods: 3D dynamic contrast-enhanced MR per-
fusion imaging (TR 2.7ms/ TE 0.6 ms/ Flip angle 40°, 100-240 mm
slab thickness, 10-12 partitions) was performed in 14 normal vol-
unteers and nine consecutive PPH patients. All PPH patients under-
went catheterization of the right side of the heart. From the signal
intensity-time course curves, pulmonary blood flow (PBF), pul-
monary blood volume (PBV) and mean transit time (MTT) maps
were generated using deconvolution analysis, indicator dilution
theories and the central volume principle on a pixel-by-pixel basis.
From all pulmonary perfusion parameter maps, regional PBF, PBV
and MTT of each lung field were determined in 6 spatially defined
regions of interest (ROIs) in both lungs. To evaluate the difference
of regional pulmonary perfusion parameters between normal and
PPH subjects, mean regional PBF, PBV and MTT were statistically
compared by Student�s t-test. To determine the capability of quanti-
tative pulmonary perfusion parameters for assessment of the sever-
ity of PPH and estimation of disease severity, pulmonary perfusion
parameters, which had significant difference between normal and
PPH subjects, were correlated with PVR. A p value less than 0.05
was considered significant in all statistical analyses.
Results: All 3D dynamic contrast-enhanced MR perfusion imaging
examinations were successfully completed. Mean regional PBF
and MTT of normal volunteer had significant difference with that
of PPH patient (p<0.0001). On correlation between PVR and PBF,
PBF had excellent negative-correlation with PVR (r=-0.89,
r2=0.79, p=0.0015). On correlation between PVR and MTT, MTT
had good positive-correlation with PVR (r=0.82, r2=0.67,
p=0.0067).
Conclusion: 3D dynamic MR perfusion imaging has the potential
for assessment of disease severity in PPH patients. Moreover, this
technique may offer the opportunity to noninvasively evaluate the
pathophysiology of PPH patients with high spatial resolution and
no radiation exposure.
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Suppression of pulmonary vasculature in quantitative lung
perfusion MRI
F. Risse1, C. Fink2, T. A. Kuder2, R. Buhmann2, H. Kauczor2, 
L. R. Schad1; 1Medizinische Physik in der Radiologie, Deutsches
Krebsforschungszentrum, Heidelberg, GERMANY, 2Radiologie,
Deutsches Krebsforschungszentrum, Heidelberg, GERMANY.

Introduction: Dynamic contrast-enhanced 3D MRI is a promising
approach for the evaluation of lung perfusion [1]. For perfusion
quantification, the presence of pulmonary vessels results in an
overestimation of lung perfusion. Correlation analysis has previ-
ously been used for the separation of arteries and veins in time-re-
solved MRA data [2]. The aim of this work is the application of
cross-correlation analysis for the suppression of large pulmonary
vessels to reduce their contribution to perfusion quantification.
Methods: The method was evaluated on patient and volunteer data
acquired on a 1.5T MR scanner using a time-resolved parallel 3D-
FLASH sequence (TE/TR/a: 0.8ms/1.9ms/40°, voxel size
3.6×2.0×5.0mm³, temporal resolution 1.5s) after the injection of
0.1mmol/kg b.w. Gd-DTPA [1].
A region-of-interest (ROI) was either defined in the pulmonary ar-
tery and vein in a central partition of the dynamic data set. ROIs
covering the lungs were drawn in all volume partitions. The signal-
time-courses of the vessels were cross-correlated with the signal-
time-courses of each pixel. Pixels with good correlation were
assumed to be arterial or venous and therefore removed from the
lung regions.
Segmentation of the lungs was done either with and without using
the cross-correlation analysis. Perfusion parameter were calculated
for the entire lung and on a pixel-by-pixel basis [1].
Results: The suppression of large arteries and veins was feasible
(Figure 1), even for vessels crossing through-plane in peripherical
partitions. The contribution of the vessel signal to the perfusion
quantification was therefore distinctly reduced. Figure 2 shows a
representative profile of pulmonary blood flow (PBF) in ventro-
dorsal direction in a healthy volunteer.
Using the vasculature suppression, a gradient of PBF values was
observed in gravitational direction as described previously [3],
whereas for manual removal of vessels, lower PBF values were
found in central compared to peripherical lung regions.
Discussion: The application of cross-correlation analysis for the sup-
pression of large vessels reduces their contribution to perfusion
quantification leading to an improved estimation of perfusion param-
eters. Especially in peripherical regions of the lungs, where the ves-
sels are crossing through-plane and manual exclusion is impossible.
In addition, the segmentation of the lungs, especially close to the
mediastinum, is easier. Arteries and veins must not be excluded
manually, as this leads to complex outlines of the lung regions.
References:
[1] Fink C et al. Rofo Fortschr Geb Rontgenstr Neuen Bildgeb
Verfahr [2004] 176:170-174
[2] Bock M et al. Magn Reson Med [2000] 43:481-487
[3] Schuster DP et al. J Nucl Med [1995] 36:371-377

209
Velocity-encoded MR imaging with sensitivity encoding
(SENSE) for assessment of pulmonary blood flow:
Reproducibility and measuring agreement with Doppler
Echocardiography
M. Nogami1, Y. Ohno1, T. Higashino1, D. Takenaka2, M. Fujii1, 
K. Sugimura1; 1Department of Radiology, Kobe University
Graduate School of Medicine, Kobe, JAPAN, 2Department of
Radiology, Kasai Municipal Hospital, Kasai, JAPAN.

Purpose: Velocity-encoded MR imaging (VE-MRI) with parallel
imaging technique such as sensitivity encoding (SENSE) has been
utilized to improve temporal resolution and/ or to reduce breath-
holding time. The purpose of our study was to assess the repro-
ducibility and measuring agreement of velocity-MRI with SENSE
and to determine the optimal scan parameters of VE-MRI to substi-
tute for Doppler echocardiography on assessment of pulmonary
blood flow.
Subjects and Methods: Six healthy volunteers (six men; age range
26-37 years; mean age; 31 years) were examined VE-MRI and
Doppler echocardiography in two times. All VE-MRI examinations
were obtained by the two-dimensional Fourier method (TR 5.4 ms/
TE 3.0 ms, a constant 15° flip angle) with or without SENSE tech-
nique. The velocity-encoding gradient was adjusted to 150 cm/sec
without aliasing. Pulmonary blood flow measurement was planned
in a double-oblique section perpendicular to the main pulmonary
artery. To determine the utility of SENSE and optimal divided R-R
interval frame for reproducibility and measuring agreement of VE-
MRI, SENSE reduction factor was changed 0 or 2, and R-R
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interval was divided into 10 to 30 frames under less than 40 sec-
onds breath-holding. Total numbers of VE-MRI sequence were 6.
The reproducibility between first and second examination of each
VE-MRI was examined. Correlations and the limits of agreements
between VE-MRI and Doppler echocardiography were evaluated.
For assessment of the limits of agreement and reproducibility,
Bland-Altman�s analyses were adapted.
Results: The best coefficient of reproducibility for pulmonary
blood flow (±12.4 cm/sec) between first and second VE-MRI ex-
amination was obtained by using SENSE with R-R interval divided
into 30 frames. The best correlation (r=0.80, p<0.001) and limits of
agreements (22.9±13.0 cm/sec) between VE-MRI and Doppler
echocardiography was also obtained by using SENSE with R-R in-
terval divided into 30 frames.
Conclusion: VE-MRI with SENSE and high frame numbers of R-
R interval can obtain precise time-velocity curve of the pulmonary
blood flow in short breath holding time with high reproducibility
and good measuring agreement with Doppler echocardiography.
VE-MRI with SENSE is able to substitute for Doppler echocardio-
graphy on assessment of pulmonary blood flow.

Reproducibility, correlation and limits of agreement of Velocity-en-
coded MR imaging.

EPOS Highlights Session
3:00 pm - 4:00 pm EPOS Theatre
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SSFP based versus spin-echo proton SI at 4.7 Tesla
M. Althaus, W. Dreher, C. Geppert, D. Leibfritz; FB2
(Chemistry), University of Bremen, Bremen, GERMANY.

Introduction: Various pulse sequences based on the formation of a
steady state (SSFP) signal have been proposed for proton SI and
applied in vivo on the rat brain [1]. This work compairs experimen-
tally the signal-to-noise ratio per unit measurement time (SNRt) of
the echo-like SSFP variant with a classical spin-echo SI experiment
[2,3] that sets the gold standard in terms of sensitivity [4].
Methods: Measurement parameters of SSFP (Figure 1):
alpha=40°, FOV 32x32x32mm3, 16x16x16 PE steps, TR=72ms,
SW=10kHz, Tmeas=5:02min. Measurement parameters (spin-echo
SI): FOV 32x32mm2, 2mm slice, 16x16 PE steps, TE=144ms,
SW=4006Hz, Tmeas=5:02min.
Experiments are carried out on a 4.7T/40cm Bruker Biospec
System on healthy female Wistar rats. The B0 field homogeneity is
optimized for the classical 2D spin-echo SI experiment with its
slice being the central slice of the SSFP measurement.

Results: The localization of the array of spectra in Figure 2b (clas-
sical SI) and 2c (SSFP) corresponds to the grid overlaid on the
anatomical image (Fig.2a) of an in vivo measurement. The spectra
shown in 2d (classical SI) and 2e (SSFP) represent the marked
voxel. Spectra of the SSFP measurement are phase corrected
whereas for the classical SI measurement only magnitude spectra
are shown. However, in both cases the SNRt is calculated from the
phase corrected spectra taking the NAA signal at 2.01ppm as the
reference signal. The noise is determined from signal free regions.
Taking the different point spread functions due to the apodization
in kz into account (factor 1.5), the SNRt of the echo-like SSFP se-
quence is about 56% of the classical SI.

Method Time
frames

Breath
Hold
Time

Reprodu
cibility

Correlati
on[r]

Correlati
on[p
value]

Limits of
Agreement

Without
SENSE

10 19.3±0.5 4.1±16.9 0.70 0.003 29.0±7.8

Without
SENSE

20 39.3±1.0 3.4±16.9 0.66 0.004 25.1±8.3

Without
SENSE

30 Not
Applica
ble

Not
Applica
ble

Not
Applica
ble

Not
Applica
ble

Not
Applicabl
e

With
SENSE

10 9.7±0.5 5.2±16.9 0.73 0.002 28.8±7.4

With
SENSE

20 19.3±0.7 3.0±19.3 0.75 0.001 23.0±7.0

With
SENSE

30 29.1±1.1 4.7±12.4 0.80 0.001 22.9±6.5
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Discussion and Conclusion: Simulations [1] have shown that
SSFP based proton SI may exhibit an increased SNRt compared to
classical spin-echo SI, especially if the FID-like signal S1 is ac-
quired. Though in this work the SNRt of the echo-like variant is
shown to be reduced compared to classical SI, this variant is prefer-
ably used because of excellent water suppression and reproducibil-
ity. In conclusion SSFP based proton SI is of particular interest for
metabolic studies where full 3D spatial resolution and a short min-
imum measurement time Tmin are needed. Sampling the signal in
presence of an oscillating readout gradient leads to a further reduc-
tion of Tmin [5].
References:
[1] Dreher W et al. MRM 2003;50:453-460
[2] Maudsley A et al. JMR 1983;51:147-152
[3] Brown T et al. PNAS USA 1982;79:3523-3526
[4] Pohmann R et al. JMR 1997;129:145-160
[5] Althaus M et al. ESMRMB 2003;#210
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Involvement of the Hippocampus in Schizophrenia: A
Combined MR-Spectroscopic and MRI-Volumetric Study
J. Slotboom1, C. Kiefer1, C. Brekenfeld1, C. Buri2, T. Dierks2, 
W. Strik2, G. Schroth1, P. Kalus1; 1Institute of Diagnostic and
Interventional Neuroradiology, Inselspital, Bern, SWITZERLAND,
2University Hospital of Clinical Psychiatry, Inselspital, Bern,
SWITZERLAND.

Purpose/Introduction: Postmortem investigations demonstrated
different neuropathological changes of the hippocampus (HC) in
schizophrenia (1). However, previous MRI-volumetric and MR-
spectroscopic examinations on the HC of schizophrenic patients re-
mained contradictory concerning the presence of significant

alterations. The present study employed a bimodal MRI protocol
with single voxel 1H-MR spectroscopy (SVS) and high-resolution
3D imaging in order to examine the HC of schizophrenics and con-
trol subjects.
Subjects and Methods: 12 patients suffering from schizophrenic
psychoses and 10 matched healthy controls were examined with a
combined protocol including a 3D MPRAGE (1mm isovoxel) and
SVS (PRESS, TE 30, TR 1500, N=128 averages, voxel size
15x40x15mm3) of the HC. MRI volumetry of the HC was conduct-
ed according to a previously evaluated ROI tracing protocol (2).
SVS was analysed using the TDFDFIT quantification method (3).
Automatic shimming of the hippocampal area did not always suc-
ceed; poorly shimmed spectra were excluded from data analysis.
Figure 1 shows a TE 30 proton spectrum of the hippocampus, its fit
and the residual spectrum.
Results: In schizophrenic patients, there were no significant vol-
ume alterations of the HC and its subregions. However, SVS re-
vealed significant reductions of the N-acetyl aspartate (NAA)
(ANOVA: p<.001) and glutamine/glutamate (GLX) concentrations
(p=.008) in schizophrenics. The creatine, choline and inositol con-
centrations were unchanged in the patient group. Volumetric and
spectroscopic parameters did not correlate with each other.
Furthermore, there were no significant correlations between the ex-
amined MRI parameters and the psychopathological measures in
schizophrenic patients.
Discussion/Conclusion: In our study of the HC of schizophrenic
patients, SVS demonstrated significant alterations of the concentra-
tions of two brain metabolites in the absence of volumetric
changes. These results are discussed in the view of the subtle cy-
toarchitectural and neurochemical changes observed in neu-
ropathological studies in schizophrenia. Combinations of different
MRI modalities are a promising approach to the detection and char-
acterization of subtle brain tissue alterations.
References:
[1] Arnold SE. Hippocampal Pathology. In: The Neuropathology

of Schizophrenia. Progress and Interpretation. Harrison PJ and
Roberts GW (editors). Oxford: Oxford University Press; 2000.
pp. 57-80.

[2] Kalus P, Buri C, Slotboom J, Gralla J, Remonda L, Dierks T,
Strik WK, Schroth G, Kiefer C (2004a) Volumetry and
Diffusion Tensor Imaging of Hippocampal Subregions in
Schizophrenia. Neuroreport 15, 867-871

[3] Slotboom J, Boesch C, Kreis R (1998) Versatile frequency do-
main fitting using time domain models and prior knowledge.
Magn Reson Med 39(6): 899-911
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Calculation of quantitative 1H MR spectra of the brain using
the LCModel technique with and without the contribution of
lipids and macromolecules
J. Dolezal, M. Burian, M. Dezortova, A. Skoch, M. Hajek; MR
Unit, Department of Diagnostic and Interventional Radiology,
Institute for Clinical and Experimental Medicine, Prague, CZECH
REPUBLIC.

Introduction: LCModel software (Linear Combination of Model
Spectra) is widely used for spectra evaluation (1). Several versions
of the program are available; the latest LCModel version 6.0.0 is
able to evaluate spectra with the contribution of lipids & macro-
molecules (LMM).
The aim of this study was to compare results of control spectra
evaluation with and without consideration of LMM by two ver-
sions of LCModel and different basis sets.
Subjects and Methods: 127 brain spectra (Siemens Vision 1.5T,
STEAM TR/TE=5000/10ms) of 72 healthy volunteers (age range:
17-35 years) from hippocampus, basal ganglia, occipital white mat-
ter, centrum semiovale, cerebellum (VOI varying from 3 to 13 ml)
were measured.
Spectra were analyzed using LCModel 6.0.0 and LCModel 5.2.2
program versions with the same basis sets and then normalized
using a Quality Control coefficient describing actual scanner con-
ditions (2).
The following metabolites were used in the basis sets: scyllo-
Inositol(Scyllo), Alanine(Ala), Choline(Cho), Creatine(Cr), γ-
aminobutyrate(GABA), Glucose(Glc), Glutamine(Glu),
Glumate(Gln), myo-Inositol(Ins), Lactate(Lac), N-
Acetylaspartate(NAA), N-Acetylaspartylglutamate(NAAG), and
Taurine(Tau). F-tests, t-tests and ANOVA were performed in
Microsoft Excel.
Results: Using t-tests for single metabolites, significant differences
(p=0.05) were found in Cr, Lac, NAA, NAA+NAAG, and Glx
(Gln+Glu+GABA) concentrations in basal ganglia while only
changes in Lac were found in the cerebellum and centrum semio-
vale. Differences were found in Lac, NAA, NAA+NAAG, Glu and
Gln in the hippocampus and in NAA+NAAG, Gln and Glu in oc-
cipital white matter. In general, calculations with the contribution
of LMM (LCModel 6.0.0) give lower absolute values with lower
variability in the case of GABA, Glu, Lac, NAA, NAAG,
NAA+NAAG (the example for basal ganglia - see Table 1).
Table 1: Concentration [mM] of the most important metabolites.
*significant difference at p<0.05

Discussion/Conclusion: We found significant differences in con-
centrations of metabolites calculated with the contribution of
LMM.
The program version with LMM in the basis set tends towards
lower variability, so it can be considered more precise. The calcula-

tion of concentrations without LMM in the basis set overestimated
NAA and Lac on average by 11% and 236%, respectively, and un-
derestimate Glx and Cr by 7% and 2%.
We also compared LCModel default basis set with LMM simula-
tion and basis set extended according to (3). We only found a dif-
ference in Cr, which is probably caused by the contribution of a
component centered around 3.0 ppm in the extended basis set.
Supported by grant CEZ:L17/98:00023001, Czech Republic
References:
[1] Provencher SW [2001] NMR. Biomed. 14:260-264
[2] Hajek M [2000] MAGMA 10:6-17
[3] Seeger U [2003] Magn. Reson. Med. 49:19-28
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Intensity correction may introduce left/right and anterior/
posterior differences in volume selective CSI
G. Starck1,2, B. Vikhoff-Baaz1,2, S. Ekholm3, 
E. Forssell-Aronsson2,1; 1Medical Physics and Biomedical
Engineering, Sahlgrenska University Hospital, Göteborg,
SWEDEN, 2Radiation Physics, Göteborg University, Göteborg,
SWEDEN, 3Radiology, University of Rochester, Rochester, NY,
UNITED STATES.

Purpose/Introduction: Chemical shift imaging (CSI) is often per-
formed with a volume selection based on RF excitations of the vol-
ume of interest. Intensity variations in the metabolite image may
then be introduced by imperfect excitation profiles, sensitivity vari-
ation of the coil and the point-spread function (PSF) of the CSI.
Before comparing spectra from different parts of the CSI, such in-
tensity variations may be corrected for. This can be achieved using
an intensity profile obtained in a homogeneous phantom, all other
conditions identical (1). In 1H spectroscopy at 1.5 T the chemical
shift displacement of the volume selection may be approximately 2
mm between Cho/Cr and NAA, while the intensity may vary slow-
ly over a distance of 2 cm. It may seem appropriate to use the same
intensity profile to correct the entire spectrum and the purpose was
to examine the virtues of this correction strategy.
Subjects and Methods: A calculation under the conditions:
B0 1.5 T, Excitation BW 2.4 kHz, intensity profile FWHM 70 mm,
transition region of the profile 20 mm, metabolites: Cho (204 Hz),
Cr (192 Hz) and NAA (128 Hz). NAA was considered on reso-
nance and correction was obtained dividing all intensity profiles
with the profile of NAA.
Results: NAA was corrected, but Cho/Cr received systematic errors
of opposite sign at opposite edges of the selected volume (Fig. 1).
The extension of the error into the selected volume increased with
the transition region. When the transition region narrowed, the
magnitude of the error increased.

Cho Cr Ins Lac NAA NAA +
NAAG

Glx

basal
ganglia
LCMode
l 5.2.2

1.7(0.5) 8.8(1.6)
*

2.3(1.3) 1.9(1.2)
*

10.0(1.4)
*

10.4(1.3)
*

8.5(4.3)*

basal
ganglia
LCMode
l 6.0.0

1.8(0.5) 9.7(1.2) 2.3(1.6) 0.5(0.7) 8.6(1.0) 8.7(1.0) 11.7(2.5)
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Discussion/Conclusion: Notably, the calculated errors were much
larger than the amplitude difference between the uncorrected pro-
files. In transaxial CSI such errors may cause a systematic intensity
difference between the anterior and posterior edges, and between
the left and right edges of the volume selection. The origin is the
chemical shift displacement of the volume selection. Each reso-
nance is obtained from a volume, which is displaced proportional
to the ratio: chemical shift (Hz) over RF pulse bandwidth.
Therefore, the effect increases with spectral separation of metabo-
lites and with decreasing bandwidth becoming more pronounced at
higher field strengths. The transition region of the intensity profile
has the size of the PSF of the CSI, at least. However, the correction
error is effectively avoided by applying a chemical-shift-specific
correction for each resonance.
References:
[1] Vermathen P et al. Radiology [2000] 214 pp403-410.
Acknowledgements: Swedish Medical Research Council (14039)
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1H-MR spectroscopy on transgenic AD-mice, evaluated with
multivariate data analysis
E. Westman1, A. Andersson1, I. Bednar2, L. O. Wahlund2, 
C. Spenger1, M. Lindberg1; 1AstraZeneca, R&D, Sodertalje,
SWEDEN, 2Neurotec, Karolinska institutet, Huddinge, SWEDEN.

Introduction: Alzheimer�s disease (AD) is one of the most com-
mon forms of neurodegenerative disorders. Magnetic resonance
spectroscopy (MRS) has provided useful information on the neuro-
chemical profile in different neurodegenerative diseases. Recently,
multivariate data analysis has been applied to analyze complex
MRS data. We have combined in vivo and ex vivo MRS and multi-
variate data analysis to investigate neurochemical biomarkers in
the brain of transgenic animal representing models for AD.
Methods: Transgenic AD mice and non-transgenic control mice
were studied by in vivo 1H-MRS. The experiments were conducted
using the PRESS sequence on a cubic, 8mm3 voxel centered in the
dorsal hippocampus. After in vivo MRS, the hippocampus was dis-
sected out and ex vivo high-resolution magic angle spinning (HR
MAS) on tissue from the same region was performed. 16 (9 AD and
7 controls) in vivo spectra and 15 (7 AD and 8 controls) ex vivo
spectra were analyzed using partial least square - discriminant
analysis (PLS-DA). Moreover, a principal component analysis
(PCA) model based on the in vivo experiments from the control an-
imals was performed and the spectra of the AD mice were predict-
ed on to this model.
Results: Using PCA, only a moderate separation between AD and
control animals was seen. However, using a PLS-DA model, a clear
separation of the AD animals from the control animals could be
achieved. Therefore, a PCA model was created from five of seven
control animals. The AD mice and the two remaining controls were
used to test the model. We found that all tested animals could be
predicted with an over 95 % accuracy to the correct group using
this model. Ex vivo data showed that the contribution to the differ-
ences between control animals and transgenic animals arose from
peaks assigned to glutamate/glutamine, a composite peak with con-
tributions from choline, phosphocholine, myo-inositol and taurine
and third peak from large macromolecules.
Conclusion: Multivariate analysis is a useful tool for analyzing
spectra obtained in vivo and ex vivo. Both the in vivo and ex vivo
analysis showed a clear separation between AD mice and controls.
On this data set a larger separation was found using PLS-DA then
when using PCA analysis.
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31P MR Spectra can distinguish Hepatitis C from other liver
cirrhosis etiologies
M. Dezortova1, P. Taimr2, M. Hajek1; 1MR-Unit, Dept. Diagnostic
and Interventional Radiology, Institute for Clinical and
Experimental Medicine, Prague 4, CZECH REPUBLIC, 2Dept.
Hepatogastroenterology, Institute for Clinical and Experimental
Medicine, Prague 4, CZECH REPUBLIC.

Introduction: Liver cirrhosis as the final stage of various diseases
usually needs to be verified by liver biopsy. This examination is in-
vasive and not without serious complications. As clinicians need to
find out the specific etiological diagnosis, all possible additional in-
formation is valuable. Imaging examinations improving the diag-
nostic process are very helpful and sought after. The aim of the
study was to assess the functional status and etiology of liver cir-
rhosis by quantitative 31P MR spectroscopy to distinguish patients
with liver cirrhosis based on hepatitis C virus from cirrhotic pa-
tients of other etiology.
Subjects and Methods: 16 patients (51.3±9.5 years) with con-
firmed hepatitis C liver cirrhosis (HCV) of different severity de-
scribed by Child-Pugh score (CPS) were examined after overnight
fasting. Results were compared to 49 patients (49.4±11.4 years)
with liver cirrhosis of other etiology (alcoholic or cholestatic) and
11 healthy controls (40.0±10.9 years).
MR examination was performed on a whole-body MR system
Siemens Vision 1.5T. Subjects were examined in a prone position
lying on a dual 31P/1H surface coil. Basic MR images were ob-
tained for the liver localization and 2D CSI technique
(TR/TE=323/2.3 ms, matrix 16x16, FOV 480, 12 acquisitions,
slice thickness 4 cm) was applied in transversal plane. Volume of
interest of 36 ml was selected in the area where no large intrahepat-
ic vessels were visible. Absolute concentrations of phosphomo-
noesters (PME), phosphodiesters (PDE), inorganic phosphate (Pi)
and ATP were calculated.
Statistics was performed by standard F- and t-tests.
Results: HCV showed significantly lower PDE and ATP compared
to controls with dependence on CPS (see Fig.1). PDE changes are
more prominent. HCV, unlike alcoholic cirrhosis, did not show
changes in Pi compared to controls. Contrary to cholestatic cirrho-
sis, PDE was markedly decreasing (see Table).

Table: Different etiologies and functional status in MR spectro-
scopic data

$) p<0.05, *) p<0.01, #) p<0.001 from controls;
a) and b) p<0.05; c) p<0.01; d) p<0.001 between groups

N PME[mM] Pi[mM] PDE[mM] ATP[mM]

Controls 11 3.15 (1.46) 1.67 (0.49) 11.02 (2.50) 3.92 (0.73)

HCV 16 4.10 (1.48) 1.58 (0.79)b 6.57 (2.94)#,c 2.78 (0.84)#

Alcohol 33 3.48 (1.53) 1.19 (0.39)*,b 6.52 (2.29)#,d 2.86 (0.80)#

Cholestatic 16 3.59 (1.31) 1.43 (0.63) 9.36 (2.70)c,d 3.27 (0.90)$

HCV: CPS-A 6 3.73 (2.02) 1.52 (0.77) 8.68 (2.48)a 3.06 (1.17)$

HCV: CPS-B 6 4.17 (1.52) 1.54 (0.74) 5.63 (2.17)# 2.62 (0.66)*

HCV: CPS-C 4 4.43 (0.73) 1.70 (1.10) 4.81 (3.22)#,a 2.57 (0.52)*
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Conclusion: Patients with HCV liver cirrhosis were non-invasive-
ly distinguished from other etiologies by means of 31P MRS. In ad-
dition, MRS changes reflected functional liver injury. MR
spectroscopy might be helpful tool in differential diagnosis without
liver biopsy where etiology of liver cirrhosis remains unclear.
Supported by grants IGA MZ CR 7853-3 and
CEZ:L17/98:00023001, Czech Republic.
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Brain MR imaging and MR spectroscopy in patients with non-
cirrhotic portal vein thrombosis
J. Alonso1, J. Córdoba2, J. Bosch3, B. Minguez2, E. Sánchez1, 
J. García-Pagán3, A. Rovira1; 1Unitat de Ressonància Magnètica
(Institut de Diagnòstic per la Imatge), Hospital General i
Universitari Vall d'Hebron, Barcelona, SPAIN, 2Servei de
Medicina Interna - Hepatologia, Hospital General i Universitari
Vall d'Hebron, Barcelona, SPAIN, 3Unitat d'Hepatologia, Hospital
Clínic i Provincial de Barcelona, Barcelona, SPAIN.

Purpose/Introduction: Portal thrombosis is a rare disease that re-
stricts the access of the portal blood to the liver and as response col-
lateral porto-systemic veins appears. The aim of the study was to
evaluate the biochemical changes in the brain of patients with por-
tal vein thrombosis and to correlate these alterations with the am-
monia metabolism.
Subjects and Methods: Ten patients diagnosed with portal vein
thrombosis not related to liver disease and without overt hepatic
encephalopathy and a group of 10 healthy subjects of comparable
age and sex participated in the study.
MR studies were carried out in a 1.5 T system. Transverse fast-
FLAIR and T1-weighted spin-echo sequences were obtained.
Magnetization transfer imaging was performed with a two-dimen-
sional gradient-echo sequence applied without and with an addi-
tional off-resonance saturation pulse. From these two sequences the
magnetization transfer ratio (MTR) maps were calculated. MTR
values from different areas of normal appearing-white matter areas
were calculated. Proton spectra was obtained with a spin-echo
pulse sequence (1600/30/128=TR/TE/Acq) from a volume mainly
occupied by white matter defined by a cube of 2cm side located in
the parietal region. Results are expressed in terms of metabolite ra-
tios respect to the creatine signal.
The oral tolerance to glutamine test was performed after overnight
fasting. The test consists of oral administration of 20g of glutamine
and 7 capillary ammonia samples obtained during the first 5 hours.
The area under the curve describes the metabolism of ammonia.
Results: Patients showed a significant decrease in the myo-inosi-
tol/creatine (mIns/Cr) ratio (p=0.005) and a trend to high values of
the glutamic-glutamine/creatine (Glx/Cr) ratio (p=0.1). MTR from
the normal-appearing white matter was significantly lower for the
patient group (p=0.001). All patients showed an increment of the
plasma ammonia after oral glutamine ingestion. The patient group
showed a correlation between Glx/Cr and mIns/Cr ratios with the
area of the curve in the glutamine test (R=0.72, p=0.017 and R=-
0.81, p=0.004).
Conclusion: These results would suggest that patients with non-
cirrhotic portal vein thrombosis present an osmotic cellular stress
attributable to an increase in blood ammonia. These findings are
similar to those observed in patients with hepatic encephalopathy
secondary to liver cirrhosis supporting that porto-systemic shunt of
blood is related to the brain abnormalities observed in these pa-
tients.
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MR spectroscopic imaging in diagnostics of MRI-negative
extratemporal focal epilepsy
M. Dezortova1, F. Jiru1, A. Skoch1, P. Krsek2, M. Tichy3, 
J. Zamecnik4, V. Komarek2, M. Hajek1; 1MR-Unit, Dept.
Diagnostic and Interventional Radiology, Institute for Clinical
and Experimental Medicine, Prague 4, CZECH REPUBLIC,
2Dept. Paediatric Neurology, Charles University, 2nd Medical
School, Prague 5, CZECH REPUBLIC, 3Dept. Neurosurgery,
Charles University, 2nd Medical School, Prague 5, CZECH
REPUBLIC, 4Dept. Pathology and Molecular Medicine, Charles
University, 2nd Medical School, Prague 5, CZECH REPUBLIC.

Introduction: It has been demonstrated that proton magnetic reso-
nance spectroscopic imaging (1H CSI) has a significant value in
lateralization of temporal lobe epilepsy. Studies focused on the use
of quantitative 1H CSI in extratemporal and especially MRI-nega-
tive patients are however scarce. We report four "nonlesional"
cases where 1H CSI considerably helped in the localization of
epileptic focus.
Subjects and Methods: Two girls (14 and 11-year-old) and two
boys (8 and 9-year-old) with pharmacoresistant focal epilepsy were
studied on a 1.5 T Siemens Vision MR system equipped with a
standard CP head coil. 1H CSI examination was directed to the es-
timated epileptogenic zone localized by the scalp EEG and ictal
SPECT and/or FDG-PET. 1H CSI spectra were obtained in trans-
versal plane using hybride CSI sequence (TR/TE=1500/135 ms,
slice thickness 15-20 mm, 1 acq). The program CULICH [1] which
enables to calculate spectra using LCModel was used for the evalu-
ation of results.
Results: All children suffered from refractory focal epilepsy and
epilepsy surgery was therefore considered. Repeated MRI studies
with a protocol for patients with epilepsy were normal. Based on
the seizure semiology, scalp EEG and functional imaging (ictal
SPECT and/or FDG-PET), the estimated epileptogenic zone was in
individual patients localized to the left frontal, frontoparietal, pari-
etal and parietooccipital regions. In the suspected regions, 1H CSI
detected localized decrease in N-acetylaspartate (NAA) in three
children and localized increase in choline (Cho) and decreased cre-
atine (Cr) in one boy. Three of the patients were subsequently indi-
cated to the subdural electrodes mapping and focal cortical
resections. Invasive electrodes mapping localized seizure onset
zone to the regions with 1H CSI abnormality in all three patients. In
two cases, histopathological analysis of the resected brain tissue re-
vealed MRI-undetected severe cortical dysplasia of the Taylor type.
In one case (without NAA decrease in MR spectra) non-Taylor type
of cortical dysplasia was found.
Conclusions: 1H CSI can be more sensitive for some discrete mal-
formations of cortical development than conventional MRI. The
study proved importance of 1H CSI for the localization of the
epileptogenic zone in "nonlesional" focal epilepsy cases. The re-
sults were confirmed by histopathological findings.
References:
[1] Jiru F., Burian M., Skoch A., Hajek M.: LCModel for
Spectroscopic Imaging. 19th Annual Sci Meeting ESMRMB,
Magma 15 (Suppl 1) p176-7:368, 2002.
Supported by grants IGA MZ CR 7411-3, GACR 309/02/D076 and
CEZ:L17/98:00023001.
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1H-MRS study of obstructive sleep apnea syndrome: prelimi-
nary results
G. Gobbi1, O. Presciutti1, R. Tarducci1, A. Alberti2, E. Gallinella2,
P. Sarchielli2; 1Dept. of Medical Physics, Azienda Ospedaliera di
Perugia, Perugia, ITALY, 2Dept. of Neurology, University of
Perugia, Perugia, ITALY.

Introduction: Obstructive sleep apnea syndrome (OSAS) is cur-
rently a clinically defined syndrome characterized by nocturnal res-
piratory arrest, repeated nocturnal awakening, non-recuperative
sleep, diurnal fatigue, and altered concentration. The polysomno-
graphic criterion is a more than 5 apnea-hypopnea episodes plus
micro-awakenings related to respiratory efforts per hour of sleep.
The pathophysiological basis of obstructive sleep apnea syndrome
is a loss of tone of the oropharyngeal muscles during sleep, leading
to partial and/or total collapse of the oropharyngeal muscle tube.
Repeated occurrences of hypoxic, hypercapnic, and transient blood
pressure elevation episodes in obstructive sleep apnea may damage
or alter neural structures and induce changes in brain morphology
and cerebral metabolic impairement.
Subjects and Methods: 20 patients affected by OSAS underwent
standard overnight polysomnography and 1H magnetic resonance
spectroscopy separately. Proton MR spectra were acquired using
1.5 T MR-Imaging system (Signa LX-GE Medical Systems) with
the standard head coil. PRESS sequence was used for spectra ac-
quisition with TR/TE = 1.5s/40ms. Volumes of interest (VOIs) for
spectra acquisition were placed in frontal and temporal regions bi-
laterally. Severity of OSAS was assessed by the apnea-hypopnea
index (AHI) and the minimum value of peripheral oxyhoemoglobin
saturation. All patients were evaluated for the presence or absence
of comobidities including hypertension, cardiac diseases, diabetes
mellitus, and hyperlipidaemia.
1H MRS was also applied to 10 healthy age-matched control sub-
jects with no systemic or neurologic diseases.
The analysis of variance (ANOVA) and Fisher�s least significant
difference (LSD) were used to compare the values of cerebral
metabolites in the control group with those of the patient group
Results: Significant lower values of NAA/Cr ratio were disclosed
in frontal regions (p<0.004) of OSAS patients compared to control
subjects, and a significant increase in Ins/Cr ratio was evident in
patient temporal and frontal regions (p<0.00002 and p<0.04). In
the temporal regions of OSAS patients Cho/Cr ratio values were
also significantly greater compared to control subjects
(p<0.00001).
Discussion: The reduction in NAA/Cr ratio in frontal regions in
OSAS patients could be related to the neural loss which occurs
early in the syndrome. The increase in the Cho/Cr ratio in temporal
regions and of that of Ins/Cr both in the frontal and temporal re-
gions could be interpreted as evidence menbrane breakdown and
reactive gliosis respectively consequent to repeated episodes of hy-
poxia in OSAS even in the absence of detectable abnormalities at
conventional MRI.
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Spectroscopic imaging of Glutamine and Glutamate using
LCModel and error images
F. Jiru1,2, A. Skoch1, U. Klose2, W. Grodd2, M. Hajek1; 1ZRIR, MR
Unit, Institute for clinical and experimental medicine (IKEM),
Prague, CZECH REPUBLIC, 2Section Exp. MR of the CNS, Dept. of
Neuroradiology , University of Tuebingen, Tuebingen, GERMANY.

Purpose/Introduction: Short echo time spectroscopic imaging is
of high interest especially for detecting metabolites such as
Glutamate and Glutamine. However due to coupling effects and
low spectral resolution the quantification of these metabolites is
difficult. We have developed a CSI data-LCModel interface
CULICH enabling complete CSI data processing previously [1]. To
assess the reliability of spectroscopic images, error images reflect-
ing accuracy of measured concentrations can be computed.
Displaying of both concentrations of metabolites and their corre-
sponding errors in one image is advantageous. In this contribution
high resolution Glutamine+Glutamate (GLX) image is presented
and the use of error images is discussed.
Subjects/Methods: CSI data were acquired on 1.5T Siemens
Avanto scanner by PRESS-2D CSI sequence (TE/TR=30/1500ms)
FOV=160x160x10mm, matrix size 32x32, 4 averages/Hamming
acquisition weighting, acquisition time 15min, using 12 channel
head coil and processed by CULICH.
For error images Cramer-Rao bounds (CRBs) provided by
LCModel along with computed concentrations were used. To visu-
alize CRBs directly on the concentration image two methods were
used 1) Only those areas on concentration image were displayed
with corresponding CRBs below selected threshold 2) CRBs were
mapped as transparency of the concentration image leaving voxels
with low CRBs opaque and making them more transparent with in-
creasing CRBs.
Results: Example of half-transparent GLX image overlaid on the
scout MR image is shown in Fig.1a. On the picture very good dis-
crimination of the GLX concentrations between gray and white
matter can be seen, suggesting both sufficient spectra quality and
proper localization. Corresponding GLX error image reflecting
CRBs values is shown in Fig.1b. CRBs do not exceed 23% (red
areas) with most of the values below 12% confirming excellent fit
quality. In Fig.2a opaque GLX concentration image is depicted
where only areas with CRBs below 12% are shown. In Fig.2b com-
plete concentration image is drawn but CRBs are visualized using
transparency as described above.
Discussion/Conclusion: Presented results suggest that LCModel
can be used for spectroscopic imaging of Glutamate/Glutamine
even at 1.5T. With the first approach to error images the selection
of error threshold is crucial and can limit information content of
concentration image. When visualizing errors as the transparency
of concentration images, mapping function is important. In our ex-
perience logarithmic function is optimal.
Even if concept of error images is very useful for reliable diagnos-
tic, visual inspection of spectra in suspicious areas is unavoidable.
Grants: NF/7411-3; CEZ:L17/90:00023001
References:
[1] Jiru F.,Skoch A.,Burian M.,Hajek M.,Bjelke B.:LCModel for
Spectroscopic Imaging.ESMRMB 2002;MAGMA 15(1):368.
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Lipid based probes for contrast-enhanced MR imaging of
molecular targets
W. J. M. Mulder1, G. J. Strijkers1, A. W. Griffioen2, G. Molema3, 
P. Bomans4, P. Frederik4, G. Storm5, G. A. Koning6, K. Nicolay1;
1Department of Biomedical Engineering, Biomedical NMR,
Eindhoven, NETHERLANDS, 2Department of Pathology/Internal
Medicine, 2Angiogenesis Laboratory, Maastricht, NETHER-
LANDS, 3Medical Biology Section, Department of Pathology and
Laboratory Medicine, Groningen, NETHERLANDS, 4Department
of Pathology, EM Unit, Maastricht, NETHERLANDS,
5Department of Pharmaceutics, Biopharmacy, Utrecht, NETHER-
LANDS, 6Department of Radiochemistry, Interfaculty Reactor
Institute, Delft, NETHERLANDS.

Introduction: Magnetic resonance imaging (MRI) is one of the
leading non-invasive imaging modalities1. MRI, however, suffers
from limited resolution and specificity and has a relatively low sen-
sitivity. To overcome sensitivity problems we have designed (and
characterized) two lipid based MR contrast agents that carry large
amounts of Gd-DTPA and a fluorescent marker, viz. PEG-lipo-
somes and PEG-based micelles. To introduce specificity for a bio-
logical marker, we demonstrate a general method to conjugate
targeting ligands like antibodies and peptides to liposomes. We
tested liposomes with an antibody against E-selectin on HUVEC
(human endothelial cells) over-expressing E-selectin and lipo-
somes with peptides against αvβ3-integrin on HUVEC and demon-
strate the specific association of the liposomes with both MR
Imaging and fluorescence microscopy.
Materials and Methods: Liposomes were prepared from Gd-
DTPA-bis(stearylamide), DSPC, Cholesterol, PEG-DSPE, Mal-
PEG-DSPE. Micelles were prepared from Gd-DTPA-bis
(stearylamide) and PEG-DSPE. Both systems were characterized
with dynamic light scattering and electron microscopy and the

molar relaxivity (r1) was determined by the inversion recovery
method. The liposomes were conjugated with anti-E-selectin anti-
bodies or anti-αvβ3 peptides as previously descibed2,3. The former
were tested on HUVEC that were stimulated with TNFα to upregu-
late the expression of E-selectin, while the latter were tested on
HUVEC. Several control incubations were also done. Fluorescence
microscopy of HUVEC was performed and MRI experiments were
done on small vials with pellets of ≈106 HUVEC.
Results: The mean size of the liposomes was 100 nm and the mean
size of the micelles was 15 nm as determined with dynamic light
scattering. Electron microscopy images of both systems are depict-
ed in figure 1.
The molar relaxivity (r1) at 1.5 T of the liposomes was 5.5 mM

-1s-1

and of the micelles was 12 mM
-1s-1

at room temperature. HUVEC
that were incubated with liposomes carrying a targeting ligand
showed a pronounced association with the HUVEC compared to
controls as was revealed by fluorescence microscopy (data not
shown) and MRI (figure 2).
Conclusions: We designed stable particles with a high pay-load of
Gd-DTPA. The specificity introduced by coupling a targeting lig-
and resulted in a decrease of T1 of HUVEC. These in vitro results
imply that these novel MR contrast agent may potentially serve as a
useful diagnostic tool to investigate disease processes in vivo and to
follow therapeutic efficacy.
References:
1. Aime et al., Biopolymers, 2002, 66, 419-428.
2. Janssen et al., Int.J.Pharm., 2003, 254, 55-58.
3. Mulder et al., Bioconjugate Chem., 2004, in press.
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Molecular imaging for atherosclerotic plaque by MRI: Testing
bench for vascular segments
A. Sulaiman1, H. Alsaid1, L. Chaabane2, C. Mansard1, A. Briguet2,
P. Douek1, E. Canet Soulas1; 1Creatis umr cnrs 5515 & u630 in-
serm, Cardio vascular Hospital, Bron, FRANCE, 2UCB CPE,
Laboratoire de RMN CNRS UMR 5012, Villeurbanne, FRANCE.

Introduction: Development for imaging of specific markers of
vessel wall inflammation and atherosclerosis will allow to detect
future culprit plaque, namely vulnerable plaque and to follow non
invasively the evolution of the disease and therapeutic effects. We
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previously shown that it was possible to evaluate atherosclerotic
plaque in mice models (ApoE-/-) by high resolution MRI at 2 Tesla.
We proposed an ex-vivo imaging setting for perfused arteries to
evaluate new MR markers of vessel wall inflammation in both
mouse (aorta) and human vessel wall (coronary segments).
Material and Method: Coronary segments (healthy and patholog-
ical) were obtained from explanted hearts (transplanted patients)
and preserved in freezing medium at -80°C prior to MRI. ApoE-/-

and C57BL/6 mice were first studied in-vivo, then the aorta was
excised and prepared for ex-vivo imaging. Either vascular segment
(human, mouse) was canulated and positioned on the perfusion sys-
tem (oxygenated Krebs, 37°C) for MR microimaging experiment
(2 Tesla horizontal magnet, Oxford). Ex-vivo imaging of vascular
segments were obtained using a specific small Alderman and Grant
Coil designed for this application with an optimised signal to noise
ratio. High resolution MRI images were acquired prior and post in-
fusion of the MR marker (SE T1: TR/T E = 450/18 ms, and fast SE:
TR/T E = 2500/25-50 ms, 0.8 mm slice thickness and pixel size of
62 µm). Data postprocessing was done with the NLSnake software
dedicated to vessel wall analysis.
Results: To test the validity of our method, we evaluated sectorial
wall signal-to-noise ratio in coronaries and mouse aorta using our
molecular imaging gadolinium platform (MW=52kDa, r1=9.4
mM-1.s-1 at 60 MHz, [c] Krebs=0.15 mM). Various sectorial time-
curves of wall enhancement were obtained in both coronaries
(Figure) and mouse aorta depending on the severity of lesions.
There was no signal change on T2 and proton density.

Figure: T1 pre (A) and post contrast infusion (B), Proton density
(C) and
T2 (D) of a perfused coronary artery with a complex plaque. Non
specific contrast enhancement occurs for sectors outside this com-
plex plaque (E, F).
Conclusion: Our method allows a complete multi-contrast analysis
of the vessel wall in both mouse aorta and human coronaries. In the
next step, the bench will be used to evaluate news specifics markers.

222
Magnetic resonance molecular imaging: detecting apoptosis in
the isolated rat heart using Gd-labeled annexin-V
K. H. Hiller1, C. Waller2, S. Köhler1, T. Peymann3, 
M. Nahrendorf2, B. Schulze3, W. R. Bauer2, P. M. Jakob1;
1Experimentelle Physik 5, Universität Würzburg, Wuerzburg,
GERMANY, 2Medizinische Universitätsklinik, Universität
Würzburg, Wuerzburg, GERMANY, 3Mbt, Munich Biotech AG,
Neuried, GERMANY.

Introduction: Apoptosis, an active process of self-destruction of
cells is associated with some disorders including myocardial is-

chemia. An early event in apoptosis is the redistribution of phos-
phatidylserine (PS) from the inner to the outer leaflet of the cell
membrane.
Annexin-V (A5) a protein with high specifity and tight binding to
PS was used to identify and localize apoptosis. Because of the rela-
tively low spatial resolution of nuclear imaging techniques we de-
veloped a rapid contrast enhanced magnetic resonance imaging
(MRI) method. In contrast to superparamagnetic-iron-oxide parti-
cles (SPIO) linked to A5 a new, T1 relaxing �contrast agent�, Gd-
DTPA-labeled-A5 was used.
Methods: Biotinylated A5 was covalently linked via avidin with
biotinylated Gd-DTPA coated liposomes (MBT, Neuried, gadolini-
um content=1.4mM, diameter of liposomes ~40nm).
T1 maps were obtained in a 11.7T magnet (AMX 500, Bruker)
using an inversion recovery snapshot FLASH sequence (TE=1ms,
TR=3.6ms, in plane resolution 140µm, slice thickness 1.5mm). For
T2

* imaging a 2D gradient-recalled multiecho pulse sequence was
used (in plane resolution=78 µm, slice thickness=250µm, mini-
mum TE=2.05ms).
Left coronary artery of cardioplegic perfused isolated rat hearts
was ligated for 30 minutes followed by 90 minutes of reperfusion.
T1 and T2

* images were acquired before and after application of
25µg Gd-DTPA-A5 (group 1, n=3). Group 2 (n=3) underwent the
same protocol by use of biotinylated A5 without MRI. Hearts were
fixated and immunohistochemically stained by avidin diaminoben-
zidine (DAB) to visualise apoptotic cells. A third group underwent
the described protocol using TdT mediated X-dUTP nick end label-
ing (TUNEL) to localize apoptosis in a later stage by DNA frag-
mentation.
Results: The T1 maps clearly showed localization and extent of the
infarcted myocardium labeled by the Gd-DTPA-A5 complex (see
fig.). Within the infarcted region a significant decrease in T1 of
~18% was observed (arrows). The T2

* map also showed a T2
* de-

crease (~25%) in this area.
Immunohistochemical staining with A5-DAB marked apoptotic
cells in the ischemic myocardium in similar extent. In contrast only
a small amount of cells could be visualized using the TUNEL tech-
nique.
Conclusion:The present study demonstrates rapidly targeting
apoptosis in the acute infarcted myocardium followed by reperfu-
sion using Gd-DTPA-A5. A significant increase in image contrast
was demonstrated in those regions containing cardiomyocytes in
the early phase of apoptosis. The specificity was validated by stan-
dard immunostaining. This new MR-marker might be contribute in
diagnosis of diseases like acute myocardial infarction, heart failure,
atherosclerosis or cancer, prognosis and the evaluation of accordent
therapies and treatment.
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AnnexinV-functionalized USPIO as a contrast agent for apop-
totic jurkat cells
G. A. F. van Tilborg1, G. J. Strijkers1, C. P. M. Reutelingsperger2,
K. Nicolay1; 1Biomedical NMR, Biomedical Engineering,
Eindhoven University of Technology, Eindhoven, NETHER-
LANDS, 2Biochemistry of the Cardiovascular Research Institute of
Maastricht, Maastricht University, Maastricht, NETHERLANDS.

Introduction: Apoptosis plays an important role in the etiology
and pathology of a variety of cardiovascular diseases, including
myocardial infarction, heart failure and atherosclerosis [1]. Early
detection of apoptosis in-vivo would allow for disease treatment at
an early stage. High-resolution MRI combined with the use of tar-
geted contrast agents may provide possibilities to detect and study
apoptosis in-vivo.
This study describes the use of annexinV-functionalized USPIOs as
targeted MR contrast agents for detecting apoptosis in jurkat cells
in-vitro. AnnexinV is a protein that binds specifically to
phospatidylserine (PS). In viable cells the phospholipid PS is found
only on the inner layer of the cell membrane. During apoptosis PS
is exposed to the outer layer of the cell membrane [2], and hence
becomes accessible for binding to extra-cellular annexinV.
Methods: Jurkat cells were cultured in RPMI 1640 medium
(Gibco). Cells were treated with CD95 Fas human antibody
(Beckman Coulter B.V.) for 2.5 hours to induce apoptosis, which
was verified by flow cytometry (FACS Vantage BD). Both apoptot-
ic and viable cells were incubated for 30 minutes with annexinV-
functionalized and non-functionalized USPIOs (Miltenyi Biotec)
respectively at a dose of 0.5 µg Fe/ml binding buffer (2.5 mM
CaCl2). Following incubation ≈ 5·106 cells were fixated in 2.5%
gluteraldehyde and sedimented for each sample. T2 values of the
pellets were acquired at 6.3T (Figure1). Subsequently T2 values
were obtained for cell pellets containing ≈ 5·106 apoptotic or viable
cells respectively that were incubated for 30 minutes with
annexinV-functionalized USPIO�s at a dose of 0, 0.5, 1.0, 1.5 and
2.0 µg Fe/ml (Figure2).
Results and Discussion: Results in figure1 show a significant de-
crease in T2 relaxation time for apoptotic cells that were incubated
with annexinV-functionalized USPIOs. Control samples showed no
significant decrease in T2 relaxation times, indicating the specific
binding of functionalized USPIOs to apoptotic cells. Increasing the
iron concentration led to a plateau in the T2 decrease (Figure2).
Measurement of the iron concentration within the cell pellets
should reveal whether this plateau results from a limited number of
binding sites for annexinV-functionalized USPIOs. Figure2 shows
that increasing the iron concentration also led to an increase in non-
specific association of functionalized USPIOs by non-apoptotic
cells, which may be reduced using shorter incubation times.
Conclusion: AnnexinV-functionalized USPIOs at a dose of 0.5
µgFe/ml were shown to serve as a specific MR contrast agent for
apoptotic jurkat cells.
References:
[1] HaunstetterA.et al,CircRes.,15;82(11):1111-29 (1998).
[2] FadokV.A.et al.,Nature,4;405(6782):85-90 (2000).
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Cell-labelling with PARACEST agents
E. Terreno, S. Belfiore, C. Carrera, D. Delli Castelli, S. Geninatti
Crich, S. Aime; Department of Chemistry I.F.M., Università di
Torino, Torino, ITALY.

Introduction: MRI is ideally suitable for monitoring cell traffick-
ing in vivo because of the superb anatomical resolution attainable
in its three-dimensional images of whole organisms over time. To
this purpose, cell-labelling is currently performed by using Iron
Oxide nanoparticles or Gd(III)-based imaging probes. The main
drawback with both these systems is that one cannot visualise more
than one ensemble of labelled cells in each tracking cells experi-
ment. The use of PARACEST agents can overcome this limitation
because these probes provide a MR response only if a specific fre-
quency, an intrinsic property of the probe, is irradiated. We tested
this approach by labelling HTC cells with two lanthanide complex-
es differing in the complexed metal ion (Chart 1).
Methods: CEST difference MR-images were acquired at 7 T
(Bruker Avance300 equipped with Micro2.5 microimaging probe).
Each image is the result of the subtraction of two images (�on�-
�off�) differing in the saturation frequency offset. In the �on�-
image the irradiation is performed on-resonance on metal bound
water protons: +50 ppm for Eu(III)-complex and -600 ppm for
Tb(III)- complex, whereas in the �off�-image the irradiation fre-
quency is set at -50 ppm and +600 ppm, respectively. The offsets
refer to the signal of bulk water protons.
Phantoms containing the two PARACEST probes in aqueous solu-
tions or internalised into HTC cells have been prepared and imaged.
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Results: Figure 1 reports a set of CEST difference images for a
phantom containing four aqueous solutions (A = buffer, B =
Tb(III)-complex 2 mM, C = Eu(III)-complex 2 mM, and D = mix-
ture of Tb(III)- and Eu(III)-complexes 1 mM). The CEST effect is
displayed in red or in green according to the frequency of the irra-
diating field. Clearly selective saturation transfer effects can be vi-
sualised, i.e. red for Tb(III)- and green for Eu(III)-probe,
respectively. Analogous results were obtained with a phantom con-
sisting of cell pellets labelled with the same complexes.
Discussion/Conclusion: The results of this study in vitro estab-
lished a novel and powerful tool for the detection of different en-
sembles of labelled cells and provide a rationale for developing
analogous procedures for in vivo detection. On this basis, a number
of applications may be envisaged in the field of cell tracking; for
instance, this approach may provide useful insights for the evalua-
tion of novel cell-based therapies in vivo as one may follow the
housing of serial administration of differently labelled cells.
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MicroBeads® as a specific cellular contrast agent for human
hematopoietic progenitor cells
V. Herynek1, P. Kobylka2, P. Jendelová3,4,5, K. Glogarová3,4, 
M. Hájek1, E. Syková3,6,5; 1MR-Unit, Department of Diagnostic and
Interventional Radiology, Institute for Clinical and Experimental
Medicine, Prague, CZECH REPUBLIC, 2Department of Bone
Marrow Cryoconservation, Institute of Hematology and Blood
Transfusion, Prague, CZECH REPUBLIC, 3Department of Tissue
Culture and Stem Cells, Center for Cell Therapy and Tissue
Repair, Prague, CZECH REPUBLIC, 4Department of Tissue
Culture and Stem Cells, Institute of Experimental Medicine ASCR,
Prague, CZECH REPUBLIC, 5Department of Neuroscience, 2nd
Faculty of Medicine, Charles University, Prague, CZECH RE-
PUBLIC, 6Department of Neuroscience, Institute of Experimental
Medicine, ASCR, Prague, CZECH REPUBLIC.

Introduction: MRI visualization of cells requires specific contrast
agents, which either enter the cell by endocytosis or are bound on
the cell membrane. For specific cell labeling, commercially avail-
able cell isolation kits for magnetic separation can be used. For
sorting a magnetic label, a polysaccharide coated superparamag-
netic iron oxide core linked to an antibody, is bound to the respec-

tive target cell. The size of the label is comparable to commonly
used superparamagnetic MR contrast agents, thus it can provide
sufficient contrast for MR imaging.
Methods: Human CD34+ progenitor cells (separated from periph-
eral blood of a donor after hormonal stimulation) were magnetical-
ly labeled by MicroBeads (CliniMACS®, Miltenyi Biotec,
Germany) and magnetically sorted.
In vitro experiment: Labeled cells at different concentrations were
suspended in 1.7% gelatin and scanned using a 4.7T Bruker spec-
trometer. Standard T2W turbospin echo and T2*W gradient echo
sequences were used. The iron amount in the samples was deter-
mined after mineralization by spectrophotometry.
In vivo transplantation experiment: 7.5 million cells in 5µL PBS
were injected into the left brain hemisphere of four Wistar rats.
MRI was performed 1, 3, 7, 14, 21 and 28 days after transplantation
using the same T2W and T2*W sequences. Two sham operated an-
imals were scanned as controls.
Rats were sacrificed 4 weeks following transplantation, and the
brains were histologically analyzed.
Results: The average iron content per cell (0.275pg) is lower than
in the case of cells labeled using contrast agents entering the cell
(1).
In vitro cell detection: A visible hypointense signal on MRI was ob-
tained with a cell concentration of 6050 cells/µL and higher, i.e.,
450 cells/pixel provides sufficient MR contrast.
In vivo detection: The cells were detected as hypointense spots on
T2W and T2*W images (Fig. A, B) one day after grafting. The hy-
pointense spot remained unchanged during the experiment.
Iron/cells were detected histologically by a Prussian Blue staining
(Fig. C) and mouse anti-human nuclei monoclonal antibody
(HuNu, Chemicon).
Discussion/Conclusion: We demonstrated that superparamagnetic
particles used for specific magnetic sorting can be used as a label
for in vivo cell visualization using MRI. A greater number of la-
beled cells is necessary for MRI detection than in case of other
magnetic labels entering the cell. The fact, that MicroBeads in
combination with different antibodies can bind to specific cell
types, opens wide possibilities for cell tracking in vivo.
References:
[1] Jendelová P, et al. MRM 2003;50(4):767-76
Supported by: LN00A065, J13/98:11130004, AVOZ5039906-I024,
GACR304/03/1189
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MRI-visualization of DNA internalized by �in vivo�
electroporation
S. Geninatti Crich1, S. Lanzardo2, A. Barge1, G. Esposito1, L. Tei1,
G. Forni3, S. Aime1; 1Chemistry I.F.M., Università di Torino,
Torino, ITALY, 2Clinical and Biological Sciences,, Università di
Torino, Torino, ITALY, 3Department of Clinical and Biological
Sciences,, Università di Torino, Torino, ITALY.

Introduction: �In vivo� electroporation is a newly emerging area
aimed at pursuing an enhanced delivery and an efficient gene ther-
apy treatments. Electroporation occurs when an applied external
field exceeds the capacity of the cell membrane. Upon application
of a suitable pulse (i.e. 375 V cm-1) between two electrodes placed
in the region of interest, transient hydrophilic pores are formed.
Their formation occurs in the frame of less than a second whereas
their resealing takes minutes. Small molecules continue to diffuse
inside the cell for minutes whereas large molecules (i.e. DNA) can
enter the cell only if they were already present in the extracellular
matrix at the time of application of the electroporating pulse. We
have set-up a MRI procedure for the visualization of DNA uptake
upon �in vivo� electroporation on a mouse model.
Subjects and Methods: Gd-DOTA-spd has been synthetized from
DO3A and suitably functionalized spermidine containing residue.
DNA plasmid (6.4 Kb) was expressed in Escherichia coli strain
DH5a . This plasmid codes for the extracellular and transmembrane
domain of mutated rat-p185 neu. The binding of Gd-DOTA-spd to
DNA was assessed by proton relaxation enhancement method.
Images were obtained on a 7T Bruker Avance Spectrometer
equipped with a microimaging probe. Images were acquired using
a SE protocol. Experiments were carried out on BALB/c mice.
Results: DNA plasmid (6.4 Kb) is visualized through a positively
charged Gd(III)-complex bearing on its surface a spermidine
residue (figure 1) that binds to the negatively charged polymeric
chain (Ka=2x103 M-1). The binding yields a 50% increase in the
relaxivity of the Gd(III) complex likely as a consequence of the
lenghtening of its molecular reorientation time.
In a typical experiment, we have injected into the quadriceps mus-
cle on the two posterior legs of a BALB/c mouse 20 ul of a solution
containing 3 x 10-4 mmoles of the Gd(III) complex. The solution
injected on right leg contained also 0,0645 mg of DNA. Then both
regions of injection were undergone to electroporating pulses. T1-
SE images (taken after three days) clearly show hyperintensity in
the region of cellular DNA entrapment.
Conclusions: The MRI localization and size evaluation of the tis-
sue region involved in the DNA transfer by electroporation is pos-
sible using a Gd-complex strongly interacting with the DNA chain.
Interestingly the extension of this region results markedly different
when the contrast agent is injected alone or bound to the DNA as a
consequence of their different internalization pathways.
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Calcium interactions with manganese releasing contrast media
for cardiac MRI
H. Brurok1, W. Nordhøy1, M. Bruvold1, H. Anthonsen2, J. Krane2,
P. Jynge1; 1Department of Circulation and Medical Imaging,
Norwegian University of Science and Technology, Trondheim,
NORWAY, 2Department of Chemistry, Norwegian University of
Science and Technology, Trondheim, NORWAY.

Introduction and Purpose: In cardiac cells manganese (Mn2+)
competes with calcium (Ca2+) for entry from extracellular (ec) com-
partment to cytosol (intracellular (ic) water space) and from cytosol
to mitochondria (1-3). Strong binding properties provide falling
ionic activities towards mitochondria which act as a Mn2+ sink
(Figure 1). Accordingly, there is a need to highlight the influence of
Mn2+-Ca2+ interactions with Mn2+ releasing contrast media.

Figure 1. Kinetics of Mn2+ releasing contrast media.
Subjects and Methods: Isolated perfused hearts from rats and
guinea pigs were subjected to single (rat) or repeated (guinea pig)
brief washin period(s) with Mn2+ releasing media followed by
washout. Left ventricular developed pressue (LVDP) was recorded,
and ventricular myocardium was excised for measurements of Mn
metal content and T1.
Results: During washin with MnCl2 LVDP was well maintained
for [Mn2+] below 25-30 µM in rat hearts, but these hearts were able
to quadruple their Mn metal content. In guinea pig hearts MnCl2
reduced LVDP, but when supplemented (4) with Ca (Mn:Ca 1:10)
there was a LVDP overshoot and tissue Mn2+ accumulation was im-
paired. During wash-in with Mn-dipyridoxyl-diphosphate
(MnDPDP) in rat hearts LVDP became depressed at much higher
concentrations, and these hearts accumulated less Mn2+ than the
other two groups. There was a close correlation between myocar-
dial Mn metal content and ic R1.
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Discussion/Conclusion: Mn2+ releasing contrast media are promis-
ing for molecular MRI, but interactions with Ca2+ influence both
safety and efficacy. Pure MnCl2 is most effective and apparently
safe for closely controlled infusion, but may induce side-effects at
rapid injections. Supplementation with high Ca2+ both induces a
strong positive inotropic response and reduces myocardial Mn2+ up-
take. For both safety and efficacy it appears that prolonged infusion
of a slowly Mn2+ releasing compound like MnDPDP may be more
appropriate.
References:
[1] Hunter DR et al J Mol Cell Cardiol 1981; 13: 823-832.
[2] Brurok H et al. Acta Physiol Scand 1997; 159: 33-40.
[3] Nordhøy W et al. NMR Biomed 2003; 16: 82-95.
[4] Storey P et al Invest Radiol 2003; 38: 642-652.
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Changes in cerebral BOLD signal intensity in the cerebellum,
the cingular cortex and the secondary somato-sensory cortes
during repetitive painful stimulations
M. Schocke1, C. Kolbitsch2, C. Kremser1, R. Esterhammer1, 
H. Schubert3, I. Lorenz2; 1Innsbruck Medical University, Clinical
Division of Diagnostic Radiology I, Innsbruck, AUSTRIA,
2Innsbruck Medical University, Department of Anaesthesia and
Intensive Care Medicine, Innsbruck, AUSTRIA, 3Innsbruck
Medical University, Department of Trauma Surgery, Innsbruck,
AUSTRIA.

Purpose/Introduction: Numerous previous studies have investi-
gated the response of brain to different painful noxes using positron
emission tomography (PET) or functional magnetic resonance im-
aging (fMRI). Most of the previous fMRI studies used thermal
stimuli applying noxious (hot or cold) and non-noxious (warm or
cool) intensities. Other pain paradigm like mechanical, electrical or
visceral are less used. The purpose of this study was to investigate
the changes in cerebral blood oxygen dependent (BOLD) signals
during three repeated painful stimulations using a mechanical de-
vice within a period of two months.
Subjects and Methods: Using a 1.5 Tesla whole-body MR scanner
15 healthy, male, right-handed volunteers (age range 26-42 years)
were examined during painful stimulations induced by a air-pres-
sure controlled device at baseline as well as at the follow-ups after
two weeks and after two months. The MR protocol consisted of a
T1-weighted 3D MPRAGE and a single-shot echoplanar imaging
sequence (TE 64 ms, matrix 128x64 pixels, field of view 220 mm)
with 40 slices, a slice thickness of 3 mm, and an interslice gap 0.75
mm. During the fMRI sessions, 30 measurements without pain
were performed, followed by 30 measurements with pain. The
fMRI measurement was triggered on the pain stimulus commenc-
ing seven seconds prior to the measurement and lasting twelve sec-
onds. The interscan interval was ten seconds. Data were processed
using statistical parametric mapping (SPM 99, Wellcome
Department of Cognitive Neurology, London, UK). The BOLD
signals of the entire volume were thresholded at p<0.05 corrected
for multiple comparisons.
Results: During all three pain stimulations within a period of two
months, we detected consistent cerebral BOLD signals in the bilat-

eral secondary somato-sensory cortex, in the bilateral insular cor-
tex, in the cingulate cortex, in different frontal and occipital areas,
in the basalganglia and bilateral thalamus as well as cerebellum and
brain stem. Using a paired t-test model, differences over time were
mainly observed in the cingulate cortex with increases over all ex-
aminations as well as in the cerebellum with increases from the
first to the second examination.
Discussion/Conclusion: The increasing BOLD signals in the cin-
gulate gyrus might be a sign of increasing pain anticipation, where-
as the increasing BOLD signals in the cerebellum may represent
the escape reflex as reponse to the painful stimulations.

229
Low impact noise acquisition EPI: An optimized sequence for
fMRI of the auditory cortex 
C. Boller, S. Haller, K. Scheffler; MR-Physik, Department of
Medical Radiology, University of Basel, Basel, SWITZERLAND.

Introduction: EPI Sequences produce intense acoustic noise,
which is modulated with 1/TR~10Hz, a frequency range particular-
ly effective[1] at stimulating the primary auditory cortex (A1). A
modification of EPI called Low Impact Noise Acquisition (LINA-
EPI) has recently been proposed by Scheffler[2]. It reduces low-
frequency acoustic noise by breaking the readout train into small
blocks repeated at a frequency above 50Hz.
Here, we present an optimized and more flexible implementation of
LINA-EPI which uses sine-shaped gradients to reduce the acoustic
noise contributions near the scanner resonance frequencies.
Methods: Our new LINA-EPI sequence has the same continuous-
sound properties as the original design[2], but uses sine-shaped
gradient ramps for all gradients (fig.1). It additionally repeats bal-
anced z-gradient pairs to mask the slice selection gradient which
becomes audible since the sine-shaped readout gradients contribute
less to the scanner noise.
The LINA-EPI sequence was compared to conventional EPI in a
four-subject auditory fMRI experiment on a clinical 1.5T scanner.
The stimulus was a 5Hz-pulsed 1kHz sine tone in a block-design
with 20s stimulation, 20s rest, 7 cycles. Four runs were measured
per subject alternating the two sequences, with the first sequence
exchanged for every other subject. The EPI sequence used the same
echo and repetition times, the same bandwidth and identical (sinus-
gradient) image reconstruction as the LINA-EPI. fMRI data were
analyzed using BrainVoyager-QX with standard preprocessing pa-
rameters.
Results: No difference in image quality and contrast was observed
(fig.2) for the two sequences. The sound pressure level near the
head coil was 86dBA for LINA-EPI compared to 90dBA for EPI.
For the fMRI data, the four-subject conjunction analysis of LINA-
EPI and EPI yielded peak activation in A1 (fig.3, t>20 red). The
event-related BOLD-average for that volume-of-interest (time in-
terval 10-20s after stimulus onset) was 43% and 39% larger for the
LINA-EPI in the left and right A1, respectively. This corresponds
to an increase in beta values from 14.7±2.5 to 21.1±3.2 and
15.2±2.2 to 20.2±3.4 for left and right A1.
In addition, single-subject event-related averages were higher in all
four subjects for LINA-EPI compared to EPI (left-A1:
+47%,+69%,+32%,+14%, right-A1: +38%,+51%,+20%,+20%,
Wilcoxon test p<0.01).
Discussion: We have presented an optimized LINA-EPI sequence
showing a significantly improved BOLD response during auditory
fMRI.
Preliminary experiments indicate that a further reduction in noise
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level of about 5dB can be achieved by using slower gradient ramps
together with parallel imaging techniques.
References:
[1] Giraud AL [2000], J.Neruophysiol. 84:1588-98
[2] Scheffler K[2004] Proc. ISMRM Talk:521
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Modulation of auditory cortex activity during speech: 
a comparison of block and event-related design
K. Swirszcz1,2, J. Tintera2, F. Jiru2, J. Syka3; 1Faculty of
Psychology, Warsaw University, Warszawa, POLAND,
2Department of Diagnostic and Interventional Radiology, MR
Unit, Institute of Clinical and Experimental Medicine, Prague,
CZECH REPUBLIC, 3Institute of Experimental Medicine,
Academy of Sciences of Czech Republic, Prague, CZECH
REPUBLIC.

Introduction: There are two major types of experimental designs
used in experiments with fMRI: block and event-related. The one
used more often is block design, which is believed to have a superi-
or statistical power. There are some studies, however, suggesting
that the event-related design not necessarily has a lower detectabil-
ity of activations. Since there are not many studies comparing these
two designs, we decided to use both to examine the hypothesis
about motor-to-sensory feedback in auditory system.
Motor-to-sensory feedback is a mechanism hypothesized to be re-
sponsible for modulating the auditory input produced by one�s own
voice and to provide feedback information to the auditory cortex
about the exact timing and pattern of motor activity. Despite the
possible importance of its role, we still lack experimental data sup-

porting this hypothesis. In man, the above mechanism was studied
by Paus et al. with PET.
We used the modified paradigm of Paus and colleagues to examine
if activation increase in motor area due to subject�s own speech re-
sults in changes of activation in the area of auditory cortex.
Subjects and Methods: All examinations were performed on 1.5T
MR scanner in 10 right-handed male subjects, as they whispered
syllables at a given rate (60/min). Gradient-echo EPI sequence was
used. To mask the auditory input due to the subjects� whisperings, a
masking noise was administered through earphones (white noise,
72dB SPL). The data was analyzed using the Statistical Parametric
Mapping software package.
Results: As a result of both block and event-related paradigms, the
signal increase was observed, as expected, in the region of second-
ary auditory cortex in the left hemisphere and in the Broca�s area
bilaterally. In block design, activation was found additionally bilat-
erally in the motor cortex, in the parietal lobe (postcentral gyrus,
supramarginal gyrus, angular gyrus, precuneus, inferior parietal
lobule) and in the cerebellum.
Conclusion: Our result is consistent with results of previous exper-
iments and supports the hypothesis about motor-to-sensory feed-
back. There is difference between the result of the block and
event-related designs: although there were more brain areas acti-
vated as the result of block compared to event-related, both designs
revealed activations in motor and auditory cortex, what was the
main goal of our study. This result suggests that the event-related
design can provide different information than the block one, but not
necessarily worse information in terms of activation detectability.
Paus T, Perry D, Zatorre R, Worsley K, Evans A [1996]
Eur.J.Neurosci. 8:2236-2246
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Lateralization of signal change in the auditory pathway in
patients with lateralized tinnitus studied with functional
Magnetic Resonance Imaging (fMRI)
M. Smits1, S. Kovacs2, D. De Ridder3, R. Peeters2, P. van Hecke2,
S. Sunaert2; 1Radiology, Erasmus MC, Rotterdam, NETHER-
LANDS, 2Radiology, University Hospitals K.U.Leuven, Leuven,
BELGIUM, 3Neurosurgery, University Hospital Antwerp, Edegem,
BELGIUM.

Purpose: Melcher et al. (J Neurophysiol 2000;83:1058-72) de-
scribed that in patients with lateralized tinnitus fMRI signal change
was less in the contralateral inferior colliculus (IC). In their study
only 4 patients had lateralized tinnitus, all right sided, and the audi-
tory cortices (AC) were not assessed. We performed fMRI of the
entire auditory pathway, including the IC and the AC, in 43 patients
with refractory, non-pulsatile tinnitus to assess lateralization of
fMRI activation.
Subjects and Methods: 50 subjects (43 patients, 7 healthy volun-
teers) were scanned on a 3T MR scanner. A 3D T1w image cover-
ing the whole brain (matrix 256*256; TE/TR 4.6/9.7 ms; SENSE
reduction factor (rf) 3) was acquired for anatomical reference. A
T2*w EPI silent gap sequence was used during the stimulation par-
adigm (TE/TR/AT 33/5000/3000 ms; SENSE rf 2.5; 32 4.0 mm
slices; scanned matrix 80). The stimulation paradigm was a block
design of 12 epochs in which music was presented binaurally
through headphones, which was switched on and off for periods of
50 seconds. Subjects underwent 1-2 sessions each. Data were
analysed using SPM2 software and preprocessed with realignment,
coregistration, normalisation and smoothing. Single subject and
group statistical parametric maps were calculated. Group effects
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were analysed using(multiple) ANOVA with laterality, loudness
and frequency of tinnitus as covariates. Healthy volunteers served
as a control group.
Results: Tinnitus was lateralized in 32 patients (74%, 13 right and
19 left sided). Significant signal change (corrected p<0.05) in rela-
tion to stimulation was found bilaterally in the primary and second-
ary (planum temporale and polare) AC, the IC, the medial
geniculate body and in the cerebellum and premotor areas. Signal
change was symmetrical in healthy volunteers. In patients with lat-
eralized tinnitus, signal change was significantly less on the side
contralateral to the side of tinnitus.
Conclusions: Our paradigm adequately visualized the auditory
pathways in tinnitus patients. In lateralized tinnitus signal change is
less on the contralateral side, which may be explained by a higher
neural activity during rest or by a lower neural activity during stim-
ulation on the affected side.

232
Inter-subject variability of fMRI activation during a phono-
logical and semantic language task
M. L. Seghier1, F. Lazeyras1, A. J. Pegna2, J. Annoni2, I. Zimine1,
E. Mayer2, C. M. Michel2, A. Khateb2; 1Radiology, University
Hospital of Geneva, Geneva, SWITZERLAND, 2Neurology,
University Hospital of Geneva, Geneva, SWITZERLAND.

Introduction: In healthy subjects, fMRI language studies general-
ly show a variability in the activated regions probably reflecting
different cognitive strategies. Although, the assessment of such
variability may be of major importance when localizing language
areas in left hemisphere-damaged patient prior to neurosurgery,
few studies have addressed this issue (Xiong et al., 2000). In this
study, we investigated inter-individual variability during a rhyme
detection and a semantic categorization task (Shaywitz et al.,
1995).
Methods: In the rhyme, respectively semantic task, subjects (30
right-handed) gave a response if two simultaneously presented
words (at 0.5Hz) rhymed, respectively belonged to the same se-
mantic category. A perceptive discrimination task with Greek let-
ter-strings was used as control conditions. Data (17x5mm axial
slices), collected on a 1.5T MRI system, were analyzed using
cross-correlation and normalized to the Talairach space.
Results and Conclusion: Activations involved mainly left cortical
areas, including inferior and medium frontal, temporal and parietal
regions (Figure 1a). Intensity/spatial analysis comparing activation
in both tasks revealed an increased involvement of frontal regions
in the semantic task and of temporo-parietal regions in the phono-
logic task. The frequency of activation analyzed in nine regional
subdivisions revealed a high inter-subject variability but showed
that the most frequently activated regions were the inferior frontal
gyrus and the prefrontal cortex. Laterality indices, strongly lateral-
izing in both tasks, were slightly higher in the semantic (0.76±0.19)
than the phonologic task (0.66±0.27). Frontal dominance indices (a
measure of frontal versus posterior left hemisphere dominance) in-
dicated more robust frontal activation in the semantic than the
phonologic task, whereas the inferior parietal lobule was more fre-
quently activated in the ryme task (Figure 1b). Our study allowed
the characterization of the most frequently involved foci in two lan-
guage tasks and showed that the combination of these tasks consti-
tutes a suitable tool for determining language lateralization and for
mapping major language areas. (Supported by the SNF grant no�
3200B0-100717).

Figure 1. A. Activated regions in the rhyme task. B. Frequency plot
in the rhyme (solid) and semantic (dashed) task. 
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LI and the effect of thresholding
M. Ragnehed1, M. Engström2, B. Söderfäldt3; 1Dept. of Radiology,
IMV, Linköping University, Linköping, SWEDEN, 2Cmiv,
Linköping University, Linköping, SWEDEN, 3Inr, Linköping
University, Linköping, SWEDEN.

Introduction: functional MRI (fMRI) offers a non-invasive alter-
native to the Wada procedure for evaluation of language lateraliza-
tion. Research indicates that the Wada test may be replaced with
fMRI in some instances. Here the effects of thresholding and vol-
ume of interest (VOI) selection is investigated.
Subject and Methods: The functional data consisted of four tasks
(picture naming, word generation from a letter, word repetition and
synonym identintification) performed in separate runs. Data was
collected from six subjects. Each subjects data was analyzed as if it
was from a single run. After thresholding of the resulting statistical
maps the lateralization index (LI) was calculated as
LI = 100*(L-R)/(L+R) (i).
In (i) L and R is the number of activated voxels in VOIs in the left
and right hemisperes respectively. To point out the effect of using
different VOI:s two VOI:s were used: (A) the left and right hemi-
spheres and (B) known language related areas in the left hemi-
sphere and the right hemisphere counterparts.
Also, the effect of weighting each voxel with -log10(P), where P is
the p-value of an (activated) voxel, when calculating the
LI was investigated.
Results: To demonstrate the sensitivity of LI to threshold selection
three different thresholds were used, (1) T=3.74 corresponding to p
0.0001, (2) T=4.79 corresponding to p 0.05 corrected and (3)
T=5.08 corresponding to p 0.01 corrected. It is evident from Table
1 that the LI varies significantly with the choice of VOI and/or
threshold value. This means that the VOI and the threshold used
when calculating LI must be chosen with caution.
What is evident from Table 2 is that the variability of the LI is sig-
nificantly reduced when using the -log10 method.
Conclusion: Decreasing the sensitivity of LI to the threshold se-
lected would make the use of fMRI in language lateralization more
straightforward. Taking the significance of the activated voxels into
account could be a way of reducing the effect of different thresh-
olds. Instead of using the number of activated voxels we suggest
using -log10(P), where P is the p-value of an activated voxel,
summed over all voxels in the VOI. Using the logarithm of the p-
value makes the result independent of the statistical test used. In
Table 2 the effect of this operation is shown. It is evident that the
effect of using different thresholds is decreased which renders the
test more stable and thus easier to use.
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Table 1. Effect of VOI and threshold on LI.

VOI (A) (B)
T-value 3.74 4.76 5.08 3.74 4.76 5.08
Subject
1 57 64 66 69 78 81
2 64 74 77 71 85 88
3 43 45 46 39 45 47
4 32 39 41 66 80 85
5 56 65 70 64 79 85
6 74 80 81 83 92 92

Table 2. Effect of using -log10(P) on LI.
VOI (A) (B)
T-value 3.74 4.76 5.08 3.74 4.76 5.08
Subject
1 61 64 65 76 80 81
2 72 76 77 83 87 88
3 46 47 47 44 47 47
4 36 38 40 74 80 81
5 62 66 67 74 79 81
6 78 80 81 88 91 92
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What is different in a radiologist's brain? 
S. Haller, E. Radue; Dept. of Diagnostic Radiology,
Neuroradiology, Basel, SWITZERLAND.

Introduction: The neuronal correlate of expertise of experienced
radiologists was investigated using event-related fMRI.
Methods: Radiographic (RI) and control images (CI) were present-
ed to twelve experienced radiologists and twelve naive subjects.
Half of images were manipulated. Subjects had to indicate whether
a visually presented image was original or manipulated, while neu-
ronal activity was assessed using event-related fMRI.
Results: RI compared to CI evoked stronger activations exclusive-
ly in the group of radiologists, notably in bilateral Middle and
Inferior Temporal Gyrus, bilateral Medial and Middle Frontal
Gyrus and left Superior and Inferior Frontal Gyrus. Additionally,
the visual processing of CI (i.e. non-radiographic images) is signif-
icantly different in experienced radiologists compared to naive sub-
jects. Radiologists show left-dominant more posterior activation in
Superior and Inferior Parietal Lobule, and additional activation in
right Superior, Middle and Inferior Frontal Gyrus. Conversely,
naive subjects show right-dominant and more anterior activation in
Superior and Inferior Parietal Lobule and Postcentral Gyrus.
Additional activation was present in bilateral Insula, Middle
Occipital Gyrus, as well as left Lingual and Fusiform Gyrus
Conclusions: Radiologic expertise influences neuronal activation
twofold. First, there is a specific enhancement in neuronal activa-
tion associated with radiographic images specifically for experi-
enced radiologists. Second, experienced radiologists show an
alteration in neuronal activation for visual processing non-radi-
ographic stimuli, i.e. the visual processing in general, compared to
naive subjects.

235
Simultaneous application of matching and mismatching
gustatory and olfactory stimuli investigated by fMRI
M. Klarhöfer1, A. Welge-Lüssen2, T. Hummel3, K. Scheffler1;
1MR-Physics, Dept. of Medical Radiology, University of Basel,
Basel, SWITZERLAND, 2Dept. of Otorhinolaryngology, University
of Basel, Basel, SWITZERLAND, 3Smell and Taste Clinic, Dresden
Medical School, University of Dresden, Dresden, GERMANY.

Introduction: Smell and Taste interact. Simultaneous application
of congruent stimuli e.g. sweet taste and pleasant odorant, have a
different effect on processing of olfactory information than discon-
gruent simultaneous stimulation. Our aim was to examine this phe-
nomen using fMRI.
Methods: 14 healthy, normosmic volunteers (7 male, 7 female, age
rage: 22 - 40y) participated. Olfactory stimulation was applied
using an olfactometer OM2S (Burghart, Wedel, Germany), olfacto-
ry stimulus was phenyl ethyl alcohol (PEA), stimulus duration
1000ms, 30%v/v). Gustatory stimuli were sucrose (A, saturated so-
lution), citric acid (B, 4% solution) or tasteless mineral water (C),
0.1ml, applied with a syringe. Intensity of sucrose and citric acid
were matched. All subjects took part in three randomised sessions
lasting 10.5 min; in each session one taste stimulus was applied. To
reduce movement artefacts, dummy periods were included during
which the subjects were allowed to swallow. MRI experiments
were performed on a 1.5 T Siemens Sonata system. Functional im-
aging was performed using a single-shot EPI sequence with the fol-
lowing parameters: FOV=220x220mm, slice thickness=4mm,
matrix=64x64, TR=2s, TE=40ms, flip angle=90deg. Statistical
analysis was performed in SPM2 (Wellcome Dept., UK).
Preprocessing included slice timing correction, realignment, spatial
normalization and smoothing with a Gaussian kernel of 9mm
width. An inter-subject analysis was performed using a random ef-
fects model.
Results: No movement artefacts due to gustatory stimulation were
present in the acquired image time series. PEA and citric acid
showed higher and more extended activation in posterior associa-
tion areas than PEA and suchrose or PEA and water. Moreover,
taste conditions A and B showed activation in hippocampus and
amygdala which was not present in taste condition C. All three con-
ditions showed activation in the cerebellum, even though this was
highest for the taste condition water. Gyrus fusiformis showed most
activation in the mismatching condition (B).
Conclusion: Matching and mismatching olfactory and gustatory
stimuli activate different central areas. Posterior association areas
are more active in mismatching conditions.
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Towards the Development of Smart Contrast Agents
Employing PASADENA
P. Bhattacharya1, K. Harris1, A. Lin1, D. P. Weitekamp2, 
B. D. Ross1; 1Huntington Medical Research Institutes, Pasadena,
CA, 2California Institute of Technology, Pasadena, CA, UNITED
STATES.

Purpose: Design of smart contrast agents using PASADENA de-
veloped by Bowers and Weitekamp1,2 which has wide ranging po-
tential application from ultra fast high resolution imaging to low
field NMR spectroscopy with high SNR.
Method: Enriched trans-Stilbene-α-β,-13C2 dissolved in deutero-
benzene was hydrogenated inside the 300 MHz Varian Mercury
NMR machine using parahydrogen (o/p ratio,1:1) in presence of
Wilkinson�s catalyst. Single shot 1H and 13C spectra were recorded
under previously reported conditions2

Results: 1H NMR confirms the formation of parahydrogenated
product. Comparative single shot 13C NMR spectra of the reactant
and product shows over 40% polarization transfer to the enriched
carbons (Figure). The molecule will now be tested for varied imag-
ing and spectroscopic applications.
References:
[1] Bowers; C.R.; Weitekamp, D.P. Phys.Rev. Lett. 1986, 57, 2645-
48.
[2] Bowers; C.R.; Weitekamp, D.P. J. Am. Chem. Soc. 1987, 109,
5541-5542.
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Development of novel contrast agents to detect apoptosis using
MRI
A. Neves, A. S. Krishnan, M. de Backer, K. M. Brindle;
University of Cambridge, Cambridge, UNITED KINGDOM.

Apoptosis, or �programmed cell death�, is part of the normal devel-
opment of multicellular organisms. It can also be induced in tu-
mours following chemotherapy, where the extent and speed of
onset are good prognostic indicators for treatment outcome. For
this reason we are developing contrast agents for magnetic reso-
nance (MR) imaging that target tumour cells undergoing apoptosis.
An early event during apoptosis is the exposure of phosphatidylser-
ine on the cell surface, which can be recognised by the C2 domain
of synaptotagmin. Previous work has demonstrated that C2, conju-
gated to superparamagnetic iron-oxide nanoparticles, could pro-

duce negative contrast in T2-weighted MR images of apoptotic
cells in vitro and in vivo.1

On the basis of these and related results2 we have been developing
contrast agents that detect apoptotic cells in MR images with posi-
tive rather than negative contrast, by conjugating C2 to a variety of
carrier molecules tagged with gadolinium-containing chelates.
References:
[1] Zhao(2001).NatureMedicine7:1241.
[2] Jung,submitted.
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MR imaging of the Matrigel angiogenesis assay
C. Ley1, L. Vejby Søgaard2, H. Simonsen2, P. Kristjansen1, 
I. J. Rowland2; 1Institute for Molecular Pathology, Copenhagen,
DENMARK, 2Danish Research Centre for Magnetic Resonance,
Hvidovre, DENMARK.

A reproducible in vivo angiogenesis assay that could be investigat-
ed with MR methods would be of significant value in the screening
and evaluation of anti- and pro-angiogenic agents. Furthermore, the
assay could be used to investigate the role of various physiological
factors upon angiogenesis and could be of use in validating MR
methods of assessing vasculature. Towards these aims, a Matrigel
assay model has been evaluated where Matrigel embedded in a
Perspex cylinder is implanted sub-cutaneously in nude mice. The
inclusion of substances such as VEGF and bFGF within the
Matrigel induces neoangiogenesis. This study demonstrates that
high resolution MR images may be obtained from the implants
both ex and in-vivo and that contrast enhanced dynamic MRI stud-
ies may be performed on them. This work suggests that with further
development Matrigel implants could be used to assess and opti-
mize the efficacy of vascular targeted drugs.

239
Quality maps facilitate MRSI evaluation with automated spec-
tral analysis 
T. Wokrina, G. Ende; Central Institute of Mental Health,
Mannheim, GERMANY.

Especially with multislice or 3D MRSI data sets there is a huge
number of spectra with a large variety of spectral qualities ranging
from no signal at all to excellently resolved spectra with high S/N.
With the existing program platform Sitools (1) it can be very labor
intensive to pick spectra from various cerebral subregions and check
each individual spectrum for sufficient spectral and fit quality.
We therefore implemented a spectral �quality map� where a
grayscale coded map can be superimposed on the MRSI slice. The
grayscale represents a preset of quality requirements which can be
individually chosen.
These quality maps facilitate the voxel picking procedure and si-
multaneously guarantee a certain spectral and fit quality for the fur-
ther analysis of MRSI results.
References:
[1] Soher BJ, Young K, Govindaraju V, Maudsley AA: Automated
spectral analysis III: application to in vivo proton MR spec-
troscopy and spectroscopic imaging. Magn Reson Med 1998;
40:822-31
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Gene therapy for stroke: an MRI study
R. Aron Badin1, L. van der Weerd1, M. F. Lythgoe1, D. G. Gadian1,
D. S. Latchman2; 1Institute of Child Health, London, UNITED
KINGDOM, 2Birkbeck College, London, UNITED KINGDOM.

Heat shock proteins (hsps) are molecular chaperones with essential
roles in cellular protection after stress. Previous studies using his-
tology to assess hsp neuroprotection have yielded conflicting re-
sults. Therefore, we used MRI to determine the effects of hsp gene
therapy in a middle cerebral artery occlusion (MCAO) model of re-
versible focal cerebral ischaemia in the rat. Stereotaxic microinjec-
tions were used to deliver herpes simplex virus carrying Hsp27,
Hsp70 or LacZ into the striatum.
Multislice T2-weighted spin echo images showed that total lesion
volume is reduced in hsp27 treated animals by 56% (p<0.02) com-
pared to controls. No significant reduction in infarct size was found
between Hsp70 treated and control rats (Fig.1). Differences in rela-
tive CBF between the groups (24 hours) were not significant and
therefore do not affect lesion size. Further application of non-inva-
sive MRI techniques to this model together with histological analy-
sis could help clarify the mechanisms underlying hsp
neuroprotection. 

241
Glutamate by MRS at 3 T in hippocampus of lithium-treated
bipolar disorder patients - correlation with serum lithium
F. Schubert1, M. Colla2, M. Bubner2, F. Seifert1, H. Rinneberg1, 
I. Heuser2; 1Physikalisch-Technische Bundesanstalt, Berlin,
GERMANY, 2Psychiatry Department, Charite University Medicine,
Berlin, GERMANY.

Introduction: While there is convincing evidence for a mood-sta-
bilizing effect of lithium therapy on bipolar disorders, contradicto-
ry findings have been published regarding the influence of chronic
lithium on glutamate levels in brain. Serum and brain lithium con-
centrations are known to be positively correlated.
Methods: We studied serum lithium levels and brain glutamate
(Glu) concentration in 20 bipolar patients medicated for 3-12 years
with lithium. Glu was measured by optimized PRESS at 3 Tesla in
voxels comprising the left and right hippocampus; concentration
was quantified as described [1] and corrected for csf using SPM-
segmentation.
Results: There was a positive correlation between lithium concen-

tration in serum and Glu in both hippocampus voxels (figure). This
supports earlier in vitro findings that lithium may amplify Glu re-
lease and inhibit synaptosomal Glu uptake [2].
References:
[1] Schubert F et al [2004] Neuroimage 21: 1762-71.
[2] Dixon JF, Hokin LE [1998] PNAS 95: 8363-8.
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Statistical maps of apparent diffusion coefficients 
R. Viviani1, J. Kassubek2, B. Schmitz3; 1Department of Psychiatry
III, University of Ulm, Ulm, GERMANY,
2Rehabilitationskrankenhaus Ulm, Ulm, GERMANY, 3Department
of Radiology, University of Ulm, Ulm, GERMANY.

Introduction: Diffusion-weighted imaging (DWI) is a promising
technique for the investigation of brain inflammatory lesions. An
important issue is whether DWI can detect mild lesions that remain
otherwise hidden. We propose to use a statistical mapping (SM) ap-
proach to map the areas of local apparent diffusion coefficient
(ADC) changes.
Method: A voxel-wise reference distribution of the ADC is gener-
ated from a group of healthy individuals. The SM is created by test-
ing voxel by voxel if the ADC of the patient belongs to the
reference distribution. To correct for multiple comparisons, a non-
parametric approach will be used (Holmes et al. 1998). For stereo-
tactic standardization, DWI images are registered to a T2-weighted
structural image of the same subject using an affine transformation.
Coefficients of a non-linear transformation from the T2 structural
image to a standardized T2 template are calculated and applied to
the affine-registered DWI image before obtaining the ADC maps.
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243
Volumetric analysis of brain MRI scans using Geometry
Deformable Models 
W. Lee1, I. Richardson1, R. Staff2; 1The Robert Gordon University,
Aberdeen, UNITED KINGDOM, 2University of Aberdeen, Dept
Nuclear Medicine, Aberdeen, UNITED KINGDOM.

An accurate and robust volumetric segmentation of all or part of
the human brain, based on MRI scans, could be use to aid early
clinical diagnosis of neurodegenerative diseases. This paper de-
scribes an automatic volume analysis algorithm designed to be ap-
plied to T1-weighted longitudinal brain MRI scans in order to
quantify brain volume changes.
The volumetric analysis algorithm makes use of a Geometry
Deformable Model (GDM) which offers a number of advantages
compared with existing volumetric methods. These advantages in-
clude the ability to incorporate a priori structural knowledge (such
as the continuous nature of the brain and constraints on brain
geometry), accuracy to sub-voxel levels and robustness in the pres-
ence image intensity changes, registration errors or noise.
The paper will demonstrate the results of applying the Geometry
Deformable Model algorithm to 3D brain MR scans and will dis-
cuss its application to volume change estimation. 

244
Infarction imaging is possible in atrial fibrillation using seg-
mented IR-turboFLASH as well as single-shot IR true FISP
J. E. Engvall1, P. Björklund2, P. Blomstrand3, E. Fernström3, 
L. Rosendahl3; 1Linkoping University, Linkoping, SWEDEN, 2MR
Unit County Hospital, Jönköping, SWEDEN, 3County Hospital,
Jönköping, SWEDEN.

We have studied single-shot IRtrueFISP late enhancement for my-
ocardial infarction compared to segmented IRturbo-FLASH in pa-
tients in atrial fibrillation. We here report our initial experience.
Inclusion: 150 patients were screened for a history of myocardial
infarction. 20 patients fulfilling inclusion criteria were asked to
take part in the study, which was approved by the regional ethics
committé.
Method: At MRI, three longaxis views and 8-11 short axis cuts
were recorded with both pulse sequences, after injection of
gadolinium.
Results: 6 patients have been investigated. All studies have dis-
played images that have been possible to evaluate. Image quality
has been comparable with both sequences, fig 1, same patient,
identical window settings.
Conclusion: single-shot imaging gives sufficient resolution to
image extent of myocardial infarction.

Fig 1: single-shot IRtrueFISPIR turboFLASH

245
Rare intramyocardial myxoma of the left ventricle
J. M. Michalak1, J. Walecki2, M. Garlicki3, E. Michalak4, 
M. Kalczak5; 1Department of Cardiology, Central Clinical
Hospital, Warsaw, POLAND, 2Department of Radiology, Central
Clinical Hospital,CMDiK PAN, Warsaw, POLAND, 3Department
of Cardiosugery, Central Clinical Hospital, Warsaw, POLAND,
4Congenital Heart Disease Department, Institute of Cardiology,
Warsaw, POLAND, 5Department Anatomopathology, Central
Clinical Hospital, Warsaw, POLAND.

Authors present the case of rare intramyocardial cardiac tumor in
44-years old man with chest pain and arrythmia. The analysis of
transthoracic echocardiography showed mass (7x7,5 cm) localized
in the apex of right ventricle (RV).Its arising was very difficult to
define. The metastatic tumor was excluded. Cardiac magnetic reso-
nance (MR) study was performed on 1,5T system before and after
intravenous contrast injection (Gd-DTPA). MR demonstrated large
homogenous intramyocardial tumor located in the postero-apical
wall of the left ventricle despite previous right side sugestion. Its
didn't present fat saturation. After Gd-DTPA in T1-weighted SE
image nonhomogenous signal enhacement of the tumor with
markedly separate capture was observed. Patient has been operat-
ed, MR diagnosis of myxoma was confirmed surgically and
histopathologically. MR seems to be the main and the important di-
agnostic tool of this rare location of myxoma.
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EPSI reconstruction for multi-echo balanced SSFP imaging
O. Wieben, J. Leupold, O. Speck, J. Hennig; Dept. of Radiology -
Medical Physics, University Hospital Freiburg, Freiburg,
GERMANY.

Introduction: Rapid imaging of multiple metabolites with high
spatial resolution is a challenging task in MR imaging. Recently,
Reeder and coworkers have demonstrated a novel iterative Dixon-
type reconstruction technique for the separation of two or more
metabolites imaged with short TE increments. Echo planar spec-
troscopy imaging (EPSI) has been used for producing spectroscop-
ic images and fat-water separation with high spatial and spectral
resolution [2]. Here we demonstrate the feasibility for metabolite
separation using a multi-echo balanced SSFP sequence with an
EPSI reconstruction.
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Materials and Methods: A multi-echo balanced SSFP sequence as
shown in Figure 1 was implemented on a 1.5 T Sonata system
(Siemens Medical Solutions, Erlangen, Germany) with gradients
supporting 40 mT/m amplitude and 200 T/m/s slew rate. In EPSI
imaging, the alternating readout gradient simultaneously encodes
one spatial dimension and one chemical shift dimension while the
phase encoding gradients encode the other spatial dimensions. The
spacing between the echoes, ∆TE, determines the Nyquist frequen-
cy, fN, of the spectral reconstruction

The spectral resolution ∆f is inversely proportional to the product
of the number of acquired echoes, M, and the echo spacing:

Bottles of water, vegetable oil, and acetone were imaged with the
following parameters: on resonance for 1H, 7 echoes, ∆TE = 1.12
ms, TR = 10.3 ms. In the current implementation, only the odd
echoes were considered for image reconstruction in order to avoid
complications from data inconsistencies between odd and even
echoes.

Results: When the four odd echoes are used for the reconstruction,
then the effective echo spacing doubles and the fold-over frequen-
cy fN decreases to 223 Hz while the spectral resolution stays at 112
Hz. Figure 2 shows the results for images reconstructed at 0, -112,
and -223 Hz. Here the echo timing had been chosen such that the
reconstructed images fall onto the resonance frequencies of the im-
aged metabolites.

Discussion: This study demonstrates the feasibility of metabolite
separation with a multi-echo bSSFP sequence and EPSI reconstruc-
tion. Potential applications include the separation of fat, water, and
silicone, e.g. in breast imaging. With such a sequence, the spectral
resolution is ultimately limited by the TR achievable without band-
ing artifacts. Therefore, metabolites with a lower precession fre-
quency than protons can be imaged with higher spectral
resolutions. We are currently investigating the incorporation of the
even echoes also to improve the SNR of the measurements.
References:
[1] S Reeder, MRM 51:35-45, 2004.
[2] S. Posse, MRM 33:34-40, 1995.

247
Very fast SSFP based 1H spectroscopic imaging using spectral-
spatial RF pulses
C. Geppert, W. Dreher, M. Althaus, D. Leibfritz; FB2, Chemie,
Institut für organische Chemie, Universität Bremen, Bremen,
GERMANY.

Introduction: Recently, several new pulse sequences based on the
condition of steady state free precession(SSFP) have been pro-
posed for ³¹P[1] and ¹H[2] spectroscopic imaging (SI). Among
those for ¹H, excellent water suppression and best reproducibility
was obtained by measuring the echo-like signal S2 using chemical
shift (cs) selective composite RF pulses. However, a serious draw-
back was the lack of any slice selection. In this work, a sequence is
presented which uses spectral-spatial RF excitation pulses to over-
come this problem.
Methods: Spectral-spatial RF pulses [3,4] have been used in ¹H
imaging and SI to suppress signals from fat and/or water. In the
proposed sequence (Fig.1) a cs selective composite pulse is used as
suggested in [5] (1-2τ-5.4-τ-5.4-2τ-1, minima appear at ±1/τ). In
order to incorporate slice selection, the hard pulses are substituted
by optimized slice-selective sinc-pulses. As this sequence sup-
presses the FID-like signal S1 by spoiler gradients and uses only S2
(according to the SSFP imaging sequence CE-FAST [6]), signal
distortions for large offset frequencies are avoided.
The sequence was implemented on a 4.7T/40cm Bruker Biospec.
The slice thickness was 12mm in z-direction and the flip angle was
40°. The interpulse delay τ was 1.25ms to simultaneously suppress
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water and fat signals. The FOV was 48³ mm³ for phantom and 32³
mm³ for in vivo measurements (matrix size16³). Using a TR of
65ms the total measurement time was 4:20min. Phantom experi-
ments were performed using a sphere filled with N-acetylaspartate
(NAA) and myo-inositol (Ins). In vivo experiments were conduct-
ed on anaesthetized healthy Wistar rats using a surface coil.
Results/Discussion: Fig.2 shows the measured spectral-spatial
profile of the RF pulse. Fig.3 represents a matrix of magnitude
spectra from a phantom experiment, showing excellent water sup-
pression and good spectral quality. Fig.4 depicts an array of real
part spectra from the rat brain in vivo. Resonances from NAA, total
creatine and choline containing compounds can be identified.
Conclusion: By using spectral-spatial RF pulses the main disad-
vantage of previous spectroscopic CE-FAST measurements, i.e. the
global RF excitation of the sample, has been overcome, allowing a
FOV smaller than the sample. Thus, volume-selective shimming
can be used and the minimum total measurement time is further re-
duced.
References:
[1] Speck O [2002] Magn.Reson.Med. 48:633-639
[2] Dreher W [2003] Magn.Reson.Med. 50:453-460
[3] Meyer CH [1990] Magn.Reson.Med. 15:287-304
[4] Spielman D [1991] Magn.Reson.Med. 18:269-279
[5] Starcuk Z [1986] J.Magn.Reson. 66:391-397
[6] Gyngell ML [1988] Magn.Reson.Img 6:415-419
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Real-time undersampled radial IR-TrueFISP for fast
quantitative T1, T2 & M0 mapping
M. Griswold1, P. Schmitt1, P. Speier2, M. Nittka2, V. Gulani1, 
P. Jakob1; 1Physics, University of Wuerzburg, Wuerzburg,
GERMANY, 2Mrea, Siemens Medical Solutions, Erlangen,
GERMANY.

Introduction: Schmitt et al [1] have recently demonstrated that
quantitative T1,T2 & M0 values can be simultaneously derived
from a single inversion-recovery True FISP (IR-TrueFISP) se-
quence [2]. In this abstract, we apply this same methodology using
a real-time radially sampled IR-TrueFISP sequence combined with
an echo-sharing reconstruction [3]. With this sequence and recon-
struction, we are able to derive all 3 parameters at clinically useful
resolutions in several seconds. Using these parameters, we retro-
spectively reconstruct T1-weighted, T2-weighted & FLAIR im-
ages.
Methods: Imaging was performed on a Siemens 1.5T Quantum
Symphony using an 8 channel head array (MRI Devices,WI,USA).
The imaging sequence consisted of a slice selective inversion pulse
followed by a real-time radial TrueFISP readout. The TrueFISP
module consisted of 8 interleaves of 31 projections covering 360º.
Parameters were TR=5 ms, 256 points, BW=568Hz/pix,
slice=8mm, FOV=250 mm2. Total image acquisition time = 5s per
slice.
For reconstruction, an echo-sharing filtering scheme was used
wherein the center 32 points of all projections from one interleave
contributed in the middle of k-space, while the signal from all 8 in-
terleaves contributed to the outer parts[6]. Normal regridding was
used. Following reconstruction, the time series of images was fit to
a 3 parameter monoexponential fit. Based on these parameters,
T1,T2& M0 were determined using the method found in [1].
Afterwards, synthetic images with normal contrasts were calculated.
Results: Images were reconstructed with good image quality; the
final parameter maps appear artifact free (Fig 1). The resulting val-
ues are shown in Table 1 and are in general agreement with litera-
ture values. The simulated images reconstructed from these
parameter maps (Fig 2) appear essentially identical to normally ac-
quired clinical images even though the acquisition time of these
images was only 5s.
Conclusions: In this work, we have demonstrated that it is possible
to quantify T1, T2 & M0 in a time on the order of several seconds.
Simulated images were retrospectively generated with essentially
identical image appearance to normal clinical images, even though
the acquisition time was only a fraction of the normal time. The use
of these methods could revolutionize clinical brain exams, since the
total acquisition time for an entire series of images with various
different contrasts would be on the order of a few minutes for a full
3D scan.
References:
[1] Schmitt et.al.,ISMRM,135(2003)
[2] Scheffler et.al.,MRM45(6):720-723(2001)
[3] Song, et.al. MRM 44:825-832 (2000)
Acknowledgement: This work was supported by Siemens Medical
Solutions.
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Hadamard encoded 3D SSFP imaging using controlled spin
dephasing
C. Baltes, S. Kozerke, J. Tsao, K. P. Pruessmann, P. Boesiger;
Institute for Biomedical Engineering, University & ETH Zurich,
Zurich, SWITZERLAND.

Introduction: In 3D MRI, Fourier encoding (FE) is commonly ap-
plied to resolve distinct slices. However, adjacent slices suffer from
significant signal cross-talk, which is particularly problematic for a
small number of phase-encode steps. In this work, a new approach
based on Hadamard encoding (HE) [1] and the off-resonance be-
havior of steady-state-free-precession (SSFP) imaging [2] is de-
scribed. Controlled spin dephasing is used to perform HE. This
approach results in reduced signal contamination and better slice
definition compared to conventional FE with the same number of
encoding steps. Simulations, phantom experiments and preliminary
in-vivo results are demonstrated.
Methods: While simulating SSFP imaging, slice-select gradients
were applied to deliberately generate off-resonances. The SSFP
magnetization shows a characteristic dependence on these off-reso-
nances, forming distinct alternating plateaus with steep mutual
transitions (Fig. 1a). This distinct behavior was exploited to gener-
ate the different HE steps (simulation parameters:
T1/T2=400/350ms,flip angle=60°). Slice profiles resolved by
SSFP-based Hadamard inversion and by conventional FE with four
encoding steps were compared (Fig. 1b).
Additional gradients to control the spin dephasing were incorporat-
ed into a standard SSFP sequence on a Philips Intera 1.5T MR sys-
tem. To validate the generated dephasing, a thin slice of a fluid
phantom (T1/T2=400/350ms) was repeatedly acquired, while shift-
ing SSFP banding artifacts (Fig. 2).
In-vivo feasibility of HE was validated by acquiring a 3D volume
of the brain containing the main ventricles (scan parameters:resolu-
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tion:0.8x0.8x6mm3,TE/TR:2.4/4.8ms,flip angle:50°). To reduce
signal contamination due to the imperfect excitation profile, a
20mm-thick volume was excited, while four 6mm-thick slices were
encoded. The positions of the reconstructed slices were validated
by acquiring standard 3D-SSFP images.
Results: Figure 1b shows that SSFP-based HE leads to both signif-
icantly reduced side lobes and improved slice localization com-
pared to FE. The SSFP signals measured for shifted banding
artifacts were in good agreement with the simulations (Fig. 2). The
distinct slices reconstructed from Hadamard-encoded in-vivo data
compared well with the standard 3D-SSFP images (Fig. 3).
Discussion: Simulations showed that Hadamard-encoded slices are
less susceptible to signal contamination from adjacent regions
compared to conventional FE. In in-vivo experiments, Hadamard-
encoded SSFP imaging using controlled spin dephasing was suc-
cessfully applied to reconstruct distinct slices. A disadvantage of
this approach is the sensitivity to off-resonance effects, such as sus-
ceptibility and flow, causing distortions of the slice localization.
Nevertheless, this technique may be useful in homogeneous re-
gions, where accurate localization of a minimal number of slices is
desired.
References:
[1] Cunningham CH,MRM;48,689-698,2002
[2] Scheffler K,MRM,45;1075-1080,2001
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SNR enhancement or acquisition acceleration: Application of
partial k-space averaging 
S. Winkelmann1, T. Schäffter2, H. Eggers2, O. Dössel1; 1Institute of
Biomedical Engineering, University of Karlsruhe, Karlsruhe,
GERMANY, 2Division Technical Systems, Philips Research,
Hamburg, GERMANY.

Purpose/Introduction: The purpose of this study was to demon-
strate benefits of partial k-space averaging. Additional data, ac-
quired on the refocusing gradients of a balanced radial SSFP
sequence, are either used for an enhancement of the SNR or an ac-
celeration of the acquisition. The effect of both approaches is stud-
ied by phantom and in-vivo experiments.
Subjects and Methods: The scan efficiency in SSFP imaging with

symmetric read-out gradients and the image SNR can be enhanced
by extending the sampling window over the refocusing gradients
(Fig.1). The interval between two slice selection gradients limits
the duration of sampling, and hence, the degree of averaging (α) of
one projection. For higher degrees of averaging, the time interval
between the slice selection gradients and TR have to be increased.
It can be shown that partial k-space averaging yields a SNR gain
approximately given by SNRav/SNR = sqrt{2/(2-Aav/A)} [1], with
Aav/A being the relation of averaged (Aav) and non-averaged (A) k-
space areas.

For imaging, we used a 1.5 T clinical scanner (Philips, Intera).
Noise reduction was analyzed in phantom experiments
(FOV=300mm, matrix size=256Í256, slice=3mm). Cardiac func-
tion studies demand a particularly high temporal resolution. Tests
on a volunteer�s heart (FOV=340mm, matrix size=128Í128,
slice=10mm) were performed to discuss the trade-off between SNR
loss, due to acquisition acceleration achieved by angular undersam-
pling (64,72,88,96,128 projections) [2], and SNR gain, due to par-
tial k-space averaging.
Results: Fig.2 shows the result for 100% averaging, leading to an
SNR gain of 41%, after slightly increasing TR to 6.1ms for the
phantom experiment. The original TR allowed averaging of
α=50%, resulting in an SNR gain of 26%. The effect of enhance-
ment of the temporal resolution by angular undersampling is
demonstrated in Fig.3. It shows two frames of a non-triggered real-
time movie stream, representing the short systolic cardiac phase.
Partial k-space averaging reduces the loss of SNR, caused by the
acceleration of acquisition. Acceleration of up to 19% is possible
without any detrimental effect on the image SNR.
Discussion/Conclusion: The exploitation of the entire interval be-
tween two consecutive slice selection gradients for the acquisition
leads to partial k-space averaging. Experiments showed an increase
of SNR by 26% in high-resolution images and acceleration by 19%
of a fast cardiac function study.
References:
[1] Winkelmann S et al [2004] ISMRM 11, 2087
[2] Peters D et al [2000] MRM 43, 91-101
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Free-breathing MRI using isotropic 3D-radial sampling with
motion-dependent readout orientation arrangement (ROAR)
C. Stehning1, W. Dannels2, P. Börnert3, K. Nehrke3, O. Dössel1;
1Institute of Biomedical Engineering, University of Karlsruhe,
Karlsruhe, GERMANY, 2MR development, Philips Medical System,
Cleveland, OH, 3Sector Technical Systems, Philips Research
Laboratories, Hamburg, GERMANY.

Abstract: Motion during data acquisition is a major source of
image artifacts in MRI. In cardiac or abdominal MRI, navigator
gating or breath-holds are applied to reduce respiration-induced
motion artifacts. However, these techniques either prolong the scan
time, or patients may not tolerate them well. For faster scanning
and improved patient comfort, a technique that allows free breath-
ing during a continuous data acquisition is presented. Motion arti-
facts are suppressed by 3D-radial sampling using a readout
orientation arrangement (ROAR).
Methods: A 3D-radial isotropic, volumetric imaging scheme [1]
was applied (Fig. 1). This type of acquisition is insensitive to mo-
tion perpendicular to the respective readout orientation.
Respiratory motion is mostly limited to the SI-direction. Therefore,
based on a real-time decision, motion-sensitive readouts that lay
approximately in the SI-direction were scanned during quiet end-
expiration, while motion-insensitive readouts were acquired during
inspiration. The respiratory state was tracked using a simple exter-
nal belt. The following hardware and sequence parameters were
used: Philips INTERA 1.5T scanner, FOV 320mm, FFE,
TR=10ms, TE=4.6ms, α=10°, resolution 160³, isotropic voxel size
(2 mm)³, 50% undersampling, scan time ~2 min. The image quality
obtained with and without ROAR was compared and scored by two
independent reviewers.

Results: The examinations were performed on ten healthy volun-
teers. Selected results for abdominal MRI are illustrated in Figs. 2
and 3. While 3D radial sampling already provides a low motion-
sensitivity, further image quality improvements were achieved
using ROAR. Liver, spleen and kidneys were imaged during free
breathing with little motion artifacts.

Discussion and Conclusion: The employed radial sampling with
readout reordering allows free breathing during a continuous data
acquisition [2,3], while motion artifacts are effectively suppressed.
While an estimate of the motion direction is necessary to plan the
acquisition, neither the exact motion amplitude nor its form (rigid
body, affine, etc.) has to be known. This is an advantage over alter-
native techniques such as tracking [4] or affine corrections [5]. As a
further benefit, a relatively simple external respiration sensor is
sufficient, and the data acquisition is not interrupted by respiratory
navigators. The latter aspect is of special interest for steady-state
sequences. As a conclusion, a robust, motion-insensitive approach
with no scan time penalty was employed in abdominal MRI.
References:
[1] Barger VB et al., MRM 2002;48:297-305
[2] Glover GH et al., MRM 1992;28:275-289
[3] Bailes DR et al., J.Com.Assist.Tomogr 1985; 9:835-838
[4] McConnel MV et al., MRM 1997;37:148-52
[5] Manke D et al., MRM 2003;50:122-31

252
An investigation into motion registration and multiframe
averaging for coronary MRA
M. Buehrer1, E. T. Fruend2, S. Kozerke1, P. Boesiger1; 1Institute
for Biomedical Engineering, University and ETH Zuerich,
Zuerich, SWITZERLAND, 2Clinical Institute and MR Centre,
Aarhus University Hospital, 8200 Aarhus N, DENMARK.

Introduction: Heart motion is a major obstacle in coronary MR
angiography, resulting in long measurement times. The knowledge
about the nature of coronary motion is therefore important for pos-
sible corrections of motion induced artifacts. The objective of this
work was to track and register the right coronary artery (RCA) over
one heart cycle and to validate whether averaging of multiple time-
frames upon registration is a feasible concept for improving the
signal-to-noise ratio in the final image. For registration, different
motion models (translation, rigid, affine) were applied and com-
pared.
Methods:
Data acquisition: To obtain multi-phase data sets of the RCA, a
steady state free precession sequence (TR=4.9ms,TE=2.5ms,flip
angle=60°) with real-time respiratory motion correction was used.
Angulated 3D volumes with twenty slices (slice
thickness=3mm,FOV=270x270mm2,resolution=1x1mm2) were ac-
quired with nine cardiac frames. The measurements were per-
formed on a 1.5T Philips Intera (Philips Medical Systems,Best, The
Netherlands).
Data processing: The visible part of the RCA was manually seg-
mented in all volumes and its coordinates were resampled equidis-
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tantly along the path of the artery using cubic spline interpolation.
Thereafter, the coordinates along the artery in each cardiac frame
were registered onto the ones of the end-diastolic frame using three
different models accounting for: a) translation, b) rigid motion c)
affine motion. For every model, this provided a set of transforma-
tion matrices, which were used to transform the point sets of the
RCA in every frame. By denoting the ith transformed point of the
nth cardiac frame (n=1,…,9) with pn

i, the error for the three differ-
ent registration models was calculated as:
E*= meann(meani((p

n
i - p

9
i)

2)) where * stands for translation, rigid
or affine.
The transformation matrices were also used to register the raw
image data from different time-frames.
Results: The registration error for the three different transforma-
tion models is shown in Figure1. It is clearly visible that affine
transformation performs best. In Figure2, one end-diastolic time-
frame (Figure2a) is compared to images generated from an average
of all time-frames without and with registration.

Discussion: In this work, it has been shown that motion of the
RCA during the cardiac cycle can be well approximated with an
affine motion model. This, however, is a local property which is not
valid for the whole heart and thus conclusions for prospective mo-
tion correction cannot be drawn. Nevertheless, multi-frame averag-
ing upon affine registration seems to a potential strategy to improve
the signal-to-noise ratio in the final image of the right coronary ar-
tery.

253
Prospective 3-D respiratory motion correction for free-breath-
ing MR perfusion imaging
H. Pedersen, S. Ringgaard, W. Y. Kim; MR Centre, Skejby
Hospital, Aarhus Univerity Hospital, Aarhus N, DENMARK.

Purpose: Quantitative analysis of myocardial perfusion using car-
diovascular magnetic resonance imaging (CMRI) is hampered by
respiratory induced cardiac motion during free breathing. Manual
realignment of the slices is extremely tedious, and may lead to in-
correct results in the perfusion analysis, because most of the appar-
ent in-plane movement is actually caused by through-plane motion.
We have developed a method for prospective respiratory motion
correction in myocardial perfusion imaging using patient-specific
regional scale factors for 3-D navigator tracking of each individual
slice.
Subjects and Methods: The patient-specific respiratory motion
pattern was analysed by tracking cardiac anatomical landmarks in
two orthogonal planes (coronal and sagittal view, Fig. 1). The cali-
bration scan was acquired during free breathing using a single-shot
ECG-triggered trueFISP sequence (2x2 mm2 pixel size). The spa-
tial position of each cardiac landmark (in x-, y-, and z-coordinates)
was related to a leading navigator using linear regression, such that
during subsequent scans regional cardiac translation could be pre-
dicted and used for 3-D slice tracking. Subject-specific regional
scale factors were found in ten healthy volunteers and used for
prospective motion correction in free-breathing dynamic studies of
two short-axis slices. For comparison similar scans were conducted
without motion correction, and with prospective correction using
the conventional FH scale factor of 0.6 [1]. A segmented k-space
gradient echo perfusion imaging sequence (SENSE factor two) was
used, but for ethical reasons no contrast agent was administered.
Results: The optimal registration of the 3-D respiratory motion
was achieved from the coronal and sagittal planes aligned along the
center of the heart. Estimation of the linear regression slopes, pro-
vided the following average scale factors for the center of the left
ventricle: FH = 0.53+/-0.11, AP = 0.21+/-0.10, RL = 0.10+/-0.12.
Visual inspection showed that most of the through-plane motion
was removed with the prospective motion correction. Average in-
plane motion amplitude relative to non-corrected slices was re-
duced with a factor 3.4 for the subject-specific scale factors, and
1.8 with the conventional factor 0.6 (Fig. 2 and 3). A non-paramet-
ric, signed rank test showed that this difference was statistically
significant (p<0.01).
Conclusion: The present work has demonstrated that non-gated 3-
D prospective navigator tracking can accurately compensate for
respiratory motion during dynamic myocardial perfusion scanning.
This approach may facilitate quantitative myocardial perfusion
analysis by CMRI.
Abbreviations: Feet-Head (FH), Anterior-Posterior (AP), Right-
Left (RL).
References: 1. Wang et al, Magn. Res. Med., vol. 33, pp. 713-719,
1995.
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The role of MRI in monitoring brain status in HIV infection
and drug abuse
T. Jernigan1,2; 1Laboratory of Cognitive Imaging (LOCI),
University of California, San Diego, La Jolla, CA, 2University of
Copenhagen, Copenhagen, DENMARK.

Converging evidence has emerged for significant neurodegenera-
tive effects of chronic HIV-infection independent of the presence of
central nervous system opportunistic infections. Studies with struc-
tural MRI (sMRI), MR spectroscopy (MRS), perfusion MRI, and
functional MRI (fMRI) have already contributed important infor-
mation about the distribution and temporal course of such effects.
Unfortunately, the mechanisms that lead to HIV-related neurode-
generation are still poorly understood. In the era of potent antiretro-
viral therapies, HIV-seropositive individuals are surviving longer
with improved quality of life. However, there is evidence that HIV-
related neurodegeneration can progress in some cases in spite of
well-controlled viral load measurements from plasma. Thus there is
a need for sensitive noninvasive methods for monitoring HIV-relat-
ed changes in the brain more directly. In addition there are unre-
solved questions about the effects of long term antiretroviral
treatments themselves on the integrity of the brain. Given these
facts, active investigation of the utility of MR methods for early di-
agnosis of HIV-related neurodegeneration and for the evaluation of
treatments is a major research priority.
Particularly in western cultures there is significant continuing ex-
pansion of the AIDS epidemic in substance abusing populations.
Abuse of drugs such as CNS stimulants increases the risk of infec-
tion with HIV and Hepatitis C. Since substance abuse and co-infec-
tion are themselves associated with CNS effects, and since these
effects are also poorly understood, defining the neurological course
of HIV-infection in the substance abusing population is likely to be
particularly challenging.
In this presentation, some recent MRI studies of brain effects of
HIV-infection, substance abuse, and the combination of these fac-
tors will be reviewed. Evidence will be presented suggesting that
both risk-factors are frequently associated with damage to cortico-
striatal and cortico-limbic systems. Ongoing studies and future di-
rections for MR investigation of these complex disorders will be
discussed.

255
MRS in epilepsy research
S. Müller; Department of Radiology, UCSF, Magnetic Resonance
Unit, VAMC, San Francisco, CA, UNITED STATES.

Introduction: MR-spectroscopy (MRS) allows for a non-invasive
measurement of different brain metabolites and some of the most
important neurotransmitters. In epilepsy research, this technique is
used for two purposes: 1. Identification of the brain region respon-
sible for seizure generation in so-called partial epilepsies, thus al-
lowing for surgical resection of this brain area in patients whose

seizures cannot be satisfactorily controlled otherwise. 2.
Characterization of the typical neurochemical abnormalities of
epileptic brain tissue and identification of factors contributing to
neuronal dysfunction/loss in epilepsy.
Methods: Focus identification: 31P MRS (single voxel (SV), spec-
troscopic imaging (MRSI)), 1H MRS (SV, MRSI). Neurochemical
profile of epilepsy: Animal models: 13C MRS (glutamate, GABA,
glutamine). Human studies: 1H MRS (SV Glnx. GABA, glu-
tathione with various editing techniques).
Results: Focus identification: The most consistent abnormality in
the epileptogenic focus in 31P studies was a decrease of PCr and
led to its correct identification in about 70% of the patients.
Abnormalities of Pi, pH and PME were reported inconsistently. In
1HMRS, the focus was most consistently characterized by a de-
creased NAA, which correctly localised it in 80-90 % of patients
with temporal lobe epilepsy and 62-75 % of patients with neocorti-
cal epilepsy. However, MRSI studies showed NAA reductions also
beyond the focus in brain regions involved in seizure spread. In
some brain regions, the presence of such extra focal NAA decreas-
es predicted the likelihood of the patient becoming seizure free
after epilepsy surgery. Neurochemical profile: 13C MRS studies
demonstrated disturbances of energy metabolism and of glutamate
cycling in different animal models of epilepsy. 1H studies in pa-
tients found a widespread impairment of the GABA-ergic system
to be associated with poor seizure control in partial epilepsy.
Furthermore, a widespread reduction of the antioxidant glutathione
was found in partial epilepsy shedding some light on the mecha-
nisms leading to neuronal dysfunction in epilepsy.
Conclusion: The current data suggests that MRS plays an impor-
tant role in epilepsy research and will continue to do so. The devel-
opment and improvement of new editing techniques and less
expensive 13C measurements will allow to learn more about the
typical biochemical abnormalities in the epileptic brain in vivo and
thus lead to a more rational and therefore more successful drug
therapy for different types of epilepsy. Furthermore, because it is
non-invasive and clinical systems are widely available, MRS has
the potential to become one of the standard exams for focus local-
ization in the presurgical evaluation.
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MR diffusion measurements in tumour tissue and tumour
therapy
C. Arús1, M. Cabañas2, C. Majós3; 1Departament de Bioquímica i
Biologia Molecular Unitat de Ciències Edifici Cs, Universitat
Autònoma de Barcelona, Cerdanyola del Vallès, SPAIN, 2Servei de
RMN, Universitat Autònoma de Barcelona, Cerdanyola del Vallès,
SPAIN, 3Centre de Bellvitge, Institut de Diagnòstic per la Imatge
(IDI), Hospital Duran i Reynals, CSU de Bellvitge, L'Hospitalet
de Llobregat, SPAIN.

Most MR diffusion studies of cancer measure the apparent diffu-
sion coefficient (ADC) of water by using the Pulse Field Gradient
(PFG) method at two or few gradient strengths (b factor). The
range of b values used for human studies usually stays below or at
1000 s/mm2, while diffusion time (tdif) is in the range of 40-65
msec, with few studies at longer tdif. Human and animal tumours
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may display shorter ADC for water in their cellular part (as low as
22 - 40 x 10-7 cm2/s, in nodal lymphoma, prostate cancer of trans-
genic mouse, colon cancer xenografts in nude mice and metastasic
cervical lymph nodes) than corresponding normal tissue (about 130
x 10-7 cm2/s in prostate, 62-104 x 10-7 cm2/s in human brain), simi-
lar ADC (78-92 x 10-7 cm2/s in giant cell tumours, paediatric brain
tumours) or higher ADC (118-144 x 10-7 cm2/s human high grade
gliomas). To understand the biochemical and biophysical rational
of this variability we must remember that high cellularity, high con-
centration of proteins or viscous fluids decrease the ADC of water.
This ADC increases in oedematous, necrotic areas or upon therapy
induced cell death (up to 288 x 10-7 cm2/s). The upper limit being,
in absence of perfusion/bulk flow effects, the diffusion coefficient
of water at 37 ºC, 300 x 10-7 cm2/s. Rather than comparing absolute
ADC values it has been suggested to use ADC ratios between ab-
normal and normal tissue acquired in the same experiment to dif-
ferentiate tumour recurrence from recidive [1]. These differences in
ADC have been harnessed to produce image contrast using
Diffusion Weighed Imaging (DWI) acquisition sequences, which
may improve tumour detection compared with plain T2-weighed
images. The anisotropy of water diffusion has also been used in dif-
fusion tensor images (DTI) which may be good predictors of cellu-
larity and of astrocytic tumour grade [2]. Diffusion of metabolites
has also been studied in tumours. Lactate in a brain tumour showed
an ADC (62 x 10-7 cm2/s) comparable to that of water (91 x 10-7

cm2/s), while other metabolites like creatine showed ADC compat-
ible with a cellular restriction (28 x 10-7 cm2/s) [3]. Finally, if b
field values or diffusion time investigated are large/long enough,
sub-cellular restrictions for metabolites have also been observed.
References:
[1] Hein P.A. et al. AJNR 25:201-209, 2004.
[2] Beppu T. et al. J. Neuro-Oncol. 63:109-116, 2003.
[3] Harada M. et al. NMR in Biomed. 15:69-74, 2002.
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Diffusion in skeletal muscle and heart
G. J. Strijkers; Biomedical NMR, Biomedical Engineering,
Eindhoven University of Technology, Eindhoven, NETHER-
LANDS.

In the last decade the measurement of water self-diffusion in living
tissues, using diffusion-weighted MRI (DW-MRI), has proven an
extremely powerful in vivo diagnostic tool, and DW-MRI is there-
fore currently becoming part of many routine clinical protocols.
This success originates primarily from the potential of DW-MRI to
detect diseased regions at an earlier stage than conventional MRI,
caused by its sensitivity to tissue structure on the cellular level.
Within this field, diffusion tensor imaging (DTI) is becoming more
and more important. DTI is based on the fact that diffusion can be
sampled along discrete spatial directions, from which the direction-
al dependence can be determined and translated into a diffusion
tensor. It was recognized early on that DTI opens up opportunities
for assessing tissues, for which anisotropy can be expected on the
basis of morphology, e.g. brain white matter or muscle.
DW-MRI and DTI are most successful in studies and diagnostics of
brain diseases, such as stroke, multiple sclerosis, and Alzheimer�s
disease1. Outside the brain, DW-MRI is far less successful, mainly
due to experimental difficulties faced in the presence of respiratory
or cardiac motion and short T2 values. Nevertheless DW-MRI has
great potential in skeletal muscle and especially heart muscle stud-
ies2,3.
In this mini-categorical course applications and recent develop-

ments of diffusion imaging of skeletal muscle and heart muscle will
be reviewed and discussed.
In the first part an introduction will be given concerning the basic
principles of diffusion-weighted MR in muscle. Experimental dif-
ferences with DW-MRI of the brain will be discussed.
Next, it will be shown that DW-MRI and DTI allow for a high-res-
olution reconstruction of the orientation of the skeletal muscle
fibers, which represents vital input for mathematical models of
muscle biomechanics and an improved understanding of the con-
tractile dysfunction. Diffusion-weighted magnetic resonance spec-
troscopy can be used to quantitatively measure displacements of
endogenous low-molecular-weight metabolites, yielding informa-
tion on cellular architecture and transport of metabolites on the cel-
lular level.
The last part will deal with diffusion in the heart. DTI provides the
unique opportunity to measure the myofiber structure of the heart,
which plays a critical role in the mechanical function or dysfunc-
tion, and is also closely related to the propagation of electrical ac-
tivity. Examples will be given and recent developments,
concerning in vivo diffusion measurements in the heart will be dis-
cussed.
References:
[1] Horsfield,NMR Biomed.15,570(2002).
[2] Strijkers,Isr.J.Chem.43,71(2003).
[3] Geerts,Am.J.Phys.Heart.Circ.Physiol.283,H139(2002).
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Quantification of regional cerebral blood flow - lessons from
PET
I. Law; Neurobiology Research Unit & Dept of Clinical
Physiology/Nuclear Medicine, Rigshospitalet, Copenhagen, DEN-
MARK.

The most widely used radiotracer in positron emission tomography
(PET) for quantification of the regional cerebral blood flow (rCBF)
is Oxygen-15 labelled water (H215O). With a half-life of 2 min re-
peated independent measures during various physiological and
psychological challenges are possible within a single scan session.
Traditionally an adaptation of the Kety Tissue autoradiographic
method has been used. This, however, is a one-compartment model
and based on a single static scan. Thus, because of the limited spa-
tial resolution the quantified values in cortical grey matter will to
varying degrees be underestimated because of the partial volume
effect. One approach to this problem is to use a dynamic two-com-
partment model consisting of both grey and white matter rCBF, and
for each compartment include a term for the fraction of a region of
interest (ROI) that is perfused, the perfusable tissue fraction. The
rCBF value of putative grey matter has been found to vary within a
range from 0.40 ml/(g min) with the autoradiographic method to
1.00 ml/(g min) using the above dynamic model. Thus, grey matter
rCBF using PET is model (and instrumentation) dependent.
The presentation will go through the foundation of the various
models from a critical viewpoint.
Reference:
Iida H et al (2000) J Cereb Blood Flow Metab 20:1237-1251
Law I et al(2000). J Cereb Blood Flow Metab 20:1252-1263
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Cerebral perfusion in human ischemic stroke 
L. Ostergaard; Department of Neuroradiology, Centre for
Functionally Integrative Neuroscience (CFIN), Aarhus C, DEN-
MARK.

Acute stroke treatment must be started promptly as neuronal dam-
age progresses rapidly after onset of ischemia. Also, there is grow-
ing evidence that treatment must be tailored for the individual
patient to optimise efficacy and avoid serious side-effects (e.g.
haemorrhage after thrombolysis). This represents a challenge to
current diagnostic imaging procedures in acute stroke patients.
First, diagnostic imaging should provide not only rapid, precise di-
agnostic support, but also provide prognostic information to guide
treatment. Secondly, diagnostic imaging should provide the means
for supporting the development of novel pharmaceuticals, by iden-
tifying efficacious drugs in small patient populations.
Diffusion weighted imaging (DWI) provides a powerful tool for
demonstrating cytotoxic oedema in severe ischemia in acute stroke
(Moseley 1990). There is evidence that the water diffusion reduc-
tion (quantified as the apparent diffusion coefficient, ADC) reflect
the severity and duration of ischemia and may indeed be reversible
if tissue is reperfused. DWI may thereby be of diagnostic as well as
prognostic value. With the development of perfusion weighted im-
aging (PWI) by dynamic susceptibility contrast enhanced (DSCE)
MRI, images obtainable on most clinical scanners may elucidate
areas where cerebral blood flow (CBF) and thereby oxygen supply
is compromised to such an extent that subsequent tissue damage is
imminent (Østergaard 1996). Especially, PWI allows measurement
of the blood mean transit time (MTT), a sensitive marker of de-
creased perfusion pressure. The tissue volume showing PWI abnor-
malities often exceed that of abnormal DWI, referred to as
perfusion-diffusion mismatch. This is now known to be a strong
prognostic tool (more than 90% of patients displaying such PWI-
DWI mismatches typically experience lesion growth) (Sorensen
1999). The DWI-PWI mismatch, however, typically overestimate
final infarct size. More recent PWI techniques, measuring quanti-
ties directly related to oxygen metabolism has improved the accu-
rate prediction of final infarct size and location (Østergaard 2000).
The development multiple functional image modalities, all provid-
ing physiological or structural information relevant to subsequent
infarct risk, represents a problem in terms of rapidly extracting rel-
evant, regional prognostic information. This has lead to an effort to
develop so-called prognostic tools. These are algorithms that pro-
vide the user with images of infarct risk, rather that the many, un-
derlying PWI and DWI images (Wu 2001). The algorithms are
trained to predict risk of infarction on a large set of clinical cases in
which acute as well as follow-up images are obtained. The tool
then applies the resulting predictive model on subsequent data set,
estimating infarct risk on a pixel-by-pixel basis. Thereby, highly
specialised diagnosis and individualised treatment planning may
potentially be carried out without the need for extensive training in
interpreting acute functional MRI data.
References:
Moseley, Cohen, Mintorovitch, Chileuitt, Shimizu, Kucharczyk, et
al. Magn.Reson.Med. 14:330-46 (1990)
Sorensen AG, Copen WA, Østergaard L, Buonanno FS, et al. 1999
Radiology 210:519-27 (1999)
Wu O, Koroshetz WJ, Østergaard L, Buonanno FS, et al. Stroke
32:933-42 (2001)
Østergaard L, Sorensen AG, Chesler D, Weisskoff RM, et al. Stroke
31:1097-103 (2002)

Østergaard L, Weisskoff RM, Chesler DA, Gyldensted C, Rosen
BR. 1996. Magn.Reson.Med 36:715-25 (1996)
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The current and future role of Gd-chelates 
C. Catalano; Department of Radiology, Policlinico Umberto I,
Rome, ITALY.

Gadolinium based contrast agents were the first to be developed for
contrast enhanced MR imaging and have been extensively used
throughout the world. All generic contrast agents for MR imaging
are Gd-chelates that present a double compartmental distribution
with an early intravascular phase and an extracellular passage anad
are then eliminated through the kidneys.
More recently the development of new Gd based contrast agents
has changed the biodistribution of the contrast agent with possibil-
ity also to achieve organ specific and particularly liver specific
agents that determine a significant liver enhancement with increase
in S/N and C/N ratios.
Furthermore the possibility to determine a binding of Gd-chelates
with serum proteins also allows to achieve a high intravascular sig-
nal with the opportunity to perform high quality angiographic MR
studies. These agents can also be exploited to obtain information on
tumor neo-vascularization, particularly in some body districts
(breast, etc).
Gd-based contrast agents with high intravascular signal and partial
hepatocellular uptake and elimination through the bile can be used
to perform dynamic and delayed studies in the liver with the possi-
bility to obtain morphological and some functional information.
Gadolinium is now more and more utilized to perform functional
studies and study biological processes by binding them with bio-
logical markers, such as proteins, antibodies and tissue markers.
Therefore they are a starting point to perform molecular imaging
studies with Magnetic Resonance, in the assessment of neoplasms,
inflammatory processes and degenerative diseases, also including
atherosclerotic processes.
In this presentation actual utilization of Gd-chelates will be re-
viewed providing information on clinical and potential applications
in all body districts.
Furthermore there will also be a revision of new clinical and exper-
imental applications of Gd-chelates.

261
Hyperpolarized contrast agents 
K. Golman; R&D, GE Healthcare Bio-Sciences Medical
Diagnostics, Malmoe, SWEDEN.

Introduction: 13C is a natural part (1.1%) of all the carbon atoms in
our body and a part of all organic molecules such as amino acids
and carbohydrates. The developed 13C-imaging technology can take
advantage of using endogenous substances for imaging. This opens
a door to untraditional medical diagnosis. 13C-imaging offers the
possibility to image the pathway of such molecules after injection
into the body.
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Polarization methods: Two 13C polarization techniques have been
developed. In the first method, a hydrogen molecule, in the para-
state, is introduced into the organic molecule in question. By per-
forming a diabatic magnetic field cycling on this highly ordered
spin system we have been able to increase the signal from the small
organic molecule by several orders of magnitude. The method is
fast but only applicable a small range of molecules. The second
method, based on a Dynamic Nuclear Polarization (DNP) process,
is a more general polarisation method. The organic molecule is
mixed with a stable free radical, placed in low temperature environ-
ment (~ 1 K) and exposed to a moderate magnetic field (~ 3 T). The
high degree of polarization of the unpaired electrons is then trans-
ferred to the 13C nucleus in the target molecules.
Imaging methods: The resonance frequency of 13C is, at a given
Bo-field, ~¼ of that of the proton. Consequently, our 1.5 T scanner
used in all imaging experiments has been equipped with a broad-
band extension together with a custom built transmit/receive 13C
coil. Standard proton scans are used in order to select projection an-
gles for the FOV in question. The hyperpolarized 13C CM bolus is
then injected and must, due to the T1-relaxation, be imaged within
a few minutes. In order to take advantage of the long relaxation
times (T1/T2 ~ 120s/10s) fully balanced steady state pulse se-
quences has been used in experiment where no chemical shift in-
formation is needed.
Results and Conclusions: The developed hyperpolarization tech-
niques are able to increase the MRI signal more than 10 000 times,
making it realistic to image the in vivo distribution of the used tar-
get molecules.
The new polarization methods will be described together with im-
ages generated using the new imaging techniques. Proton and 13C
images may in the future be obtained simultaneously.

262
Novel approaches to the imaging of tissue biochemistry 
P. Van Zijl1,2, J. Zhou1; 1Johns Hopkins Univ Medical School,
Department of Radiology, Baltimore MD, MD, 2F.M. Kirby Research
Ctr,, Kennedy Krieger Institute, Baltimore, MD, UNITED STATES.

Despite the abundance of proteins and peptides inside many cell
types, these molecules do not provide intense signals in proton
magnetic resonance (MR) spectra, and little has been studied about
them in vivo. In particular, there have been no magnetic resonance
imaging (MRI) methods to spatially assess mobile proteins and
their properties in vivo. Yet, various lesions may induce changes in
the amount of such proteins and peptides, and in the exchange
properties of their amide protons. One way to study the signals of
such proteins and peptides in the brain and in tumor cells is through
the use of water exchange spectroscopy (1-3). However, one prob-
lem in assessing such compounds is their low concentration, and
the use of such spectroscopy is not trivial in the clinical setting. In
order to increase detection sensitivity and practicality, it would be
useful if these proteins could be detected via the water resonance,
especially for imaging purposes. Because there is exchange be-
tween amide protons of intracellular mobile proteins and peptides
at 8.3ppm and water protons at 4.7ppm, this is possible by using the
chemical exchange saturation transfer (CEST) signal enhancement
approach of Balaban et al. (4,5). When applied in tissue on amide
protons of cellular proteins/peptides, this approach has been called
"amide proton transfer " or "APT" imaging (6,7).
We will demonstrate two applications of APT imaging that are
promising. In the first, the pH dependence of the exchange rate of
the amide protons with tissue water is used to generate a pH image

(6). This can be applied to study ischemia and has the potential to
differentiate between ischemic penumbra regions that will go on to
infarction (i.e. due to impaired oxygen metabolism) from those that
may not. Secondly, some tumors have a high protein/peptide con-
tent. One example of that is the 9L glioma in rat brain. When com-
paring APT imaging of such tumors with standard approaches such
as T1, T2, and diffusion imaging, it was found that the APT image
provided a well-define tumor outline (7).
In this lecture we will outline the principles of this approach and il-
lustrate them with examples.
References:
[1] Mori et al., JMR B 1996,110,96.
[2] Mori et al., MRM 1998,40,36.
[3] van Zijl et al., MRM 2003,49,440.
[4] K. Ward et al. JMR 2000,143,79.
[5] Goffeney et al., JACS 2001,123,8628.
[6] Zhou et al., Nature Med. 2003 9,1085.
[7] Zhou et al. MRM 2003;50;1120.
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Physicochemical characterization of P792 (Gadomelitol,
VistaremR), a Rapid Clearance Blood Pool Gadolinium
Complex 
L. Vander Elst1, I. Raynal2, M. Port2, R. N. Muller1; 1Organic
Chemistry, University of Mons-Hainaut, Mons, BELGIUM,
2Research Department, GUERBET SA, Roissy CdG, FRANCE.

Introduction: P792 (Gadomelitol, VistaremR), a hydrophilic high
molecular weight (MW= 6473 g/mol) derivative of Gd-DOTA is a
rapid clearance blood pool agent (RCBPA) characterized by a high
proton relaxivity at 20 MHz and body temperature [1]. This work
reports a comprehensive physicochemical characterization of this
RCBPA including the number (q) and the residence time (τM) of
the coordinated water molecule(s), the in vitro stability of the com-
plex with respect to transmetallation, the possible non-covalent in-
teraction with blood proteins as well as the parameters describing
the proton relaxation rate.
Subjects and Methods: Proton NMRD profiles were recorded at
310 K on a FCS relaxometer (Field Cycling Systems, Oradell,
USA). Additional data were obtained at 20, 60 and 300 MHz on
Bruker minispecs (PC-120 and mq 60) and on a Bruker AMX-300
spectrometer. τM was obtained from the 17O transverse relaxation
rate (Bruker AMX-300) [2]. Transmetallation by zinc ions was
evaluated as previously described [3]. q was obtained from lumi-
nescence study of the europium complex [4].
Results and Discussion: Luminescence data gave, as expected for
this type of DOTA derivative, a q value close to one (0.87). The sta-
bility of the proton R1 showed that the transmetallation by Zn(II)
ions is negligible. The temperature dependence of the oxygen-17
water resonance gave a τM of 80 ns at 310 K. No significant
change of r1 in HSA solution or in serum was noticed. The proton
NMRD profile of the water solution showed a maximum of relax-
ivity between 20 and 40 MHz (r1~ 40 s-1mM-1). The fitting the pro-
ton NMRD curve by the simple outer sphere and inner sphere
models gives a rotational correlation time of approximately 3 ns ,
an electronic relaxation time at low field of 730 ps, a correlation
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time τV of 26 ps and a τM value larger than reported above.
Conclusions: This new tetrasubstituted macromolecular Gd-
DOTA derivative is very stable with respect to Zn(II) transmetalla-
tion and does not bind significantly to serum proteins. Due to these
properties and its very high relaxivity in the imaging magnetic
fields, this RCBPA is under clinical investigations.
References:
[1] Port M. et al., 2001, Invest. Radiol., 36, 445-454. Port M. et al.,
2001, MAGMA, 12, 121-127.
[2] Vander Elst L. et al.,1997, Magn. Reson. Med., 38, 604-614.
[3] Laurent S. et al., 2001, Invest. Radiol.,36, 115-122.
[4] Beeby A. et al., 1999, J. Chem. Soc. Perkin Trans., 2, 493-503.
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Monitoring angiogenesis at microscopic levels: comparison be-
tween high resolution MRI and optical microscopy
P. A. Wielopolski1, C. F. van Dijke1, M. van Vliet1, T. L. M. ten
Hagen2, A. M. M. Eggermont2, G. P. Krestin1; 1Radiology, Erasmus
MC, Rotterdam, NETHERLANDS, 2Experimental Oncology -
Surgery, Erasmus MC, Rotterdam, NETHERLANDS.

Purpose/Introduction: To provide an extended perspective to the
assessment of angiogenesis by direct correlation between optical
and intravital (fluorescence) microscopy and high resolution mag-
netic resonance imaging (MRI)
Subjects and Methods: 5 rats were prepared with a MRI-compat-
ible dorsal skin-fold window chamber. Rats were anesthetized and
hair removed from their backs. A 2x 12-mm diameter flap of skin is
dissected away, leaving the fascia, and sandwiched between two
frames and fixed with sutures. On both sides the windows are
closed with a 12-mm diameter microscopic cover glass of 0.13-
0.16 mm thickness. Before closing of the surgical site a small piece
of tumor (0.1 mm3) is transplanted in the fascia using a micro-sur-
gical microscope. The tumor was a high grade, highly vascularized,
non-immunogenic BN-175 soft tissue sarcoma. MRI was then per-
formed one week after the implantation procedure for 5 sessions in
a 2 week time period. For each session, Albumin-(biotin)10-
(gadopentetate)35, a macromolecular MR blood pool contrast
agent, was first utilized to visualize blood and the vascular density
around the growing tumor. Magnetivist (Gd-DTPA) was used sub-
sequently to help delineate the tumor mass. For high resolution
MRI, a 2 cm loop receiver was built and positioned over the win-
dow and a 3.0 T scanner (General Electric) utilized for imaging at
72 x 72 x 100 µm3 voxels (17 min, 3D SPGR with
TR/TE/angle=28/4.8/30o- 54 slices). Intravital and optical mi-
croscopy, and macro digital photography were performed for corre-
lation.
Results: Alb-Gd-DTPA35 permitted an accurate delineation of mi-
crovessels, making it possible to demonstrate exquisitely the vas-
cular network around the forming tumor. Gd-DTPA was extremely
useful to aid tumor delineation by providing precise tumor bound-
aries. Intravital microscopy confirmed a very heterogeneous distri-
bution of systematically injected liposomes in the window. Optical
microscopy and macro photography provided exceptional correla-
tion to the vascular signal distribution detected by MRI.
Discussion/Conclusion: Mapping of the developing vascular
tumor bed can be performed in-vivo with high resolution MRI with
accurate correlation to optical and intravital microscopy. The win-
dow model provides a unique opportunity to precisely quantify the
capabilities of diverse MRI contrast agents for the quantification of
tumor permeability, parametrics describing angiogenesis and the
effectiveness of anti-tumor therapy.
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Interventional MR heart imaging using hyperpolarized C-13
J. S. Petersson1, L. E. Olsson1, P. Magnusson1, E. Johansson2, 
C. M. Chai3, M. Karlsson1, K. Golman1; 1GE, Healthcare, Malmö,
SWEDEN, 2Dept. of Radiation Physics, Lund University Hospital,
Lund, SWEDEN, 3Dept. of Experimental Research, Malmö
University Hospital, Malmö, SWEDEN.

Purpose: The para-hydrogen method1 has been used to polarize the
13C atoms in selected water-soluble molecules. The degree of polar-
ization, achieved by recently developed methods, is in the order of
35% which is more than a factor of 105 above the thermal equilibri-
um polarization at 1.5 T. Earlier work has shown the potential of
hyperpolarized 13C substance as a general ECF MR contrast medi-
um2. The aim of the present work has been to demonstrate the po-
tential of using 13C CM during interventional MRI procedure
aiming for real time visualization of catheter movements and the
coronary arteries.
Methods: In all experiments a pig model was applied. Using x-ray
guidance a catheter was placed in the left or right coronary artery.
Standard proton scans where used in order to select optimal projec-
tion angle for the 13C scans. The concentration of 13C in the injected
bolus was 0.5 M. 5 ml was injected at rate of 0.6 ml/s. The in vivo
T1 and T2 of the used substance are 40 s and 5 s, respectively. A
non-gated trueFISP pulse sequences was used to generate a series
of projection images. Pulse sequence parameters where: TR/TE/FA
= 5.2 ms / 2.6 ms / 70o and matrix size = 56 x 128, resulting in a
total scan time of 300 ms per image.
Results: The catheter was clearly visible during the injection. Fig.
a-c show three out of a series of images generated during an injec-
tion into the left coronary artery. The high CNR is clearly demon-
strated. In the last image the 13C-CM depicts the myocardium,
suggesting that it should be possible to simultaneously perform
quantitative measurements of perfusion.
Conclusions: The generated results show that 13C-CM may be used
to visualize the coronary arteries during dynamic interventional
MRI.
References:
[1] K. Golman, O. Axelsson, H. Jóhannesson et al, Parahydrogen-
Induced Polarization in Imaging: Subsecond 13C Angiograph,
Magn. Reson. Med. 2001; 46:1-5.
[2] J Svensson, S Månsson, E Johansson et al, Hyperpolarized 13C
MR angiography using trueFISP, Magn. Reson. Med. In Press.

266
Hyperpolarized 3He diffusion imaging for detection of
emphysema
S. Månsson1, P. Magnusson2, G. Hansson2, I. Erjefält2, 
J. S. Erjefält3, G. Pettersson2; 1Dept. of Experimental Research,
Malmö University Hospital, Malmö, SWEDEN, 2GE Healthcare,
Medical Diagnostics, Malmö, SWEDEN, 3Dept. of Physiological
Sciences, Lund University, Lund, SWEDEN.

Introduction: Over the past years, hyperpolarized 3He MRI has
been used in man and in animals to create images of the ventilation
distribution in the lung. With more elaborate imaging protocols, it
is possible to quantify parameters related to lung structure and
function, such as apparent diffusion coefficient (ADC), pO2, T2*,
and gas exchange, rather than the 3He distribution alone.
Measurement of the ADC has recently been suggested as a novel
method for early detection and monitoring of lung emphysema. To
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reveal the sensitivity of the method to detect airspace enlargement,
the present study compares ADC values with direct histological pa-
rameters of alveolar destruction, in elastase-treated hamsters and in
controls.
Subjects and Methods: After instillation with saline (controls), or
elastase (1, 3, 5, 10, and 2x3 U), the hamsters were tracheotomized
and placed in a 2.4 T Bruker BioSpec MR scanner. The animals
were paralyzed and ventilated by a respirator delivering air or 3He.
The inspiration pressure was 20 cm H2O. 3He ADC was measured
using a 3D FLASH sequence (TR/TE/α = 10/3/15°) with 4 b-val-
ues. After the MRI examination, the lungs were perfused with fixa-
tive and excised for histological analysis. The degree of
emphysema was scored by calculating the relative number of vox-
els with ADC > 0.25 cm2/s. The trachea and bronchii were exclud-
ed from the analysis.
Results: The mean ADC and the emphysema score of the elastase-
treated lungs were significantly and dose-dependently increased,
compared with the controls (elastase groups: 0.17±0.01* to
0.25±0.01*** cm2/s, and 9±2%* to 44±2%***, control group:
0.15±0.01 cm2/s and 2.6±0.2%), Fig 1. The histological analysis
confirmed the dose-dependent increase of emphysema for the elas-
tase groups (mean linear intercept, MLI: 56.4±5.2** to
88.5±6.5*** µm) versus control (35.8±1.0 µm). ADC and MLI
from all animals showed a highly significant correlation (R2 = 0.80,
p < 0.001), Fig 2.
Conclusion: The present findings demonstrate that the non-inva-
sive ADC technique readily can detect and distinguish different de-
grees of emphysema. Hence, ADC appears as an attractive tool to
monitor disease progression and effects of novel therapies in man
and animals.
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3He apparent diffusion coefficient MRI of the lung, a repro-
ducible way to estimate alveolar size?
P. Åkeson1, S. Diaz1, I. Casselbrant2, E. Piitulainen2, 
G. Pettersson3, P. Magnusson4, B. Peterson5; 1Radiology, University
Hospital UMAS, Malmö, SWEDEN, 2Internal Medicine, University
Hospital UMAS, Malmö, SWEDEN, 3Medical Diagnostics, GE
Healthcare Biosciences, Malmö, SWEDEN, 4Biosciences, GE
Healthcare, Malmö, SWEDEN, 5Global RND, Pfizer, Groton, CT.

Purpose: Hyperpolarized (HP) gases have recently been used in
magnetic resonance imaging (MRI) to demonstrate new image-de-
rived pulmonary parameters. One of these is the Apparent
Diffusion Coefficient (ADC), which reflects the size of the struc-
ture that compartmentalise the gas, in this case the size of the alve-
oli within the lung. The purpose of this study was to examine the
reproducibility of the ADC of HP 3He-inhalation MRI.
Subjects and Methods: Ten coronal diffusion-sensitized GRE im-
ages were obtained during breath-hold after inhalation of a stan-
dardized volume 3He-gas mixed with nitrogen in 8 healthy
volunteers and 16 emphysema patients (8 with Chronic Obstructive
Pulmonary Disease (COPD) and 8 with alfa-1-antitrypsin deficien-
cy (A1AT)). Each subject was imaged on 3 separate days within a
6-day period. ADC-images were calculated. Mean ADC per slice
and per subject as well as histograms of the ADC values both per
slice and per subject were evaluated.
Results: The reproducibility of the mean ADC values per subject
was excellent with very small intra-individual variation both in vol-
unteers (mean 0.195-0.247 cm2/sec; SD 0.002- 0.008) (fig. 1) and
patients (mean 0.268-0.505 cm2/sec; SD 0.001-0.252) (fig. 2). The
inter-individual variation was small in healthy volunteers (mean
0.210 cm2/sec; SD 0.020). The sensitivity was good with a position-
al gradient in the supine position, with the mean ADC higher ven-
trally than dorsally, due to the expected gravity dependence. ADC
images were homogeneous in volunteers but demonstrated the ex-
pected variations in emphysema pattern in patients (apical emphy-
sema in COPD-patients versus basal emphysema in
A1AT-patients).
Conclusion: The reproducibility of ADC-values over time was ex-
cellent in both groups with good imaging quality. A clear difference

Fig 2

Fig. 1
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Results: The decay curves could be described as monoexponen-
tials with a biased residue of about 2%. The signal to noise, in the
range of 103 to 104, was high enough to observe deviations from the
monoexponential fit. Fits as sums of exponentials typically gave χ2

lower by one order of magnitude. The resulting discrete time con-
stant distributions were always centred around T2

0, monoexponen-
tial time constant. The decay curves obtained for different
susceptibility contrasts could all be represented on a universal
curve, renormalizing the time axis by T2

0 ; consequently the corre-
sponding distributions remained homothetical.
Discussion and Conclusion: Due to fast gas diffusion, several
alveolar sizes should have been explored during 20 ms. The multi-
exponential behaviour of the decay curves could then reflect some
regional lung variations rather than direct alveolar size distribution.
The self-similarity of the decay curves when varying susceptibility
contrast confirmed that lung filling was indeed well reproduced
and that the distribution of the contrast agent remained homoge-
neous, for decay rates varying by a factor of 3.
Acknowledgements to P. Robert and colleagues from Guerbet
(France) for animal care, and P.-J. Nacher and colleagues for hyper-
polarised gas preparation. Work supported by the EC (PHIL,
QLGI-2000-01559).
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[1] Vignaud A et al [2003] 11th ISMRM #1384.
[2] Guillot G et al [2003] MAGMA 16, S262.
[3] Vignaud A et al [2004] 12th ISMRM.
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A hybride approach to simulate the transverse relaxation
effect of the vascular network
B. F. Jensen1, L. Østergaard1, V. G. Kiselev2; 1Department of
Neuroradiology, Centre for Functionally Integrative Neuroscience
(CFIN), Aarhus, DENMARK, 2Section of Medical Physics,
Department of Diagnostic Radiology, Freiburg University
Hospital, Freiburg, GERMANY.

Introduction: Quantification of perfusion and fMRI data requires
an accurate theory of transverse relaxation in biological tissues.
The available analytical theory is insufficient for dynamic perfu-
sion measurements because it is only valid in two limiting cases of
fast and slow diffusion [1-4]. Monte Carlo (MC) simulations [5]
work in the intermediate regime, but purely numerical simulations
being extremely time consuming cannot efficiently cover a large
parameter space, neither they provide insight into numerous para-
metric dependencies of the relaxation rate. An approach presented
here combines advantages of both analytical theory and MC simu-
lations. It embeds the numerical simulations in the framework of
the existing analytical theory, [2-4]. This yields routines for fast
simulation of the transverse relaxation given the properties of tis-
sue and of the contrast agent present in the blood pool.
Methods: The MR-signal is found in MC simulations of a spin
population around a single vessel, [2-4]. In contrast to previous MC
simulations [6], the number of free parameters in our method is
drastically reduced by accounting for the analytically known struc-
ture of resultant MR-signal. The problem is effectively two-dimen-
sional, since only diffusion in the plane orthogonal to the vessel is
effective. Numerical results are stored in look-up tables and the re-
quested values are found either by interpolation within the table or
by extrapolation outside the table using analytical results.

between healthy volunteers and patients as well as within patient
groups was found. HP 3He ADC MRI seems to be a sensitive yet ro-
bust method for the detection and monitoring of emphysema.
Fig. 1 Healthy volunteer
Fig 2 Patient

268
Self-similarity of CPMG decay curves for hyperpolarised
helium-3 in rat lungs
G. Guillot, A. Vignaud, L. De Rochefort, X. Maitre, E. Durand;
U2r2m, CNRS UMR8081, Orsay, FRANCE.

Purpose: CPMG decay times have been reported for hyperpo-
larised helium-3 (HP-3He) in humans1 or in rats2. The observed sen-
sitivity to lung inflation and to magnetic field intensity was
attributed to the susceptibility difference between gas and
parenchyma. The influence of susceptibility contrast was demon-
strated in rats, by intravenous injection of a superparamagnetic
agent (Sinerem, Guerbet): the HP-3He transverse relaxation time
could increase by a factor of 3, near an optimal concentration close
to the predicted susceptibility match3. In these studies the decay
times were simply deduced from monoexponential fits. We report a
more extensive analysis of the full decay curves.
Experimental: Measurements were performed on anaesthetized
and tracheotomized 6-week old Sprague Dawley rats. Pressure at
the trachea was monitored to obtain a reproducible inflation state.
All experiments were performed on a 1.5 T (SIGNA, GE) scanner.
A CPMG sequence was run at an inter-pulse spacing of 20 ms with
128 echoes. The decay curves were fitted with non-linear least-
squares algorithms (minimization of χ2) either as simple monoex-
ponentials, or as sums of a discrete number of exponential
components.
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Results: The simulation module is constructed for gradient echo
and spin. The spin echo signal for permeable vessels confirmed the
TE

5/2-dependence for short times describing the surface-to-volume
ratio [4], see the figure, where tD is a characteristic time for diffu-
sion. The results are in a good agreement with earlier MC simula-
tions and analytical theory.
The created module was implemented in the perfusion simulation
program developed in [1] which demonstrated a significant overes-
timate of the perfusion parameters at B0=1T. The applicability
range of this program was thereby extended to higher magnetic
fields. The results were presented in [6].
Conclusion: The developed simulation module is fast and accurate
and useful for quantification of various aspects of perfusion meas-
urements [6] using conventional PC.
References:
[1] Kiselev, VG [2001], MRM. 46:1113-1122.
[2] Kiselev, VG, Posse, S [1998], Phys. Rev. Lett. 81:5696-5699.
[3] Yablonskiy DA, Haacke EM [1994], MRM 32:749-763.
[4] Sukstanskii AL, Yablonskiy DA [2003], JMR, 163:236-247.
[5] Boxerman JL et al. [1995], MRM. 34:555-566.
[6] Jensen BF, Østergaard L, Kiselev VG, Abstract submitted to
ESMRMB 2004.
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An analysis of water compartments in excised rat myocardium
J. G. Seland1, H. Anthonsen2, M. Bruvold1, W. Nordhøy1, 
H. Brurok1, P. Jynge1, J. Krane2; 1Department of Circulation and
Medical Imaging, Norwegian University of Science and
Technology, Trondheim, NORWAY, 2Department of Chemistry,
Norwegian University of Science and Technology, Trondheim,
NORWAY.

Introduction: We have investigated compartmentation of water in
excised rat myocardium, and the transfer rate of water molecules
between compartments through addition of intracellular (ic) and
extracellular (ec) contrast agents (CA). We have used novel diffu-
sion-T1 (D- T1) NMR correlation measurements [1], and the Two
Site Exchange (2SX) model [2].
Subjects and Methods: Rat hearts were perfused with Krebs
buffer for 10 minutes, followed by infusion of a CA for 5 minutes
(washin). For an ec CA perfusion ended at this point, while for an ic
CA, perfusion with buffer for 15 minutes followed (washout).
Ventricular myocardium was excised and placed in a NMR tube.
D-T1 correlation measurements were performed using a combined
Saturation Recovery-PGSE pulse sequence. The distribution func-

tion, f(T1, D) can be determined through a Two Dimensional
Inverse Laplace Transform (2D-ILT) of the measured magnetiza-
tion at different inversion times, TI, and different applied gradients
strengths, g.
Results: D-T1 correlation results (Figure 1) demonstrated two
main compartments, assigned to ic and ec water. When CA is
added, the relaxation rates change for both components, while the
diffusivities remain unchanged. A 2SX analysis of water exchange
across the cell membrane showed a slow exchange, with a lifetime
of water on the order of 10 seconds, clearly indicating that the
transport across this membrane is in the slow exchange limit. The
D-T1 results verifies this.
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excised rat myocardium two main water compartments is clearly
identified. A 2SX analysis show that the exchange rate between the
compartments is on the order of 0.1 Hz.
References:
[1] MD. Hurlimann and L. Venkataramanan, J. Magn. Reson.., 157,
31, (2002).
[2] C. Labadie et al. J. Magn. Reson. Series B, 105, 99, (1994).

Scientific Session
11:20 am - 1:00 pm Falconer Scenen

RF hardware and parallel imaging

271
Ghost artifact suppression using parallel imaging
R. Winkelmann1, P. Boernert2, O. Doessel1; 1Institute for
Biomedical Engineering, University of Karlsruhe, Karlsruhe,
GERMANY, 2Technical Systems, Philips Research Laboratories,
Hamburg, GERMANY.

Introduction: If MR-imaging is performed using several receive
coils simultaneously, the acquired data exhibit some redundancy.
This redundancy or over-determination can be used in a dedicated
SENSE reconstruction to check the data conformance and to re-
move ghost-type artifacts in the final image. This abstract is a proof
of principle for such an approach.
Methods: Ghost artifacts are spurious signals appearing in an
image displaced from their original position. In other words, the
ghosting signal has a sensitivity encoding corresponding to its ori-
gin. Thus, a voxel disturbed by a ghost leads to the signals c re-
ceived by the different coils:

(1)
where ρ denotes the spin densities, S its sensitivity weights. The su-
perimposed artifact δ is weighted by the sensitivities S� of its spa-
tial origin r�. ρ and δ can be determined by calculating the extended
pseudo-inverse of Se, if Se is not underdetermined.

(2)
The method performs an ordinary SENSE reconstruction [1] for
each voxel of the reduced coil images and checks its conformance
with a normalized Χ2-test using the incomplete gamma function Q
[2]. A systematic error is considered in voxels with low Q, where
the �extended SENSE� reconstruction with Se is triggered. It is
performed iteratively by minimizing its Χ2-deviation, depending on
r�. Finding the correct artifact origin r� ensures a maximum separa-
tion of δ. A problem is related to the inversion of Se. As additional
columns are added, Se may become ill conditioned resulting in a
noise amplification similar to the geometry factor in SENSE [1].
Results: Images were obtained on a 1.5T scanner (Philips Medical
Systems) using a five element array by means of a TFE-sequence

Figure 1: D-T1 correlations for water in excised rat myocardium.
From top to bottom; Perfusion with Krebs buffer only, infusion of
100 µM MnCl2 , 0.2 mM Gd-DTPA-BMA, and 1.0 mM Gd-
DTPA-BMA.
When Gd-DTPA-BMA is added (Figure 2), the relaxivity of the ec
component change systematically, until it has a relaxation rate
which is lower than the corresponding ic component.

Figure 2: Measured T1 values as a function of CA concentration.
Perfusion with Gd-DTPA-BMA (top), and perfusion with MnCl2
(bottom).
Conclusion: Using novel D-T1 experiments we have shown that in
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(voxel size: 1.4x1.4x10 mm3, TR/TE: 7/4) and a reduction factor
R=1.6. Ghosts are removed applying the extended SENSE recon-
struction (see fig.1).

Discussion & Conclusion: Compared to a simple sum of squares
combination, a SENSE or phased-array reconstruction [3] already
reduces the ghost intensity [4], while the presented �extended
SENSE� reconstruction can remove it completely. The origin of the
artifact is found in an iterative procedure, which is applied only to
disturbed voxels. The reconstruction method does not affect the
scanning procedure and therefore represents a useful tool for sever-
al parallel imaging sequences.
References:
[1] Pruessmann KP et al. [1999] MRM 42:952-962.
[2] Press WH et al. [1992] Cambridge University Press.
[3] Roemer PB et al. [1990] MRM 16:192-225.
[4] Kellman P et al. [2004] MRM 51:408-412.
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CAIPIRINHA-TrueFisp for accelerated multi-slice parallel
imaging
C. Bretschneider, F. Breuer, M. Blaimer, P. Schmitt, M. Mueller,
M. Griswold, P. Jakob; Physikalisches Institut, Universität
Würzburg, Würzburg, GERMANY.

Introduction: A new application for multi-slice parallel imaging
using TrueFisp[1] combined with CAIPIRINHA[2] is presented.
The purpose was to merge the advantages of both, the high SNR ef-
ficiency and contrast behaviour of TrueFisp and the reduced ac-
quistion times and SNR benefits of CAIPIRINHA.
Theory and Methods: Normal CAIPIRINHA uses a phase cycle
similar to POMP[3] to shift simultaneously excited slices with re-
spect to each other. It has been shown that the SNR was increased
compared to sequential parallel multislice methods[2]. Since
TrueFisp also requires a RF-pulse phase cycle, it is not trivial to
shift simultaneously excited slices with respect to each other by
using a POMP-type RF-pulse cycle. In order to solve this problem
the basic sequence setup shown in figure 1 was used. This constist-
ed of two blocks acquiring the odd and even lines of the final k-
space. The first block used an RF-pulse which excites two slices
simultaneously with parallel phases while the second block con-
tained an RF-Pulse which excites the same slices with anti-parallel
phases. The magnetisation is flipped back into the longitudinal
plane to save the steady-state between these acquisition blocks[4].

The experiments were performed on a Siemens Vision 1.5T whole
body scanner using only a 4-channel body-array. The sequence was
a modified TrueFisp with TR=6.32ms, TE=3.0ms, FOV=350mm,
∆x=10mm, matrix=192x256, α=70° and with 40mm distance be-
tween the transversal slices.
Results: The oscillations at the beginning and between the RF-
pulses were minimized and the system remained in the steady-state.
For in vivo use, the sequence was extended to three slices.
Figure 2 shows the full FOV reference image (A), the accelerated
(R=3) and reconstructed multi-slice image (B), and the total SNR
loss (C) for a three slice experiment. A good image quality at accel-
eration factor three was reached using a non-optimized 4-channel
body-array.
Discussion: A succesful combination of TrueFisp and CAIPIRIN-
HA was introduced. It is now possible to use the advantages of
CAIPIRINHA in all fields of NMR application in which TrueFisp
has shown its usefulness in the past (e.g. cardiac, abdominal, etc.).
Acknowledgement: This work was granted by DFG JA 827/4-2
References:
[1] Oppelt,Electromedica[1986],54:15-18.
[2] Breuer,Proc.ISMRM[2003]:18.
[3] Glover,JMRI[1991]:(1)457-461.
[4] Scheffler,MRIM[2001],45:1075-1090.

Fig. 1: The sequence setup included th two multislice RF pulses
with their phase cycles. The first block (odd lines) contained a RF
pulse with excites the slices with parallel phase. The second block
(even lines) contained a RF pulse which excites the same slices
with anti-parallel phases.

Fig. 2: (A) The full FOV reference, (B) the reconstructed (R=3)
CAIPARINHA image and (C) the total SNR loss for three slice
TrueFisp experiment.
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Parallel MRI without a priori information using the GRAPPA-
Operator formalism and correlation statistics
M. Blaimer, F. Breuer, M. Mueller, R. M. Heidemann, 
M. A. Griswold, P. M. Jakob; Physikalisches Institut, Universität
Würzburg, Würzburg, GERMANY.

Introduction: In general, all parallel MRI methods are based on a
priori information for coil sensitivity calibration and therefore ad-
ditional scan time is necessary to acquire this data. In this abstract it
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is shown that in principle the coil sensitivity information can be ex-
tracted directly from the undersampled data set without additional
a priori information using the GRAPPA-Operator formalism and
correlation statistics.
Methods: In the GRAPPA-Operator formalism [1], k-space signal
of a coil array with N coils can be shifted from an arbitrary position
k to position k+∆k by applying an appropriate set of coil weights
G1 (N x N matrix). For a shift to position k+2∆k another set of
weights G2 is used, which can be expressed by the square of G1
(Figure 1). Furthermore G1, which is necessary for the reconstruc-
tion of an undersampled data set (R=2), can be expressed by the
square root of G2. This calculation is not trivial, because an (N x N)
matrix provides multiple square roots, but only one solution is ap-
propriate for an artifact free reconstruction [2].
A non-sophisticated way to find the optimal solution is by recon-
structing images for all possible square roots and computing the
correlation between first and second half of the FOV along the
phase encoding direction. Reconstructions with appropriate coil
weights should have minimized artifacts and low correlation coef-
ficients (Figure 2).
Results: This concept was evaluated using a fully sampled data set
from a 3T whole body scanner (Siemens, Erlangen, Germany) with
an 8 channel head coil array. Every second phase-encoding line
was removed to simulate a reduction factor R=2 and G2 was calcu-
lated. In total 64 square roots of G2 were computed and for every
solution images were reconstructed. For each coil, the reconstruc-
tion with minimal correlation coefficient between first and second
half of the FOV was chosen and then combined using an adaptive
reconstruction [3] to obtain the final image (Figure 3).
Conclusions: In this work it was demonstrated that it is feasible to
use the GRAPPA-Operator formalism and correlation statistics to
derive the reconstruction parameters directly form the undersam-
pled data set without a priori information. Future work will focus
on an improved calculation of G2 and improved time-efficiency.
Acknowledgements: This work was funded by the DFG JA 827/4-2.
References:
[1] Griswold MA, et al. Proc ISMRM 2003:2348.
[2] Blaimer M, et al. Proc ISMRM 2004:2417.
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2-Channel Transmit Receive Phased-Array-Coils for Multi-
Channel Multi-Nuclei 1H, 23Na and 31P MRI and MRS at 17.6 T
D. Gareis, T. Neuberger, V. C. Behr, C. Faber, M. Griswold, 
A. Haase, P. Jakob; Department of Physics, EP5 (Biophysics),
University of Würzburg, Wuerzburg, GERMANY.

Synopsis: Array coil imaging is a popular technique in whole-body
MRI scanners but has been seldom implemented in narrow-bore
high field applications. In this work three transmit-receive phased
arrays for 1H, 23Na and 31P used at 17.6 T were built to examine the
feasibility of using these arrays at those high fields.
Concepts and Design: The coils were designed for a Bruker
Avance 750 spectrometer with a field strength of 17.6 T and a
cylindrical sample volume with an inner diameter of 38 mm.
The arrays were built with an inner length of 35 mm and a width of
44.8 mm, which corresponds to a segment of about 130°. The de-
coupling of adjacent coils was done by a variable decoupling-ca-
pacitor on the common conductor of the two surface-coils (fig.1).
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The design of the three arrays for 1H, 23Na and 31P is similar. An iso-
lation of 35 dB between the two loops could be reached with a
100mmol NaCl-Phantom of 30mm outer diameter placed directly
in front of the array. Unloaded Q was about 155, loaded about 85.
The coils could be driven simultaneously to provide an area of rel-
atively high transmit homogeneity using two cables of different
length to provide a relative phase shift between the coils. Figure 2
shows simulations of the B1-homogenity with phase differences of
40° and 150° (1% B1-change between 2 contours).

The area with best homogenity changes depending on the phase
shift.
Results: Images were simultaneously acquired with two receivers
and showed essentially no coupling between the two channels
(fig.3).

There is an area between the loops where both deliver appropriate
signal and a combination of the acquired data provides an SNR-
gain compared to a single-channel birdcage-volume-resonator
(fig.4).

The arrays are most suitable for objects near the coils with a pene-
tration of up to 2 cm. However the depth of the optimized area can
be shifted depending on the phase between both channels provided
by different cables. Figure 5 shows a sodium phantom image.

Conclusion: It was shown that phased-arrays can be applied in
very high field setups. All three arrays delivered high quality im-
ages and can now be employed in routine experiments. The animal
handling system should allow reproducible repositioning of the an-
imal within each of the different arrays, so that true multinuclei
studies could be performed with these arrays in separate imaging
experiments.
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Considerations for a Double Spiral 16 Channel Routine Head
Array Coil with a Common End Ring for Enhanced 3D
Parallel Imaging at 1.5T
M. Mueller, F. Breuer, M. Blaimer, R. Heidemann, A. Webb, 
M. Griswold, P. Jakob; Physikalisches Institut, Universität
Würzburg, Würzburg, GERMANY.

Introduction: In the last years receiver banks providing up to 64
channels have been developed[1]. To date, standard planar surface
coil arrays have primarily been used for these receiver chains.
Though they provided impressive results[2] they are limited to sur-
face applications. Recent investigations presented a double spiral
coil array design as a promising set-up for a head array coil with
many channels[3]. The goal of this work is to determine how many
channels are reasonable and how the SNR could be optimized for
such a design.
Methods: Several coil elements according to array coil set-ups
with 8, 16 and 24 channels were constructed (Figure1). They were
built on a G10 tube with a diameter of 28cm and a length of 28cm
using 8mm copper tape. By determining the Q factor ratio and the
relative B1 field strength in the middle of the cylinder the perform-
ance of various array sizes could be estimated.
Furthermore different conductor designs were surveyed (Figure 2)
and various set-ups for the active decoupling network were probed
for optimizing the SNR performance for such a double spiral array
(Figure 3).
Finally a new common end ring design was used to increase the in-
trinsic SNR of a double spiral array coil (Figure 4).
Results: A double spiral array with up to 16 channels could provide
a reasonable performance in terms of SNR and B1 penetration
depth (Table 1). Larger arrays suffer due to a smaller effective ele-
ment area for the magnetic flux. Alternative conductor set-ups did-
n�t increase the performance of the coil elements (Table 2).
Regarding active decoupling network set-ups there is always a
tradeoff between decoupling efficiency and additional coil losses
(Table 3). Thus a common end ring design was used to gain intrin-
sic SNR by decreasing the distance of the outer spiral array to the
sample and increasing the decoupling of the coil elements.
Conclusion: A double spiral head array coil with up to 16 channels
provides a reasonable performance. Different conductor designs
and exact active decoupling set-ups couldn�t improve this fact sig-
nificantly. The SNR performance could be increased by a common
end ring design. However, in general a new head array coil design
is needed for more receiver channel.
References:
[1] Brown et al, ISMRM 2002.
[2] Wright et al, Proc., 2002 IEEE/EMBS Ann.Symposium.
[3] Mueller et al, ISMRM 2003, #2340.
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827/4-1.
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Radio frequency coil for optimal 13C sensitivity in the human
brain at 3T
D. W. J. Klomp1, W. K. J. Renema1, M. Graaf, van der1, 
B. Galan, de2, A. P. M. Kentgens3, A. Heerschap1; 1Radiology,
University Medical Center Nijmegen, Nijmegen, NETHERLANDS,
2General Internal Medicine, University Medical Center Nijmegen,
Nijmegen, NETHERLANDS, 3Physical Chemistry, NSRIM center,
University of Nijmegen, Nijmegen, NETHERLANDS.

Introduction: 1H decoupled 13C MRS of the human brain is both
limited by sensitivity and SAR. So far, the best coil design to be
used is a small linearly polarized 13C-coil with a circularly polar-
ized 1H-coil [1]. We propose a coil setup that substantially im-
proves the sensitivity. Firstly, a homogeneous volume coil is used
for efficient 1H decoupling leading to minimized local RF absorp-
tion. Secondly, the size of the 13C-coil is increased to cover more
volume of the brain. Finally the 13C-coil operates in a circularly
rather than linearly polarized mode.
Materials and Methods: A shielded 16-leg birdcage coil is used
for homogeneous 1H decoupling. Two slightly overlapping,
anatomically shaped, 13C-coils with a diameter of 13 cm are con-
structed with loss-less 1H blocking circuits and driven in quadrature
(fig. 1a). This setup (a) is interfaced to a clinical 3T MRI system
(Trio, Siemens, Erlangen). Both SNR and SAR are compared with
the concept (b) described by Adriany and Gruetter, using equal 13C-
coil diameters (Fig. 1b). The gain in SNR is determined using
phantom measurements at a distance of 6 cm from the 13C-coils at
equal loading conditions as in vivo. SAR is estimated by calcula-
tion using the measured B1 fields in vivo. The overall quality of the
setup is demonstrated by 13C detection with broadband 1H decou-
pling after an euglycemic infusion of 30% 13C labelled glucose.

Results: B1 profiles of both 1H-coils of configuration concepts a
and b were measured in vivo by using two gradient echo sequences
with a single and double flip angle (Fig 2). The power required for
a 500µs rectangular 90 degree pulse at a depth of 6 cm is 123 W for
concept a and 69 W for concept b. However, the local SAR of con-
cept b, which is estimated by integration of B1

2 per tissue gram, is
three times higher than concept a. Phantom measurements showed
a 40% SNR improvement (concept a versus b) as is expected from
the linearly versus circularly polarization theory. The performance
of concept a for in vivo measurements is illustrated by the 13C spec-
trum in figure 3.

Conclusion: We have shown that at 3T a volume headcoil can be
used for efficient broadband 1H decoupling in 13C experiments
within SAR guidelines. This opens the way for the implementation
of volume optimized 13C-coils with improved SNR as compared to
conventional designs.
References:
[1] G.Adriany and R.Gruetter, J.Magn.Reson.1997;125:178-184.
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Multiple excitation strategies for imaging at ultra high field
A. Magill, P. Glover; Sir Peter Mansfield Magnetic Resonance
Centre, Nottingham University, Nottingham, UNITED KINGDOM.

Introduction: At high frequency, conventional volume coils pro-
duce inhomogeneous B1 fields inside the human head (1).
Improvements may be made by adjusting rung currents (2,3) but
multiple current sources will always produce interference. We pres-
ent an alternative strategy using multiple transmit elements, excited
in sequence rather than simultaneously.
The B1 field produced by a conventional volume coil can be con-
sidered as the superposition of the fields generated by each coil el-
ement. At high frequencies, these fields will have a significant
phase shift across the VOI, leading to interference when they are
superimposed. We propose using a BURST style sequence (4) to
excite coil elements in sequence (figure 1) to generate a net 90°
pulse. This will enable us to separate signals due to excitation by
different coil elements (i.e. without interference). Received signals
can then be combined using parallel reconstruction methods such
as SENSE (5).
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Figure 1: BURST imaging sequence.
Methods: The Transmission Line Matrix method (6) was used to
simulate B1 fields generated in the HUGO head model. A four ele-
ment coil was simulated, each element driven by a 300MHz current
source at its center. Simulations were run to generate rotating B1+
field maps produced by each element.
Results: Figure 2 shows the B1+ field generated by (a) a single coil
element, (b) combining fields in quadrature (showing strong inter-
ference) and (c) combining the magnitudes of individual B1+
fields. Removing phase effects produces a more uniform B1+ field,
reducing the standard deviation over the brain from 41% to 20%.

Figure 2: B1+ field generated by (a) single coil element, (b) com-
bining fields in quadrature and (c) combining field magnitudes.

Figure 3: Cross sections of fields shown in figure 2.
Discussion: A BURST style sequence allows excitation from each
coil element individually, with no additional time penalty. BURST
also has the benefit of reducing SAR. Following excitation, any GE

readout sequence can be used, such as EPI.
These initial results suggest this approach is feasible, and could
offer significant improved B1 homogeneity. We will next run Bloch
simulations, using the B1 field maps presented, to model spin evo-
lution during an imaging sequence.
References:
[1] Collins CM, et al [2003] ISMRM 11:2391.
[2] Ibrahim TS, et al, [2001] MRI 19:1339-1347.
[3] Ledden P [2003] ISMRM 11:2390.
[4] Hennig J, Hodapp M [1993] MAGMA 1:39-48.
[5] Pruessmann K, et al [1999] MRM 42:952:962.
[6] Christopoulos, C [1995] Transmission-Line Modeling Method,
IEEE Press.
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Development of a Radio Frequency Coil Apparatus for Field-
Cycled Fluorine Electron Double Resonance Imaging 
A. Modica1, D. J. Lurie2, M. Alecci1; 1INFM and Dipartimento di
Scienze e Tecnologie Biomediche, Università dell'Aquila, L'Aquila,
ITALY, 2Department of Bio-Medical Physics and Bio-Engineering,
University of Aberdeen, Aberdeen, UNITED KINGDOM.

Introduction/Purpose: There is interest in obtaining fluorine
(19F) MRI images [1] at low magnetic field (10-60 mT) using the
Overhauser effect. It has previously been shown that an amplifica-
tion of the 19F MRI signal can be observed from regions of a 19F-
containing sample where an interaction of the 19F nucleus with a
paramagnetic solute is established [2].
Our aim was to develop a radio frequency (RF) coil assembly for
59mT Fluorine Electron Double Resonance Imaging (FEDRI) and
to test the RF apparatus with a three-line free radical (TEMPOL)
dissolved in Trifluoroethanol (TFE).
Methods and Results: To minimize RF power deposition in the
sample, during the EPR irradiation, we have used a FEDRI tech-
nique which is related to Field Cycled PEDRI (FC-PEDRI) [3]. To
obtain 19F and 1H images we designed an RF coil assembly
(Fig.1), comprising an Aldermann-Grant resonator for EPR irradia-
tion at 127.7 MHz (evolution field 4.5mT) and a solenoidal coil for
19F and 1H MRI signal detection at constant field (59mT). For the
latter purpose a removable tuning/matching box that allowed the
solenoid to be tuned to the 19F frequency (2.346MHz) or the 1H
frequency (2.494MHz) without removing the sample was built.
FC-PEDRI and FC-FEDRI images were obtained by using two
sample tubes (3ml) containing 2mM and 5mM solutions of TEM-
POL dissolved in TFE. The TEMPOL was used to enhance the
NMR signal of the 1H nuclei (PEDRI images) or 19F nuclei
(FEDRI) via the Overhauser effect. The FC-FEDRI and FC-PEDRI
images are shown in Fig.2. The measured SNR of these images was
about 6. The measured FC-FEDRI Overhauser Enhancement (OE)
value was about -0.19 and the FC-PEDRI OE value was about -
0.58.
The FC-FEDRI/FC-PEDRI images show higher enhancements in
the samples containing TEMPOL at higher concentration. In both
cases the images derive from the interaction of the paramagnetic
probe (TEMPOL) with nuclei contained in the same molecule
(TFE).
Conclusions: We have developed an RF coil assembly suitable for
FEDRI/PEDRI studies and have demonstrated the feasibility of ac-
quiring FC-FEDRI and FC-PEDRI images at a constant detection
field of 59mT. The co-registration of our FC-FEDRI and FC-
PEDRI images is the first step toward the acquisition of morpho-
logical and physiological images in animal models at low field.
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References:
[1] Bachert P [1998] Prog. Nucl. Mag. Res. Sp. 33:1-56.
[2] Murugesan R et al. [2002] Mag. Res Med. 48:523-529.
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In vivo neuroanatomy of the songbird brain, visualized
through diffusion tensor imaging
M. Verhoye1,2, G. De Groof1, V. Van Meir1, I. Tindemans1, 
A. Leemans2, A. Van der Linden1; 1Biomedical Sciences, Bio-
Imaging Lab, UA, Antwerp, BELGIUM, 2Physics, Vision Lab, UA,
Antwerp, BELGIUM.

Introduction: The neural substrate for song behaviour in song-
birds, the so called song control system (SCS), is thus far the best
documented brain circuit to study seasonal neuroplasticity. Not
only the volume of the song control nuclei (SCN) HVC, RA and X
change in size, but also the density of the connections between
them change as a function of seasonal and hormonal influences.
Changes in volumes of SCN were determined using MEMRI1,2.
This study explores the potentials of in vivo Diffusion-Tensor MRI

(DTI) to visualize the connections of the SCS in starling brains. In
a later stage, we hope to quantify these connections.
Methods: In vivo DTI on starling (N=10) was performed on a 7T
MR system (MRRS, UK). Sagittal slices (thickness 0.4mm) were
obtained covering one hemisphere of the starling brain. DW-SE im-
ages were obtained with diffusion gradients applied in 7 non-
collinear directions. The b-matrices were calculated using the
analytical expressions3 incorporating diffusion gradients (70mT/m,
δ 12ms, ∆ 20ms) and image gradients. Additional image parame-
ters: FOV 25mm, TE 43ms, TR 2200ms, acquisition matrix
(256x128), 14 averages. The 6 DW-images were coregistered to the
non-DW image by maximization of mutual information. Diffusion
tensor and Fractional Anisotropy (FA)-maps were calculated, and
brain structures4 were assigned on FA-maps.
Results: The FA maps (see figure) illustrate the fibertracts connect-
ing HVC with RA and with X (partially along Mesopallial lamina
(LaM)), accomplishing the goal of this study. Unexpectedly, the FA
maps also displayed SCN e.g. RA, X, nuclei of the auditory and vi-
sual system (e.g. Chiasma opticum (CO)) and the different laminae,
white fibre layers subdividing the telencephalon (LFM, LFS, LPS,
LaM).
Conclusion: The FA maps allowed us to visualize part of the SCS
and their connection and therefore seems at first sight a non inva-
sive alternative for MEMRI to study seasonal changes of the song
nuclei. However there are some drawbacks related to 1) the long
measuring and concommitant aneasthesia time (8 hours) and 2) the
resolution limitations due to the multislice nature of the method,
which make it difficult to acquire the desired information in very
small song birds. Therefore DTI can be considered as an excellent
complementary tool to MEMRI in songbird brain research.
References:
[1] Van der Linden et al. (2002), Neuroscience 112:467-474.
[2] Van Meir et al. (2004), NeuroImage 21:914- 923.
[3] Mattiello et al. In: Le Bihan. Diffusion and perfusion magnetic
resonance imaging. (1995):77-90.
[4] Reiner et al. (2004), J.Comp.Neurol. 473:377-414.
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Slow Diffusion Tensor Imaging (SDTI) provides enhanced
anisotropy and tractography in human brain 
C. A. Clark1, T. R. Barrick1, S. C. R. Williams2, G. J. Barker2;
1Cardiac and Vascular Sciences, St. George's Hospital Medical
School, London, UNITED KINGDOM, 2Imaging Sciences,
Institute of Psychiatry, London, UNITED KINGDOM.

Purpose: We demonstrate that the slow diffusion tensor (deter-
mined between b=2000 and 3000 s mm-2) (1) exhibits enhanced
diffusion anisotropy and white-grey matter contrast compared with
the fast tensor (determined between b=0 and 1000 s mm-2) and the
intermediate tensor (determined between b=1000 and 2000 s mm-2).
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We also show that the slow tensor is advantageous for tractography
of white matter structures of the brain, providing longer track
lengths for a given anisotropy and angular threshold.
Methods: Five healthy volunteers were scanned on a 1.5T General
Electric Signa MRI system with a maximum field gradient strength
of 40 mT m-1. b values of 1000, 2000 and 3000 s mm-2 were ob-
tained for each of 12 gradient directions following three acquisi-
tions with b=0 s mm-2. Slices were 5 mm thick with an image
matrix of 96 by 96 and field of view of 24 cm, 5 averages were ob-
tained giving an imaging time of 15 mins. Subvoxel tracking was
performed by interpolation of the tensor field as described previ-
ously (2). Vector step lengths of 1 mm and angular threshold of 45°
were used. Tracking was initiated in every voxel of the brain with
FA above 0.15 and maps of track length were synthesised in which
a grey level was assigned to each voxel based on the length of the
track passing through the voxel.
Results & Discussion: Maps of the fast, intermediate and slow
MD and FA maps are shown in the figure, panels a to f respectivley.
Track length images for the fast, intermediate and slow tensors are
shown in panels g to i. Slow FA was found to be 33% higher than
the fast FA in the internal capsule and thalamus.
Whole brain tractography indicated that the slow tensor provided
the longest track lengths for given angular and anisotropy thresh-
olds. Overall the results indicate that in addition to providing mean
diffusivity contrast between white and grey matter, the slow tensor
provides enhanced anisotropy and tractography in the human brain.
These findings appear to be consistent with the general hypothesis
that the slow tensor is a more sensitive marker of tissue structure
than the conventional fast tensor.
References:
[1] Clark et al, Magn Reson Med 2002; 47 623-8.
[2] Barrick and Clark, ISMRM 2002; 2158.
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Fiber-tracking in asphyxiated newborns at birth and at 3
months
C. Pul1, A. Vilanova2, J. Buijs3, G. Roos4, P. Wijn5; 1Applied
Physics, Eindhoven University of Technology, Eindhoven,
NETHERLANDS, 2Biomedical Engineering, Eindhoven University
of Technology, Eindhoven, NETHERLANDS, 3Neonatology,
Maxima Medical Center, Veldhoven, NETHERLANDS, 4Radiology,
Maxima Medical Center, Veldhoven, NETHERLANDS, 5Clinical
Physics, Maxima Medical Center, Veldhoven, NETHERLANDS.

Introduction: In asphyxiated newborns, white matter fiber struc-
tures might be disturbed due to hypoxic-ischemic injury. We inves-
tigated which fiber structures are visible with fiber-tracking1,2 in
newborns at term age with and without pathology. The pathology
group was reexamined after three months. We developed a method
to quantify dimensions of fiber structures.
Subjects and Methods: Full-term newborns, 6 with normal MRI
and 7 with pathology related to perinatal asphyxia (Table 1) were
included. Diffusion Tensor Imaging was performed (b-values:0-
400-800s/mm2, 6 directions) with single-shot-EPI (Philips
Gyroscan 1.0T) in 3½ minutes (20 slices,1.56x1.56x3mm). We
used our in-home developed fiber-tracking program3 with
anisotropy and angle as stopping criteria. Seed-point selection was
done by user-defined Regions-Of-Interests (ROIs), or by filling the
whole domain: volume-tracing. The �AND�-criterium2 was used to
select fibers passing through the posterior limb of the internal cap-
sule (PLIC). Average PLIC-fiber lengths and volumes of all pixels
through which fibers pass were calculated.
Results: Fig.1 shows fiber-tracking results in a normal newborn
using 1A: five ROIs and 1B: volume-tracing. Corpus callosum
(CC:red, partly visible), corona radiata (CR:blue), optic radiation
(OR:green, posterior) and cingulum (above CC, green) are visible.
Fibers traced in areas with artifacts clutter the volume-traced
image. Fig.1C shows a newborn with a large infarct at birth and 1D
at three months. The arrows indicate loss of fibers in CR, among
other affected structures: CR (patient #2,4,5,6), CC:splenium
(#5,6,7), OR (#4,5,6,7). PLIC-fiber length in normals, using Cl-
anisotropy=0.12 as stopping criterium, is 26±4mm, with a volume
of 3128±987mm3 for both hemispheres. The fiber length depends
linearly on Cl between Cl=0.08 and Cl=0.16. Fiber length and vol-
ume can be compared between hemispheres and newborns when
the same stopping criteria are used. In pathology, fiber lengths are
reduced in 3 patients (Fig.2A, values outside the gray area) and
fiber-volumes are reduced in 4 (Fig.2C). At 3 months, fiber lengths
and volumes are increased. Abnormalities are still observed in 2
(Fig.2B,D). Normal values for comparison are not available.
Discussion and Conclusion: Several fiber structures in the new-
born brain can be visualized before myelination4. In newborns with
pathology, the absence of fibers can be detected using fiber-track-
ing. Volume-tracing offers user-indepedent fiber-tracking but suf-
fers from information cluttering. On the other hand, ROI tracing
requires prior knowledge. Quantification of lengths and volumes of
PLIC-fibers might be useful to detect pathology.
References:
[1] Mori S etal.[2002] NMRBiomed.15:1-14.
[2] Wakana S etal.[2004] Radiology230:77-87.
[3] Vilanova A etal.[2004] to-be-published:Joint-EG/IEEE-TCVG-
VisSym2004.
[4] Volpe JJ.[1995] Philadelphia:WB-Saunders-company.
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Ischemia induced ADC changes exceed cell swelling induced
ADC changes in a rat hippocampus model 
C. Pul1, W. Jennekens1, K. Kopinga1, P. Wijn2; 1Applied Physics,
Eindhoven University of Technology, Eindhoven, NETHER-
LANDS, 2Clinical Physics, Maxima Medical Center Veldhoven,
Veldhoven, NETHERLANDS.

Introduction: Apparent Diffusion Coefficient (ADC) measure-
ments are common practice in clinical stroke studies1. However, the
origin of the observed ADC decrease in the acute phase following
ischemia is not well understood. We investigated ADC changes due
to cell swelling and due to ischemia in tissue slices of the rat hip-
pocampus, a frequently used in vitro model for ischemia2 that can
be studied with NMR3.
Subjects and Methods: In this study, which is approved by the
Institutional Animal Care and Use Committee of the Maastricht
University, rat pups (8-12 days) are sacrificed, hippocampi extract-
ed and cut into 500µm slices. Tissue slices are kept viable (verified
by confocal microcopy) in an in-home developed chamber using a
perfusion setup with artificial cerebrospinal fluid (aCSF).
Diffusion Tensor Images (DTI) of 4 to 6 hippocampal slices are ac-
quired simultaneously using a 4.7 Tesla system (Oxford magnet,
Doty insert, in-home developed RF-coil and software). During
measurements, aCSF flow is stopped. Cell swelling and ischemia
are induced through aCSF perturbations: osmolarity changes or
oxygen-glucose deprivation. For post-processing, Mathematica® is
used. DTI parameters are evaluated in regions-of-interest (ROIs)
drawn in slices with the highest signal-to-noise ratio.
Results: Ex vivo, a high resolution (63x63x450µm) ADC-map and
color-coded anisotropy-map of the hippocampus can be acquired
(Fig.1A,B). Fig.1D shows an ADC-map of 5 adjacent living hip-
pocampal slices with a resolution of 140x140x450µm. Fig.2A,B
displays results (averaged over 4 slices) of 3 different rats. In hypo-
osmolarity (rOsm=80%), the ADC decreases by 10-20% and the
anisotropy (FA) slightly increases. Inducing more cell swelling
(rOsm<80%) causes an increase in ADC and a decrease in FA due
to cell damage. Ischemia results in much larger ADC decreases (up
to 40-50%) within 2 hours after onset (Fig.2C, symbol 2). In con-
trol slices, the ADC decreases by ~8-10% in 8 hours (2C,1). Using
only glucose deprivation, the ADC drops to the same level as dur-
ing ischemia, but much slower (2C,3&4).
Discussion and Conclusion: High resolution DTI proves
anisotropy in the hippocampus of the rat pup. The images resemble
in vivo images4. In vitro, the anisotropy is quite low and cell
swelling induces more variable changes (Fig.2B). ADC changes
due to cell swelling are smaller than due to ischemia or glucose
deprivation. We conclude that cell swelling cannot completely ex-
plain the large ADC decrease observed following ischemia.
References:
[1] Sotak CH [2002] NMRBiomed.15:561-569.
[2] Lipton P [1999] PhysiolRev.79:1431-1568.
[3] Shepherd TM etal. [2003] JCerebBloodFlowMetab.23:1461-
1470.
[4] Zhang J etal. [2002] NeuroImage15:892-901.
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Variation of the diffusion parameters: a correlation analysis of
the lesion components in ischemic human brain
W. J. Gartner1,2, P. Göbel1, C. B. Grandin2, T. P. Duprez2; 1MRI-
Project, Vienna University of Technology, Vienna, AUSTRIA,
2Department of Medical Imaging, UCL Cliniques Universitaires
Saint-Luc, Brussels, BELGIUM.

Purpose: Stroke imaging up to b-factors 4500 s mm-2 provides
data for the analysis of the exchange of water between two diffu-
sion regimes. In some cases a mismatch of the diffusion compo-
nents arises, as evident from the polygonal set of ADC values in
Fig. 1. Numeric analysis of the decay asymptotes sheds light on the
spatial evolution of such lesion volume.
Fig. 1.: Swelling of the left parictal-temporal lobe after hypoperfu-
sion of the corresponding sylvian subsegmental territories. 
a Perfusion with ipsilateral increased MTT. b ADC map. c Low b-
factor LSDI. d High b-factor LSDI.

Subjects and Methods: In experiments carried out on a clinical
GE 1.5 Tesla MR scanner, contiguous multislice diffusion spin-
echo EPI images (128x128x2x3) were acquired on stroke patients
prior to tetrahedral gradient encoding of multiple singleslice line
scans (1-3). Gradient-echo EPI (96x64) was used for tracking the
first pass of gadolinium-based contrast agent. Polygonal regions of
interest were selected on the Advantage Windows station and trans-
ferred to the respective LSDI slice. A geometric mean signal was

constructed from the 4D data-field (128x64x10x4) at ten b-factors
(tD=33 ms). The intensities were multiplied by the binary masks.
Simulation of the decay asymptotes was performed on the basis of
the Matlab image processing output.
Fig. 2.: The lesion components. a Diffusion decay asymptotes ap-
proaching zero and infintiy. b Slow component ADC map. c Slow
component fractional amplitudes.

Results: Fig. 2a depicts the initial diffusion decline (blue) for a
variation of the diffusion characteristics between contralateral
upper (red), and ipsilateral lower diffusion bounds (green).
Alteration of

achieves an adjustment of the decay curves to the original diffusion
data: ξ1,2≤1≤η. Lowered ADC2 values surround the core of the in-
farction in the hypoperfused supply territories of the affected ves-
sels (b, c). Low water exchange emphasizes an area of risk in
cortical and striatal gray matter (ADC2=0.36±0.13 µm2 ms-1). The
slow component fractional volume elucidates edema
(F2*=53.43±13.70 %) against the background of the penumbra
(ADC2=0.09±0.05 µm2 ms-1; F2*=41.84±14.36 %). Anisotropy
disappears where lysis of the cell organelles and karyopyknosis has
taken place. Because multiple of the diffusion components con-
tribute to the signal, high b-factor contrast is brightened in areas of
cell-swelling. Spatio-temporal patterns related to the recovery of
regional cerebral blood are visible in the follow-up diffusion im-
ages. No signal enhancement was seen during occurrence of a gli-
otic scar or a cyst.
Conclusion: Metabolic changes impact on the diffusion fractions,
as does regional cerebral blood on the water exchange rate. Bound
constraints require the iteration of the function values, subject to
the diffusion parameters. Symmetry of the encoding ensures a rota-
tional invariant diffusion measure.
References:
[1] NMR Biomed 1999;12:51-62.
[2] Syllabus of the ISMRM Workshop on Diffusion MRI:
Biophysical Issues. Saint-Malo 2002:200-203.
[3] Proceedings 20th Annual Meeting ESMRMB. Rotterdam
2003:169-170.
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Discussion: By using a local-look imaging approach and flow
compensated diffusion gradients, diffusion weighted images of the
in-vivo human heart can be obtained in one breathhold per diffu-
sion direction. Image distortions associated with single-shot EPI
could efficiently be minimized. Further studies are warranted to
validate the method for fiber tracking visualization.
References:
[1] Hsu EW et al.Am J Physiol 1998: 274 (Heart Circ, Physiol 43):
H1627-H1634.
[2] Dou J et al.MRM.2002; 48: 105-114.
[3] Conturo TE et al.MRM.1988; 6: 418-429.
[4] Streeter DD et al.Circ.Res.1969: 24: 339-347
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Biexponential parametrization of diffusion and T2 relaxation
decay curves in a rat muscle edema model
Z. Ababneh1, H. Beloeil, MD2, C. B. Berde, MD, PhD2, S. E. Maier,
MD, PhD1, R. V. Mulkern3; 1Radiology, Brigham and Women's
Hospital, Boston, MA, 2Anesthesia, Children's Hospital, Boston, MA,
3Radiology, Children's Hospital, Boston, MA., UNITED STATES

Purpose: Muscle edema provides an intra-voxel water compart-
mentation model suitable for biexponential parametrization of de-
tailed T2 relaxation decays (1). Here we study whether the two
component water compartmentation reflected in T2 decay biexpo-
nential analyses is similar to biexponential analyses of water diffu-
sion decay curves in an in vivo model of muscle edema.
Materials and Subjects: Right hind paws of adult rats (N = 7)
were injected with 0.2 ml of 2 % carrageenan solution 15 hours
prior to imaging to generate muscle edema. Both paws of anes-
thetized rats were imaged with a surface coil on a 4.7 T Bruker
Biopsec. A 32 echo Carr-Purcell-Meiboom-Gill (CPMG) imaging
sequence with a 6.4 ms echo spacing and 4 s TR was used to gath-
er T2 decay curves from a 2 mm thick axial through both paws. A
line scan diffusion imaging sequence was used to acquire images at
16 equally spaced b-factors from 0.1 to 3 um2/ms from the same
slice. T2 and diffusion decay curves from control muscle (CM) and
edematous muscle (EM) were fit with mono- or biexponential
functions.
Results: CM T2 decays were monoexponential with a T2 value of
34 ± 4 ms. EM T2 decay curves were biexponential with a fast T2
relaxation fraction of 0.47 ± 0.09 and fast and slow relaxation times
of 39 ± 6 and 184 ± 19 ms, respectively. CM diffusion decay curves
were biexponential with a fast diffusion fraction of 0.84 ± 0.04 and
fast and slow diffusion coefficients of 1.33 ± 0.04 and 0.16 ± 0.05
mm2/ms, respectively. EM diffusion decay curves were biexponen-
tial with a fast diffusion fraction of 0.89 ± 0.03 and fast and slow
diffusion coefficients of 2.01 ± 0.12 and 0.27 ± 0.03 µm2/ms, re-
spectively.
Discussion and Conclusions: Biexponential parametrization of T2
decays in EM is attributed to intra- and extracellular water com-
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Local look imaging of myocardial diffusion in the human
heart
U. Gamper, S. Kozerke, P. Boesiger; Institute for Biomedical
Engineering, Uni / ETHZ, Zurich, SWITZERLAND.

Introduction: Myocardial fiber structure correlates with
anisotropy in the water self-diffusion of the myocardium [1], which
can be assessed by using diffusion tensor MRI. In vivo measure-
ment of myocardial diffusion [2] proves to be difficult due to car-
diac bulk motion, constraints for breathhold duration, chemical
shift and susceptibility gradients around the heart.
Purpose: The aim of this work was to obtain diffusion weighted in
vivo images of the human heart by using a local-look imaging [3]
approach.
Methods: The gradient lobes in the standard Stejskal-Tanner ex-
periment were replaced with bipolar gradients to zero out the first
gradient moment. To reduce the echo-train length of the single-shot
EPI acquisition, the slice-select gradient of the excitation pulse was
set perpendicular to the echo pulse slice-select gradient. Thus the
actual field-of-view was reduced to the region covering the my-
ocardium allowing for a short acquisition time.
Figure 1: Schematics of pulse sequence timing for the local look
imaging sequence. Two bipolar diffusion gradients yielding flow
compensation are plotted in X direction.

The measurements were performed on a 3T Philips Intera whole
body MR system (Philips Medical Systems, Best, NL) using a 6-el-
ement coil array. Imaging parameters were: FOV=280 x 70 mm2,
matrix=96 x 23, slice thickness=8 mm, TE=61 ms, α=90°,
NSA=20, b=360 s/mm2. Measurement duration for one diffusion
weighted image was about 20 s. The six different diffusion weight-
ed directions and the reference image were acquired in seven se-
quential breathholds using navigator gating to ensure consistent
breathhold levels.
Results: Two diffusion weighted short-axis images of the left ven-
tricle are shown in Figure 2a and 2b. Diffusion weighing was in the
left-right and up-down direction for image 2a and 2b, respectively.
Figure 2c shows the difference between Figure 2a and Figure 2b.
The diffusion weighted images show no noticeable signal loss due
to cardiac motion. In the septum and in the lateral side, the differ-
ence image suggests an increased diffusion in up-down direction of
the myocardium which correlates with the muscle fiber orientation
in these areas [4].
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partmentation in which the fast and slow relaxations fractions re-
flect the relative sizes of these two compartments, respectively.
Diffusion decay curves of CM and EM were both biexponential
with apparent volume fractions different than those associated with
the T2 decay curves. The results suggest different underlying
mechanisms for the apparent biexponential behavior of T2 and dif-
fusion decay curves in muscle edema, the latter probably reflecting
restrictions to diffusion rather than water compartmentation per se.
References:
[1] Gambarota G, et al, Magn Reson Med [2001] 46:592-599.
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A robust method for simultaneous rapid Diffusion Tensor and
T2* measurements
T. Weber, V. Gulani, T. Neuberger, A. G. Webb; Institute of
Physics (EP5), University of Würzburg, Würzburg, GERMANY.

Introduction: In MR microscopy, rapid imaging methods for ac-
quiring diffusion tensor images, such as EPI, cannot be used due to
strong magnetic field inhomogeneities. Despite the availability of
more rapid techniques for microscopy experiments (2), these tech-
niques are not used very often, since the initial implementation is
very difficult. We propose a simple alternative imaging sequence
which consists of a diffusion-weighted spin echo, followed by a
train of gradient echoes with additional diffusion weighting provid-
ed by bipolar gradient pulses (Figure 1). Images from each echo are
used to reconstruct an ADT and a T2* map.
Methods: Imaging experiments were performed on a Bruker 750
MHz spectrometer using a 1 T/m gradient system and a custom-
built Aldermann-Grant resonator. As a sample we used excised and
fixed rat spinal cords that were placed into phosphate buffered
saline (PBS) prior to the experiment.
Imaging was performed using both the single spin echo (7 and 13
directions) and the spin echo multi-gradient echo sequence with
three gradient echoes for comparison (21 and 39 directions).
Imaging times were 1.1 hrs to obtain 7 or 21 images, and 2.0 hrs for
13 or 39 images. The diffusion tensor, tensor trace, and fractional
anisotropy (FA) maps were obtained for all sequences and in addi-
tion the T2* map was obtained for the multi gradient echo se-
quence.
Results: The FA maps are shown in Figure 2. Quantitative compar-
isons were performed, and FA values are tabulated below for
idendtical ROIs in PBS and within the cord.
Discussion: It can be seen in Figure 2 and Table 1 that the errors in
the FA maps decrease from left to right. Additionally, the FA values
in PBS are closer to zero when calculated with a larger number of
images, as expected (1). The FA values are in close agreement with
values of 0.73 and 0.20 in lateral column white matter and ventral
horn gray matter, as calculated from our own previously published
data on excised fixed cords (3). The results thus represent both im-
proved quality and increased efficiency since the 21 images are ob-
tained from a time-equivalent of 7 images, a nearly 50% savings in
time compared to the 13 image experiment. This method therefore
offers significant advantages for ADT microimaging.
References:
[1] Pierpaoli and Basser, MRM. 1996;36:893-906.
[2] Gulani et al., MRM 1997; 38:868-873.
[3] Gulani et al., MRM 2001; 45:191-195.
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To assess the potential role of diffusion-weighted MRI to 
detect and grade liver fibrosis
L. Annet1, F. Peeters1, L. Hermoye1, J. Abarca1, I. Leclercq2, 
B. Van Beers1; 1Radiology, St-Luc University Hospital, Brussels,
BELGIUM, 2Gastroenterology, St-Luc University Hospital,
Brussels, BELGIUM.

Purpose: To assess the potential role of diffusion-weighted MRI to
detect and grade liver fibrosis.
Animals and Methods: Liver fibrosis was induced in 12 rats by
intraperitoneal CCL4 injection during 5 weeks (N = 7) or 9 weeks
(N = 5). Diffusion-weighted MRI was performed in the 12 rats with
liver fibrosis and in 10 normal rats. An echoplanar sequence was
used with two b-values (0 and 500 s/mm²) in three orthogonal di-
rections to obtain the mean apparent diffusion coefficient (ADC).
Imaging was performed in the living rats with cardiac and respira-
tory triggering and was repeated immediately after killing the rats.
The hydroxyproline content of the liver was quantified in 13 rats (4
normal, 4 CCL45sem, and 5 CCL49sem).
Results: The ADC decreased significantly in relation to liver fibro-
sis in living rats (controls: 1535 ± 294 mm²/s, CCL45sem: 1120 ±
251 mm²/s, CCL49sem: 884 ± 151 mm²/s, p = 0.003). No signifi-
cant difference of ADC was observed between normal and fibrotic
livers in the dead rats. A significant correlation was observed be-
tween hydroxyproline and ADC in the living rats (r = -0.692, p =
0.009), but not after death (r = 0.28, p = 0.354).
Conclusion: Decreased ADC correlated with increased liver fibro-
sis only in living rats, but not after death. Therefore, the decrease of
ADC cannot be explained by decreased diffusion in liver fibrosis.
Other factors, such as a decrease of perfusion may explain the ap-
parent decrease of diffusion in living rats with liver fibrosis.
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Non-invasive monitoring of renal oxygenation using BOLD-
MRI and observation of age-dependence
S. C. Zoula1, L. Hofmann2, A. Giger1, B. Vogt2, P. Vock1, 
F. J. Frey2, C. Boesch3; 1Institute of Diagnostic, Interventional and
Pediatric Radiology, Inselspital and University of Bern, Bern,
SWITZERLAND, 2Division of Nephrology/Hypertension,
Inselspital and University of Bern, Bern, SWITZERLAND, 3Dept.
Clinical Research, Inselspital and University of Bern, Bern,
SWITZERLAND.

Purpose/Introduction: BOLD-MRI was shown to allow non-in-
vasive observation of intra-renal oxygenation in humans [1,2].
However, these examinations are still limited in clinical work, most
likely because of difficulties in obtaining reproducible and reliable
information. In this study reproducibility and robustness of BOLD
measurements were estimated, as well as systematic changes in
kidney oxygenation of healthy volunteers.
Subjects and Methods: Eighteen volunteers (23 - 57y), measure-
ments at 1.5 T (SONATA, Siemens, Germany), body coil for trans-
mission, phased array surface coil for reception. Multi Echo Data
Image Combination sequence (TR=65ms, TE=6-52.31ms, flip
angle=30°), 12 T2* weighted images acquired in breath-hold.
Measurements (3 axial and 3 coronal slices) repeated 3 times for
each volunteer (new calibration between each measurement).
R2* maps calculated by fitting signal intensity vs. echo time data to
mono-exponential function (IDL, RSI, USA). Selection of 2 ROIs
in medulla and cortex each: one fixed size and one variable size.
Statistics: MANOVA for 3 repeated measures and 6 factors (volun-
teer, medulla/cortex, fixed/variable ROI, left/right kidney, 6
axial/coronal slice), with Bonferroni adjustment for multiple com-
parisons (SPSS 11.0).
Results: BOLD measurements were not statistically significant
different for the 2 selected ROIs and between selected slices, ex-
cept a weak but significant (p=0.023) difference between one axial
(ax_1) and one coronal (cor_2) slice (Fig.1). R2* values from
left/right kidney revealed a significant (p=0.001) difference
(Fig.1). Repeated measurements showed a tendency to increasing
BOLD effects with time, however, without reaching significance
(Fig.1). Highly significant differences were evidenced between
volunteers (p<0.001) and between medulla and cortex (p<0.001).
Correlation between R2* values and volunteers age was clearly ev-
idenced in medulla (R2* = 11.14+0.013*age, p<0.001) (Fig.2) and
less pronounced in cortex (R2* = 10.73+0.025*age, p=0.020)
(Fig.3).

Discussion/Conclusion: Measurements of renal oxygenation using
BOLD-MRI give reproducible results, with coefficients of variance
for experimental errors of 12%. This method is robust, with only
slight influence of slice selection and right/left kidney. The results
confirm the cortico-medullary gradient of oxygenation produced
by the gradient of R2* values. These, in medulla and less in cortex,
increase with age. Lying in the magnet could explain the tendency
to increased BOLD effects with repeated measurements.
BOLD measurements in kidneys are highly reproducible; however,
age-dependence [2] should be considered when performing such
measurements. In addition, small differences can be introduced
from left/right kidney, time of measurement, and slice selection.
References:
[1] Prasad et al,. Circulation, 1996. 94(12).
[2] Epstein et al,. Kidney Int, 2000. 57(5).
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Acute effect of drugs on renal oxygenation measured by
BOLD-MRI
L. Hofmann1, S. C. Zoula2, A. Wilhelm1, A. Giger2, P. Vock2, 
C. Boesch3, F. J. Frey1, B. Vogt1; 1Division of Nephrology and
Hypertension, Inselspital, University of Berne, Berne, SWITZER-
LAND, 2Institute of Diagnostic, Interventional and Pediatric
Radiology, Inselspital, University of Berne, Berne, SWITZER-
LAND, 3Dept. Clinical Research, Inselspital, University of Berne,
Berne, SWITZERLAND.

Purpose/Introduction: Drug-induced renal failure and radiocon-
trast media nephropathy are increasing causes of hospital acquired
acute renal failure. One key-mechanism leading to nephropathy in-
volves renal ischemia. The aim of this study was to investigate the
acute effect of several drugs (indometacin and cyclosporine) and
iodinated radiocontrast media on renal oxygenation measured by
BOLD-MRI [1,2] in healthy volunteers.
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Subjects and Methods: Twenty-nine volunteers, 1.5T (SONATA,
Siemens, Germany), body coil for transmission, phased array sur-
face coil for reception. Modified Multi Echo Data Image
Combination sequence (TR: 65ms, TE: 6-52.31ms, flip angle: 30°):
acquisition of 12 T2* images in breath-hold. Measurements (4
coronal slices) repeated 0, 5, 20, 35, and 45 min after administra-
tion of indometacin and radiocontrast media, and 0, 120 and 240
min after taking cyclosporine. R2* maps calculated by fitting
ln(signal intensity) vs. echo time to linear function [3]: home-built
IDL program (Interactive Data Language, RSI, Boulder, CO,
USA). ROI selection in medulla and cortex and estimation of a
mean R2* index.
Statistics: MANOVA for repeated measurements (time) and 3 vari-
ables (volunteer, medulla/cortex, left/right kidney) with Bonferroni
adjustment for multiple comparison (SPSS11.0).
Results: The iodinated radiocontrast media produced a significant
(p<0.001) increase in medullary R2* value in the first 20 min post-
injection. No relevant changes were observed in cortical R2* index
(Fig.1). Indometacin administration did not induce significant
changes in renal oxygenation (Fig.2). We observed a significant re-
duction in medullary (p=0.008) and cortical (p=0.004) R2* indexes
2h after cyclosporine administration, still significant (p=0.026)
after 4h for the cortex (Fig.3). None of the measurements showed
left-right differences, but relevant differences in R2* values were
evidenced between volunteers (p<0.001).

Discussion/Conclusion:
This study shows acute effects of drugs in human healthy kidneys.
Injection of iodinated radiocontrast media induced a decrease in
medullary oxygenation, whereas - surprisingly - cyclosporine and
indometacin (without reaching significance) increased the PO2 in
the medulla in the first measurement after application of the drug.
The mechanism of these differential effects of radiocontrast media
versus cyclosporine or indometacin awaits clarification.
References:
[1] Prasad, P.V. et al., Circulation, 1996. 94(12): p.3271.
[2] Epstein, F.H. et al., Kidney Int, 2000. 57(5): p.2080.
[3] Weisstein, E.W., CRC Concise Encyclopedia of Mathematics,
Chapman&Hall/CRC, 2003: p.1721.
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Renal tumors. Correlation between Diffusion-Weighted MR
Imaging ADC values and cellularity
E. Squillaci, G. Manenti, M. Di Roma, M. Sperandio, 
F. Di Stefano, G. Simonetti; Radiology, University Tor Vergata,
Rome, ITALY.
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The fate of alginate in the human lumen. An EPI monitoring 
B. de Celis Alonso1, P. Rayment2, S. Ablett2, L. Marciani1, 
P. Gowland1, R. Spiller3; 1Sir Peter Mansfield Magnetic Center,
Nottingham Univeristy, Nottingham, UNITED KINGDOM,
2Colworth R&D, Unilever, Sharnbrook, UNITED KINGDOM,
3Gastroenterology, Queen Medical Centre, Nottingham, UNITED
KINGDOM.

Introduction: A viscous meal slows gastric emptying and increas-
es the sense of satiety, two desirable effects for control of nutrient
delivery control and food intake. Alginates are food-grade chemi-
cals that gel at low pH. Our aim was to investigate the gelation of
an alginate solution in the low pH of the gastric lumen and to deter-
mine the effects of gelation on gastric motility, satiety, emptying,
dilution and T2. This behaviour was compared to locust bean gum
(LBG), a non-gelling, food-grade chemical.
Method: Study 1: In this two-way study 12 volunteers drank
500ml of either Meal 1 (0.45%LBG + 10% sucrose) or Meal 2
(0.75% Manugel (Alginate) + 0.2%TCP + 10% Sucrose). Both
meals had matched oral viscosity, colour and flavours. After inges-
tion, MRI images were acquired for two hours with an in-house
built 0.5T whole-body imaging system. The images were all ac-
quired using 128*128, 500Hz, EPI with a 1cm slice thickness. At
t=120min a further water drink was given to refill stomach (and
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gain contrast). During the experiment, volunteers answered self-as-
sessed questionnaires every 10 minutes, to monitor the sensation of
satiety.
Study 2: Similar to Study 1, but 6 volunteers consumed 400 ml of
Meal 2 and 300 ml of either lemon juice (pH=2) or water.
Results: Study 1: Gel formation was observed in vivo for Meal 2,
(Fig 1) but not for Meal 1. The T2 of the meals were found to
evolve differently with time (Fig 2). Differences in half-emptying
times (p<0.05), stomach volumes and accommodation of the meal
within the stomach were found (Table 1). No differences in satiety
scores were found that could be related to the alginate gel forma-
tion.
Study 2: After consumption of lemon juice to reduce intragastric
pH (compared to water), the volume of gel was increased (75±10
ml compared to 46±8 ml). There was no significant difference in
satiety scores and the T2 of the gels was decreased (375 ± 20 ms
compared to 427 ± 20 ms).
Discussion: Manugel meals form gels in the presence of gastric se-
cretions decreasing T2. LBG meals simply become diluted. This
gelation slows the emptying of the manugel meals and leads to a
change in gastric accommodation. The volume of gel formed de-
pends on the intragastric pH.
This information will be useful for future applications in the food
and chemical industry.
Acknowledgements:
We thank BBSRC (Ref 07745) and Unilever for their support
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Time-course assessment of prostate metabolic response post-
brachytherapy using 3-D 1H MRS imaging
A. Z. Damyanovich1, D. Taussky2, J. Jezioranski1, A. Amirabadi1,
A. Kirilova1, J. Crook2; 1Department of Radiation Physics,
Princess Margaret Hospital, Toronto, ON, CANADA, 2Department
of Radiation Oncology, Princess Margaret Hospital, Toronto, ON,
CANADA.

Introduction: Proton magnetic resonance spectroscopic imaging
(MRSI) of prostate, is able to distinguish between areas of cancer
and normal prostatic epithelium through differences in the endoge-
nous [choline+creatine]/citrate ratios. Post treatment, MRSI can
provide a non invasive measure of intracellular metabolic condi-
tions that may accurately identify viable malignant tissue within
the treated prostate. The purpose of this study was to establish and
monitor the metabolic profile of prostate pre- and post treatment

following brachytherapy with 125I seeds for the treatment of prostate
cancer, using proton MRSI. Results obtained thus far are presented
and discussed.
Materials and Methods: Twenty patients undergoing prostate
brachytherapy using the modified peripheral loading technique ( >
100 125I seeds) were invited to take part in this study, following a
histologic diagnosis of prostate cancer. A baseline MRSI scan was
performed prior to the TRUS prostate mapping to plan the implant;
subsequent MRSI scans followed in 6-month intervals over a two-
year period following implant. MRSI scans were performed using
an endorectal coil and a GE TwinSpeed1.5T MRI scanner. 3D-
MRSI was done with TE/TR = 130/1500 ms in order to most clear-
ly resolve the choline/creatine and citrate resonances, while
reducing the intensity of fat. Magnetic field homogeneity at the site
of the prostate was optimized through the use of higher-order gradi-
ent shimming. The whole volume of the prostate was covered using
8 (S/I) x 16 (R/L) x 8 (A/P) phase encodes and a 6/12/6 cm FOV..
Analysis was done voxel-by-voxel for each MRSI acquisition by
assigning to each voxel a score based on the [choline+creatine]/cit-
rate ratio, and the choline signal-to-noise.
Results: We were able to characterize the metabolic profile of pa-
tients pre-implant and monitor changes therein over time post-im-
plant, using MRSI. Although individual metabolic response over
time was variable, the overall MRSI-based score demonstrated a
decreasing trend over time, consistent with PSA measurements ac-
quired concurrently.
Conclusions: The results obtained thus far demonstrate that non-
invasive 3D-MRS metabolic imaging of prostate can be used to
first identify regions of tumor activity and then to subsequently as-
sess response to therapy. These results suggest that the magnitude
of metabolic changes in regions of cancer before and after
brachytherapy can improve our understanding of cancer aggres-
siveness and the mechanisms of therapeutic response.
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The value of MR spectroscopy for prostate cancer detection in
the peripheral and transitional zone in patients with elevated
PSA and negative biopsy
J. C. Vilanova1, J. Comet2, J. Barceló1, M. Villalon1, A. Maroto3, 
J. Areal4; 1Magnetic Resonance, Clinica Girona, Girona, SPAIN,
2Urology, Hospital de Girona, Girona, SPAIN, 3Department of
Magnetic Resonance, Hospital de Girona, Girona, SPAIN,
4Department of Urology, Hospital Germans Trias i Pujol,
Badalona, SPAIN.

Purpose: To evaluate the role of magnetic resonance spectroscopic
imaging (MRSI) in prostate cancer detection for the transition and
peripheral zone in patients with elevated PSA levels and negative
biopsy results for prostate cancer; and analyze the metabolic
changes between prostate cancer and BPH in each zonal area.
Method and Materials: Endorectal MR and 3D MRSI were per-
formed in 27 patients with elevated PSA levels with previous nega-
tive biopsy results for prostate cancer. Patients had PSA levels
>4ng/ml but progressively higher . All studies were performed on a
1.5 Tesla GE Signa MR using an endorectal coil in combination
with an ADT torso coil. MRSI consisted of point resolved spec-
troscopy (PRESS) voxel excitation with 3D phase encoding
(16x8x8) of the whole prostate. The Choline+Creatine/Citrate
(CC/Ci) ratio and the Choline/Creatine (Ch/Cr) ratio were evaluat-
ed in each voxel. A transrectal sextant biopsy was performed after

the endorectal MR exam with additional biopsies in the transitional
zone and in the area/s suspected by MR imaging.
Results: 10 patients (37%) had positive results for prostate cancer,
4 in the transitional zone and 6 in the peripheral gland. The overall
accuracy, sensitivity and specificity of tumor detection, using
MRSI in the transition zone was 85%, 75% and 87% respectively.
The CC/Ci ratio and Ch/Cr ratio for cancer voxels (2.13+/-1.21,
3.51+/-1.32) were significantly different from the ratios in the vox-
els with BPH (0.79+/-0.32, 1.32+/-0.38 respectively) (p<0.01) in
the transitional zone. For the peripheral gland the CC/Ci ratio and
Ch/Cr ratio for cancer voxels (1.81+/-1.01, 2.53+/-1.12) were sig-
nificantly different from the ratios in the voxels of the normal
gland(0.53+/-0.31, 1.02+/-0.32 respectively) (p<0.01). Accuracy,
sensitivity and specificity for tumor detection was 92%, 83% and
95% respectively, for the peripheral gland.
Conclusions: The combination of MR imaging and MRSI may be
of benefit for patients with previous negative biopsies and increas-
ing PSA levels. Assessment of this patient population on MRSI
should include the entire gland, transitional and peripheral zone as
the benign and malignant prostatic tissues might be differentiated
and located on 3D MRSI.
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Tumor microcirculation measured with dynamic T1 mapping
predicts therapy outcome for primary rectal carcinoma
C. Kremser1, A. Rudisch1, W. Judmaier1, W. Jaschke1, P. Lukas2,
A. F. De Vries2; 1Dept. of Radiology, Universityhospital,
Innsbruck, AUSTRIA, 2Dept. of Radiotherapy & Radiooncology,
Universityhospital, Innsbruck, AUSTRIA.

Purpose/Introduction: It was the aim of this study to investigate
the predictive value of tumor microcirculatory parameters obtained
before therapy with a recently introduced dynamic T1 mapping
technique [1] in patients with primary rectal carcinoma.
Subjects and Methods: In 34 patients with primary rectal carcino-
ma (cT3) undergoing preoperative chemoradiation, pretherapeutic
dynamic T1 mapping was performed. For dynamic T1 mapping a
fast snapshot FLASH T1 mapping sequence [2] was used. Dynamic
T1-maps were obtained in transaxial orientation whereby the slices
(thickness: 5mm) were chosen for both tumor and arterial vessels
(a. iliaca externa) being clearly identified on the images. For dy-
namic T1 mapping a CM dose of 0.05 mmol/kg Gd-DTPA was ad-
ministered at the right brachial vein over a period of 4 min using
constant rate infusion. A total set of 52 T1 maps was acquired to
monitor the CM uptake and wash-out over an examination time of
40 min. From the obtained series of T1-maps the microcirculatory
parameter PI was calculated according to PI=gk/ga [3,4], where ga
is the maximum of the arterial CM curve and gk the maximum
slope of the tumor CM curve. Resection of the tumors allowed for a
correlation of PI with pathological classification. Therapy response
was defined if the pathologic observation of the resected tumor
after chemoradiation revealed no invasion of tumor cells into the
perirectal fat.
Results: In 18 patients, a response and in 16, no response was ob-
served. Statistically significant differences of the mean PI value
were found between responders and non-responders. (p 12
mL/min/100 g (p < 0.001, 3.7 +/- 4.0% vs. 24.7 +/- 17.9%). A
three-way ANOVA test resulted in significant effects for therapy re-
sponders/nonresponders (p < 0.001) and the individual patients.
Discussion/Conclusion: Tumor PI values seem to be of predictive
value for therapy outcome of preoperative therapy in patients with
primary rectal carcinoma.
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Higher parameter levels in the nonresponding group could be ex-
plained by increased shunt flow or increased angiogenic activity in
aggressive tumor cell clusters resulting in reduced nutrients supply
and higher fraction of intratumoral necrosis respectively.
References:
[1] Kremser C, et al. [1995] Radiology 197(P): 390.
[2] Deichmann R, et al.[1992] J. Magn. Reson. 96: 608-612.
[3] Peters A, et al. [1987] Nucl Med Commun 8:823-837.
[4] Miles K [1991] Br J Radiol 64:409-412.
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Portocaval anastomosis as a model of liver failure: manganese
deposition in the rat brain
V. Herynek1, P. Trunecka2, J. Havlícková3, D. Jirák1, M. Burian1,
H. Mergentál4, K. Filip2, A. Jegorov5, M. Hájek1; 1MR-Unit,
Department of Diagnostic and Interventional Radiology, Institute
for Clinical and Experimental Medicine, Prague 4, CZECH
REPUBLIC, 2Hepatogastroenterology Clinic, Institute for Clinical
and Experimental Medicine, Prague 4, CZECH REPUBLIC,
3Laboratory of Experimental Surgery, Institute for Clinical and
Experimental Medicine, Prague 4, CZECH REPUBLIC, 4Clinic of
Transplantation Surgery, Institute for Clinical and Experimental
Medicine, Prague 4, CZECH REPUBLIC, 5Research and
Development, IVAX Pharmaceuticals, Ltd., Ceské Budejovice,
CZECH REPUBLIC.

Introduction: Clinical studies reported hyperintensities in the
brain of patients with hepatic cirrhosis in T1 weighted images.
Relaxometry revealed that the origin of these changes in basal gan-
glia lies in alterations in T1 and T2 relaxation times. Manganese
(Mn) is hypothesized to be responsible for the relaxation times
shortening (the concentration of Mn is known to be higher in both
the liver and blood) [1].
The aim of this study was to confirm the origin of the relaxation
times alterations on an animal model.
Materials and Methods: Portocaval anastomosis (PA) as a model
of chronic liver failure was prepared in 33 animals. A control group
(24 animals) was sham operated. The animals were fed with added
MnCl2 in water. Part of the animals in both groups was treated by
antibiotics to reduce hyperamonemia. MR relaxometry was per-
formed five and eight weeks after the surgery using an MR scanner
Bruker 4.7 T. T1 measurement: saturation recovery gradient echo
sequence, TR=200-3000ms, TE=3.4ms. T2 measurement: CPMG
sequence with 30 echoes, TE=8.63ms, TR=3000ms.The relaxation
times were evaluated in the cortex and basal ganglia.
Finally the animals were sacrificed, Mn content in the basal ganglia
and cortex was assessed by mass spectroscopy.
Results: No differences in T1 were found between the animals
treated by antibiotics and non-treated ones within the control
group, whereas T2 was higher in case of control animals treated by
antibiotics. PA animals have lower T1 and T2 in basal ganglia than
controls. PA animals treated by antibiotics have higher T1 and T2
in basal ganglia than untreated ones. Higher concentration of Mn
was found in PA animals compared to controls. Untreated PA ani-
mals have higher concentration of Mn compared to PA animals
treated by antibiotics.
Manganese concentration in the basal ganglia and cortex correlat-
ed with T1 and T2 relaxivity.
Discussion/Conclusion: Portocaval anastomosis represents rather
good experimental model for studying of the influence of a dys-
functional liver on the brain. Healthy animals discharged excessive
Mn ingested with water, whereas in case of PA animals we ob-
served higher deposition of Mn in the basal ganglia and cortex,
which was manifested by decreased T1 and T2. Treatment with an-
tibiotics can slow down the pathological Mn deposition showing
the importance of hyperamonemia in pathogenesis of brain changes
caused by porto-systemic shunting.

References:
[1] Rose C et al. Gastroenterology, 117(3):640-4,1999
Supported by the grant 309/97 K048 and the research plan IKEM
CEZ:L17/98:00023001.
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MR signal intensities in neonates with hypoxic-ischemic
encephalopathy 
I. Meinders1, L. Liauw1, G. Van Wezel-Meijler2, L. Laan3, 
S. le Cessie4, M. van Buchem1; 1Radiology, Leiden University
Medical Center, Leiden, NETHERLANDS, 2Neonatology, Leiden
University Medical Center, Leiden, NETHERLANDS, 3Neurology,
Leiden University Medical Center, Leiden, NETHERLANDS,
4Medical Statistics, Leiden University Medical Center, Leiden,
NETHERLANDS.

Purpose: The aim of this study was to assess whether neonates
with and without hypoxic-ischemic encephalopathy (HIE) can be
differentiated based on the signal intensity (SI) of the different
components of the brain.
Method and Materials: Eighty-two infants in whom an MRI ex-
amination was performed were included retrospectively.They were
divided into two groups: those with HIE (n=45; mean age 38.4
weeks) and those without HIE (n=37; mean age 42.8 weeks). Two
blinded observers compared the SI of 21 brain structures to each
other and assessed whether the SI was distributed homogenously
over the structure. For each structure the SI was scored as lower
(grade 0), equal (grade 1) or higher (grade 2) as compared to each
of the other 20 structures and a total SI score was calculated. The
mean SI score of the 21 structures was compared between the two
study groups using independent samples t tests. Logistic regression
analysis was used to calculate which comparisons of structures are
most suitable to distinguish between neonates with and without hy-
poxic cerebral damage. To examine whether inhomogeneous SI
was seen more frequently in neonates with HIE, a χ2-test was used.
Results: The difference in mean total SI score in neonates with and
without HIE was significant for several structures: medulla oblon-
gata, posterolateral putamen, posterior limb of the internal capsule,
corona radiata and perirolandic cortex. Comparison of SI of pos-
terolateral putamen versus posterior limb of internal capsule turned
out to be most discriminating (likelihood ratio test= 26.3, p<1e-5).
The comparison of corona radiata vs. perirolandic cortex had the
most additional discriminating power (p=0.005). The presence of
inhomogeneous SI was seen more frequently in neonates with HIE
(33%) than in those without HIE (8%) (p=0.006).
Conclusions:
1) The difference in SI between brain structures is useful for distin-
guishing between hypoxic brain damage and normal myelinating
brain tissue on MRI.
2) A combination of two pairs of brain structures is most distinctive
in predicting the presence of HIE: posterolateral putamen vs. poste-
rior limb of internal capsule followed by corona radiata vs.
perirolandic cortex.
3) Inhomogeneous SI is found more frequently in neonates with
HIE than in neonates without HIE.
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Correlation between differences in MR brain and cervical
spine image and somatosensory evoked potentials (SEPs) in
spinocerebellar ataxia type 1 and 2 patients
R. Poniatowska1, M. Rakowicz2, R. Krawczyk1, R. Boguslawska1,
R. Boguslawska1, J. Ryterski1, J. Zaremba3, E. Pilkowska4;
1Magnetic Resonance, Institute of Psychiatry and Neurology,
Warsaw, POLAND, 2Neurophysiology, Institute of Psychiatry and
Neurology, Warsaw, POLAND, 3Genetic, Institute of Psychiatry
and Neurology, Warsaw, POLAND, 4Neurology, Institute of
Psychiatry and Neurology, Warsaw, POLAND.

Introduction: SCA1 and 2 are neurogenerative disorders with ex-
pansion of trinucleotyde CAG and progressive cerebellar and
spinal ataxia.
Purpose: The purpose of the study was to correlate the differences
in MR brain and cervical study of SCA1 and SCA2 patients with
alteration in their SEPs.
Material and Method: 13 SCA1 patients (mean age 42y) and 13
SCA2 (41y) were compared. Duration of the disease: SCA1 - 6,7;
SCA2-10,1 years. MR studies were performed with T1-, T2-
weighted and FLAIR images in orthogonal planes. In brain study
on midsagittal T1-weighted image the standardized by the area of
posterior fossa measurements were made. In cervical spine the di-
ameter of medulla standardized by diameter of spinal canal was
measured. In SEPs followed median (Mn-SEPs) nerves stimulation
cerebral and spinal conduction times were measured.
Results: The difference was found between the MR image of
SCA1 and SCA2. SCA2 showed more advanced atrophy of brain
structures and medulla on C1 level. In other cervical spine levels
medulla was smaller in SCA1. Mn-SEPs cerebral conduction times
and spinal to C2 correlated in SCA2 to Evans ratio and inversely to
Pd and C in SCA2, in SCA1no correlation and positive respective-
ly was found. Spinal conduction times from C3 showed opposite
pattern - inverse correlation SCA1, positive in SCA2.
Conclusion: SCA2 patients showed more advanced atrophy of
most of brain structures than SCA1. In cervical study more ad-
vanced atrophy of medulla was found in SCA1. MR image findings
correlate to the presence of pathological SEP-s.
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The Mercury poisoned human brain
N. Iriguchi1, M. Sekino2, H. Mihara2, K. Yamaguchi2, 
M. Takeuchi2, S. Ueno2, T. Ninomiya3, S. Ekino3, C. Hirayama4;
1Center for Multimedia and Info Technologies, Graduate School of
Natural Science, Kumamoto University, Kumamoto, JAPAN,
2Graduate School of Medicine, University of Tokyo, Tokyo, JAPAN,
3Graduate School of Medicine, Kumamoto University, Kumamoto,
JAPAN, 4Graduate School of Natural Science, Kumamoto
University, Kumamoto, JAPAN.

Introduction: Ingestion of large quantities of fish or shellfish con-
taminated with methyl-mercury leads to a serious neurological dis-
order.1,2 Important features of the disorder are sensory defects in
the distal portion of four extremities, cerebella ataxia, bilateral con-
centric constriction of the visual field, central disorder of ocular
movement, central hearing impairments, and central disequilibri-
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High-resolution single-slab 3D MRI in a clinical setting:
isotropic T2-weighted, FLAIR and DIR images within 
30 minutes 
P. J. W. Pouwels1, J. P. A. Kuijer1, J. P. Mugler, III2, 
C. R. G. Guttmann3, G. Lycklama4, F. Barkhof4; 1Physics and
Medical Technology, VU University Medical Center, Amsterdam,
NETHERLANDS, 2Radiology, University of Virginia School of
Medicine, Charlottesville, VA, 3Radiology, Brigham & Women's
Hospital, Harvard Medical School, Boston, MA, 4Radiology, VU
University Medical Center, Amsterdam, NETHERLANDS.

Introduction: Compared to commonly used multi-slice 2D MRI,
3D techniques have the advantage of an inherently higher signal-
to-noise ratio, and the possibility to obtain small isotropic voxels.
Using new single-slab 3D techniques based on fast spin-echo se-
quences with a long echo-train and variable flip angles, isotropic
imaging will enter the field of clinical applications. We developed a
3D MRI protocol which takes less than 30 minutes, and which in-
cludes T2-weighting, an optimized FLAIR, and a new DIR (double
inversion recovery) sequence that selectively images gray matter.
Subjects and Methods: Fast spin-echo based 3D sequences were
implemented on a 1.5T Siemens Sonata whole body scanner. TR
was fixed to 6500ms for FLAIR and DIR, and inversion times TI
were then optimized. CSF suppression in FLAIR was obtained with
TI=2200ms. DIR is an extension of FLAIR, containing an addition-
al inversion pulse to attenuate both CSF and white matter. Optimal
suppression required TI-values of 2350 and 350ms.
3D slab orientation was sagittal (120 partitions of 1.3mm), and in-
plane resolution was 1.2x1.2mm, using a 232x310mm FOV.
Employing 75% partial Fourier in slice direction, acquisition times
of DIR and FLAIR were just below 10 min each. Using the same
spatial resolution, T2 scan duration was 6.5 min (TR=4300ms).
Imaging parameters for FLAIR and DIR were optimized with
healthy volunteers. Subsequently, sequences were applied to pa-
tients with various diseases.
Results: In controls and patients high-quality images were ob-
tained without flow artefacts, in a clinically acceptable examina-
tion time. In a patient with multiple sclerosis, lesions were well
detected in all sequences. Intracortical lesions can be distinguished
on DIR, thanks to the high contrast between gray and white matter.
In a patient with medial temporal sclerosis the affected temporal
lobe was highly conspicuous on a coronal reconstruction of
FLAIR. FLAIR also appears valuable for volume rendering tech-
niques, as could be demonstrated for a patient with a glioma.

Discussion: Images can be reconstructed in all orientations with
high spatial resolution. The good registration properties make 3D
imaging preferable for longitudinal studies. The addition of a T1-
weighted 3D scan will complete the spectrum of possible contrasts.
Furthermore, segmentation methods will benefit from multi-chan-
nel input as provided by a combination of T2, FLAIR and/or DIR.
References:
[1] Mugler JP et al [2000] Radiology 216:891-899.
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um. We obtained MR micro images and MRS of mercury poisoned
human brains.
Subjects and Methods: Both mercury poisoned and normal brain
tissues were fixed with formaldehyde and subjected to MRI and
MRS measurements at 4.7 T. The image resolution was 0.003 cubic
mm, and the STEAM vowel size was 2.5 mm.
Results and Discussion: The mercury poisoned cortex revealed re-
markable features in micro images. Those were numerous dark,
signal voids in the granule cell layer of the gray matter. The average
size of the voids was in the order of hundred microns. The mercury
poisoned cortex also revealed remarkable biexponential features in
T2 relaxation curves in the STEAM experiments. Those were in
pronounced contrast to features of normal tissues.
Mercury has been spread on the earth. The results warn us of the
danger of mercury again. The results also suggest the feasibility of
MRI and MRS in investigations of mercury poisoned human
brains.
References:
[1] H. Tokuomi, T. Okajima, J. Kanai, et al., "Minamata Disease."
World Neurol. 2: 536-545, 1961
[2] Y. Korogi, M. Takahashi, T. Okajima, et al., "MR Findings of
Minamata Disease - Organic Mercury Poisoning." JMRI 8: 308-
316, 1998
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Diffusion and perfusion magnetic resonance imaging in
pseudotumor cerebri 
K. Bicakci1, S. Bicakci2, E. Akgul1, E. Aksungur1; 1Radiology,
Cukurova Univ. Balcali Hospital, Adana, TURKEY, 2Neurology,
Cukurova Univ. Balcali Hospital, Adana, TURKEY.

Introduction: Pseudotumor cerebri (PC) or idiopathic benign in-
tracranial hypertension is characterized by abnormal elevation of
intracranial pressure with a normal composition of the cere-
brospinal fluid (CSF) and absence of hydrocephaly or any intracra-
nial mass lesion. Papilledema is the major clinical finding whereas
neuroradiological imaging findings are almost always normal.
In this preliminary study, we aimed to find out whether diffusion
and perfusion magnetic resonance (MR) imaging in PC patients
might be beneficial for diagnosis.
Subjects and Methods: We prospectively evaluated diffusion and
perfusion MR findings of 10 PC patients and 5 normal control
group. On physical examination, all PC patients had characteristic
papilledema, varying degrees of headache, blurred vision and tinni-
tus. Cerebrospinal fluid (CSF) pressure was higher than 250mm
H2O in all patients. MR imaging was performed with a 1.5 tesla
equipment and postprocess analyses were done on an independent
workstation.
Results: There were no diffusion abnormalities in CP patients or
differences when compared to normal group. In seven patients, sig-
nal reduction percentage at the first pass of bolus contrast was less
than the normal control group. Six of these patients had higher CSF
pressure than the other four.
Discussion: Pseudotumor cerebri is a clinical syndrome which re-
quires prompt diagnosis and thorough evaluation. Treatment is cru-
cial for preventing visual loss and improving associated symptoms.
Since the majority of the patients lack specific neuroradiological
imaging findings, the syndrome is mostly diagnosed based on the
clinical findings. Probably due to the latter factor, there is almost
no major paper in the radiology literature concerning the neuroradi-
ologic aspects of the syndrome. Although our patient series is very
limited for statistical evaluation, broader series might put forward

additional benefit of perfusion MR imaging in diagnosis of pseudo-
tumor cerebri.
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Permeability of the blood-brain barrier to Mn and Gd-DOTA
agent in a rat model of reversible ischemia
E. L. Barbier, E. Grillon, C. Rémy; CHU Michallon - Pav. B.,
Unité mixte INSERM / UJF 594, Grenoble, FRANCE.

Introduction: MRI studies show that the blood-brain barrier
(BBB) becomes permeable to Gd-DTPA after one or two hours of
occlusion (e.g. Neumann-Haefelin, 2000, Stroke, 31:1965).
However, BBB might have a differential permeability with regard
to the contrast agent size. In the present study, the extravasations of
two contrast agents of different size, Mn and Gd-DOTA, are com-
pared in a rat model of reversible occlusion of the middle cerebral
artery (MCA).
Material and Methods: A total of 16 adult male Sprague-Dawley
rats (315±13g) were used in this study, divided in three groups
based on the MCA occlusion duration: 30min (n=4), 1h30min
(n=5), and 2h30 (n=7). Focal brain ischemia was induced by occlu-
sion of the right MCA using the intraluminal suture model. Rats
were tracheostomized and artificially ventilated. Anesthesia was
maintained with an intraperitoneal infusion of chloral hydrate.
Rectal temperature was maintained at 37.0±0.5°C. At reperfusion
time, the occluding filament was pulled without moving the animal
out of the magnet.
After installing the animal in a 7T magnet, an angiogram was ac-
quired to assess MCA occlusion, except for the 30min occlusion
group. After verifying the MCA reperfusion with a second an-
giogram, T1 maps were produced every 53s during 40min using an
inversion recovery FLASH sequence (8 inversion times, TR=5s,
field of view= 40mm, matrix= 64x64, slice thickness=2mm). After
6min of T1 acquisition, an intravenous infusion of Mn (100mM,
1.2ml/h) was started; 20min later, a bolus of Gd-DOTA was inject-
ed (0.2mmol/kg).
Results:

Figure 1 shows the T1 evolution for the three animal groups in both
the ipsilateral and contralateral hemispheres. The 30min occlusion
group showed a decrease in T1 of 9±5% (contralateral 6±5%) after
Mn, and a further decrease of 11±6% (contralateral 6±8%) after
Gd. The 1h30min occlusion group showed a decrease in T1 of
17±9% (contralateral 6±4%) after Mn, and a further decrease of
19±26% (contralateral 5±6%) after Gd. The 2h30min occlusion
group showed a decrease in T1 of 12±7% (contralateral 4±4%)
after Mn, and a further decrease of 18±17% (contralateral 3±9%)
after Gd.
Conclusion: In conclusion, it seems that even for short occlusion
duration, contrast agent may leak through the BBB. The T1 reduc-
tion observed in the 30min occlusion group may however be too
small to be detected by classical T1-weighted sequences. The data
processing performed so far does not allow to differentiate the be-
havior of Mn and Gd-DTPA in the ischemic lesion.
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The relevance of magnetization transfer and relaxometry pa-
rameters for the specification of hippocampal subregions
C. Kiefer, J. Slotboom, L. Remonda, G. Schroth, P. Kalus;
Neuroradiology, Institute for Diagnostic and Interventional
Neuroradiology, Bern, SWITZERLAND.

Purpose: This study demonstrates that the MT methodology is ca-
pable to differentiate subregions of the hippocampal formation if
additionally to the semi-quantitative magnetization transfer ratio
(MTR) all of the observable properties of the binary spin bath
model are included [1]. The essentially derived parameters are the
fractional pool size F and the T2 relaxation time of restricted pro-
tons.
Subjects and Methods: The evaluation was restricted to hip-
pocampal subregions defined by a protocol proposed by Jack et al.
[2] with additional use of the cytoarchitectonical criteria described
in the atlases by Duvernoy [3] and Mai et al. [4]. Anatomical imag-
ing was obtained using a T1-weighted, sagittal oriented 3D-
MPRAGE sequence (1mm3 isovoxel resolution). The quantitative
MT parameter values have been calculated according to the work
of Sled et al. [1].
Results: Significant differences of the quantitative MT parameters
and the T1 between the hippocampal subregions were found, while
the MTR did not reach a significant level. Especially the T2 time of
the restricted pool and T1 differentiates the anterior and posterior
regions of the HF.
Conclusion: The quantitative MT methodology makes it possible
to differentiate microstructural features of gray and white matter
compartiments according to the cell density and structural integrity.
As the anterior hippocampus is strongly interconnected primarily
with prefrontal cortex regions, which have been shown to be im-
paired in schizophrenics in a multitude of studies, the present re-
sults can be considered as a further evidence for the pathogenetical
relevance of impairments of fronto-limbic control in schizophrenia.
Furthermore, the integrity of anterior hippocampus structure has
been linked to episodic memory performance, which was also
found to be disturbed in schizophrenics [5,6].
References:
[1] Sled JG, Pike GB. Magn Reson Med 2004; 51:299-303.
[2] Jack CR, Petersen RC, Xu YC, Waring SC, O´Brien PC,
Tangalos EG, Smith GE, Ivnik RJ, Kokmen E. Neurology 1997;
49:786-794.
[3] Duvernoy HM. The human hippocampus. Berlin: Springer,
1998.
[4] Mai JK, Assheuer J, Paxinos G. Atlas of the human brain. San
Diego: Academic Press, 1997.
[5] Hackert VH, Breteler MB. NeuroImage 2002;17:1365-1372.
[6] Strange BA, Dolan RJ. Proc Natl Acad Sci USA Neurobiology
1999;96:4034-4039.
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DTI changes in white matter following cranial radiation for
pediatric brain tumors
D. J. Mabbott1, S. Laughlin2, E. Bouffet3, M. D. Noseworthy4;
1Brain and Behavior Program, Research Institute, Hospital for
Sick Children and the Department of Paediatrics, University of
Toronto, Toronto, ON, CANADA, 2Diagnostic Imaging, Hospital
for Sick Children, Toronto, ON, CANADA, 3Paediatric Brain
Tumor Program, Hospital for Sick Children and the Department of
Paediatrics, University of Toronto, Toronto, ON, CANADA, 4Brain
Body Institute, St. Joseph's Healthcare, and Departments of
Radiology & Medical Physics and Applied Radiation Sciences,
McMaster University, Hamilton, ON, CANADA.

Purpose/Introduction: Cranial radiation therapy (CRT) is a cura-
tive treatment for many children diagnosed with brain tumors.
Unfortunately, white matter damage occurs following CRT in chil-
dren: Diffuse and multifocal white matter abnormalities have been
reported on clinical MRI. This damage can have an impact on cog-
nitive function. Diffusion Tensor Imaging (DTI) holds significant
promise for examining white matter microstructure and fiber in-
tegrity and may provide a sensitive measure of tissue changes fol-
lowing CRT. We examined differences in DTI measures for
children treated with CRT relative to comparison subjects.
Subjects and Methods: Data were acquired for 2 children treated
with CRT for medulloblastoma (9 yrs), 1 child treated without CRT
for an optic glioma (10 yrs), and 7 control children (10.5 yrs) with
a GE LX 1.5T MRI scanner using a single shot spin echo DTI se-
quence with an EPI readout (25 directions, TE/TR=100/6000ms,
22 contiguous axial slices, 3 mm thick, 128 x 128 matrix, FOV =
24 cm, rbw = 125 kHz). Apparent Diffusion Coefficient (ADC) and
Fractionated Anisotropy (FA) were evaluated using a region of in-
terest (ROI) approach in the genu of the corpus callosum (CC), the
anterior limb of the internal capsule (ALIC), and the inferior frontal
white matter (IFWM).Statistical evaluation of FA and ADC was
done for each ROI, including distribution analysis and median.
Qualitative comparisons were made for children treated with CRT
relative to controls.

Results: Overall, median FA was greatest in the CC and least in the
IFWM and ADC was greatest in the IFWM and least in the ALIC.
There was also trend of increasing FA and decreasing ADC with
age.
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Although there were no striking differences in median FA, his-
tograms were skewed to the left for children treated with CRT rela-
tive to the comparison samples and greater ADC medians were
observed.
Histograms of FA values (0 - 1) within the CC for CRT versus con-
trol child.

Discussion/Conclusion: Overall, values across ROIs were consis-
tent with the expected anatomical microstructure: for example
highest FA and lowest ADC were observed in the CC, a structure
with substantial directionality in fiber orientation. DTI may be sen-
sitive to white matter and fiber damage as differences in FA and
greater diffusivity were observed in children treated with CRT rela-
tive to the comparison a sample. Age is a confounding factor in this
pilot study. This will be controlled for in future studies with a larg-
er sample size.
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Evolution of inflammation and hydrocephalus in experimental
meningitis studied using MRI
C. Brandt1, L. Vejby Søgaard2, H. Simonsen2, C. Østergaard3, 
J. Lundgren4, O. Paulson2, I. J. Rowland2; 1National Center for
Antimicrobials and Infection Control, Statens Serum Institut,
Copenhagen, DENMARK, 2Danish Research Centre for Magnetic
Resonance, Copenhagen University Hospital, Hvidovre, Hvidovre,
DENMARK, 3Department of Clinical Microbiology, Copenhagen
University Hospital, Hvidovre, Hvidovre, DENMARK, 4Chip,
Copenhagen University Hospital, Hvidovre, Hvidovre, DEN-
MARK.

Introduction: The development of bacterial meningitis in an ex-

perimental model was characterized in vivo using magnetic reso-
nance imaging techniques. MR images were compared with results
from standard clinical, para-clinical- and histological evaluation
methods. The primary aim of this study was to characterize the de-
velopment of bacterial meningitis thereby enabling the evaluation
and optimization of therapeutic strategies for different disease
stages.
Materials and Methods: Rats were injected intracisternally with 1
x 105 CFU/ml. S. pneumoniae serotype 3 (n=29) or saline (n=14).
Rats were randomized for MR imaging at 6, 12, 24, 30, 36, 42 and
48 h post-infection and clinically assessed immediately prior to
MR investigation. Following imaging, CSF and blood samples
were obtained and brains harvested for histology. T1W, T2W, quan-
titative diffusion, dynamic MRI and post contrast (0.5 mmol/kg
GdDTPA) T1W measurements were acquired using a SISCO 4.7T
imaging system.
Results: Meningeal inflammation could be graded as 0=no inflam-
mation, 1=light, 2=heavy and 3=diffuse inflammation with an un-
clear boundary with the cerebral cortex. Ventricular inflammation
(ventriculitis) and subsequent ventricular expansion could be grad-
ed with scores from 0 to 3 similarly. In addition, intracranial com-
plications including hydrocephalus and brain damage were also
noted. Based on the summed scores obtained from the grading of
meningeal enhancement, ventriculitis and ventricular
expansion/hydrocephalus/brain damage, a final disease grade could
be assigned: 0 (total score 0 to 1), 1 (total score 2 to 4), 2 (total
score 5 to7) and 3 (total score 8 to 9).
Meningeal inflammation was highly significantly correlated to
both bacterial load and WBC in the CSF (P<0.0001 rho=0.68 and
P<0.0001 rho=0.76, Spearman rank). Meningeal inflammation fur-
thermore correlated significantly with clinical assessment and
motor performance score (P<0.0001 rho=0.74, P<0.0001 rho=0.75,
Spearman rank). Overt brain damage (necrosis, abscess formation,
hemorrhage) was detected in 5 rats from 36 h onwards in cerebrum
and cerebellum.
Conclusions: This work shows that MR can be used for staging of
experimental meningitis, providing a non-invasive means of char-
acterizing the dynamic evolution of the disease. In addition, MR
could aid the development of new therapeutic strategies designed
to minimize intracranial complications at specific disease stages.
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Assessment of brain tissue changes with T2* mapping -
Influence of susceptibility artifacts 
R. Mekle1, K. Szabo2, M. Griebe2, R. Kern2, J. Hirsch3, 
K. Scheffler1, A. Gass3,2; 1MR-Physics, Department of Medical
Radiology, University of Basel, Basel, SWITZERLAND, 2MR
Research Neurology, University Hospital Mannheim, Mannheim,
GERMANY, 3Neuroadiology/Neurology, University of Basel,
Basel, SWITZERLAND.

Purpose/Introduction: The high sensitivity to susceptibility ef-
fects of T2*-weighted MRI is currently clinically used to detect
even subtle signs of brain hemorrhage. Quantitative T2* mapping
has also gained recent interest to obtain quantitative information on
subtle brain tissue changes as they may occur in cerebrovascular
disease and neurodegenerative conditions. We investigated quanti-
tative T2* mapping using a high-resolution 2D sequence in intra-
parenchymal brain hemorrhage.
Methods: A high-resolution multi-echo Fast Low-Angle Shot
(FLASH) [1] sequence was implemented on a 1.5T SIEMENS
Sonata scanner. This gradient echo sequence allows the acquisition



of up to 32 echoes within a single TR for T2*-quantification. In ad-
dition, flow compensation along the phase encoding (PE) and slice
select directions was included. 2D multi-slice data for selected pa-
tient cases were acquired with the following scan parameters:
TR=142 ms, matrix=144x256, r FOV=180x240 mm², slice thick-
ness=5 mm, gap = 20%, NEX=1, and BW=90 Hz/pixel. 12 echoes
at echo times TEn=10 + n*11.16 ms (n=0, 1,2, …, 11) were ac-
quired for 16 slices. The total scan time amounted to 5:27 min.
Data were processed to calculate resulting maps using vendor pro-
vided software.
Results: Intraparenchymal hemorrhage showed strong susceptibil-
ity effects in the area of the bleed. With increasing echo times there
was a continuous increase in the size of the hemorrhagic low signal
lesion. The mean increase of the lesion area due to this effect was
280 % comparing the first echo (TE=10ms) and the last echo
(TE=133ms). When evaluating the quantitative T2* maps generat-
ed from the 12 echoes there was a blurring effect in the area of the
hemorrhage, which was due to the influence from the late echoes.
Figure 1 demonstrates changes from the 2nd (A) to the 8th (D) echo
and the corresponding T2* map (E).
Discussion/Conclusion: Susceptibility effects are dependent on
and increase with longer TEs in 2D gradient echo imaging. The
spatial extent of susceptibility effects changes with the echo time
and influences the appearance of normal anatomy and pathology.
This has implications not only for 2D but also 3D T2* mapping
techniques. When interpreting T2* maps, knowledge of the T2*-
weighted source images is necessary in order to be able to correct-
ly interpret quantitative T2* data.
References:
[1] A. Haase, J. Frahm, D. Matthaei, W. Hanicke, and K.-D.
Merboldt, "FLASH imaging. Rapid NMR imaging using low flip-
angle pulses," Journal of Magnetic Resonance, vol. 67, pp. 258-66,
1986.
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An attempt to differentiate autolytic and bacterial products in
decomposing brain
M. Ith1, M. Thali2, E. Scheurer2, R. Kreis1, R. Dirnhofer2, 
C. Boesch1; 1Department of Clinical Research, University and
Inselspital Bern, Bern, SWITZERLAND, 2Institute of Legal
Medicine, University and Inselspital Bern, Bern, SWITZERLAND.

Introduction: 1H-MRS studies have shown that several, otherwise
unobservable metabolites appear in decomposing sheep and human
brain after about three days post mortem [1]. For a thorough under-
standing of the decomposition mechanisms, it is important to dif-
ferentiate autolytic and bacterial products.
Subjects & Methods: In situ single-voxel 1H-MRS of brain tissue
was performed on 32 human bodies (General Electric SIGNA,
1.5T, PRESS, TR=3s, TE=20ms); PMI's were between 11 and 920
hours. We report on a specific case of a baby dying during birth

Brain, MRS S177

who was exhumed after five weeks for legal reasons (=> PMI =
897 hours). Bacterial analysis was performed on brain tissue ex-
tract. The baby�s 1H-MR-spectrum is compared with a spectrum
from a body with PMI ≈ 520 hours. Since changes at that post
mortem period are very slow, the two PMI�s are considered suffi-
ciently similar.
Results: Bacterial analysis revealed a sterile brain tissue sample.
The in situ 1H-spectrum of the baby brain is shown in Fig.1b)
whereas Fig.1a) gives an example of a spectrum from a body with
comparable PMI. The absence of the singlets from free trimethlam-
onium (fTMA at 2.9ppm), succinate (Suc) and acetate (Ace) is the
most obvious difference. In addition, we suspected butyrate (But),
isobutyrate (Ibut) and propionate (Prop), also to be of bacterial ori-
gin. The evaluation of all 32 human bodies revealed that at least
three of these metabolites are detected at PMI�s longer than 121
hours (13 cases). The spectrum of the baby represents a striking ex-
ception because fTMA, Suc and Prop do not appear at all in the
LC-Model results and But (2.52 ± 0.54 mmol/kgww) and Ibut (0.33
± 0.22 mmol/kgww) are elevated only slightly above in vivo levels. 

Discussion & Conclusion: The 1H-MR-spectrum of this baby rep-
resents a remarkable exception among all examined 32 human
cases, since several expected metabolites are either not detectable
(Suc, fTMA, Prop) or not significantly above in vivo levels (But,
Ibut). The most probable explanation is that the brain tissue turned
out to be sterile. Therefore, we conclude that the metabolites absent
in the sterile brain (Suc, fTMA, and Prop, and most likely also But
and Ibut) are of bacterial origin if observed in postmortem brain tis-
sue.
References:
[1] Ith M. et al., Magn. Reson. Med., 48: 915-920, 2002.
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1H-MRS as a noninvasive method useful in differential
diagnosis of Alzheimer�s vs Lewy - body diseases
A. Rotkiewicz1, R. Magierski2, W. Gajewicz1, I. Karlinska3, 
I. Kloszewska2, L. Stefanczyk1; 1Department of Radiology,
Medical University, Lodz, POLAND, 2Department of Old Age
Psychiatry and Psychotic Disorders, Medical University, Lodz,
POLAND, 3Department of Neurology, Medical University, Lodz,
POLAND.
Purposes: Patients with Alzheimer�s disease (AD) and Lewy-body
disease (DLB) can present very similar clinical picture, but they re-
quire a different therapeutic approach. Changes of brain metabo-
lites are well described in AD, in DLB, small clinical studies
suggest a different pattern of brain metabolites pathology than de-
scribed in Alzheimer�s disease. We applied 1H-MRS to assist the di-
agnostic process and to look for specific differences in the
metabolic content of the brain tissue in these two kinds of demen-
tias.
Methods: 24 elderly subjects with consensus criteria DLB (n =
12), NINCDS-ADRDA AD (n = 12), and normal control subjects
(n = 10) were examined. MR imaging was performed using a 1.5T
scanner in T1-weigted images in 3 orthogonal planes, without the
administration of paramagnetic contrast medium. 1HMRS was per-
formed with single-voxel (SVS) technique using STEAM sequence
(TR 2000 ms, TE 20 ms). The voxel was positioned in the tempo-
ral, occipital and parietal regions.
Results: In most AD patients, the myoinositol (mI) peak was ele-
vated compared to control subjects, especially in the centrum semi-
ovale and the BGM (fig.1). In the group of DLB patients mI peak
was not overly expressed compared to AD patients and control
group (fig.2). These changes in the brain metabolites were ob-
served in all voxel locations. NAA peak and NAA/Cr ratio were
lowered in both AD and DLB groups, comparing to the controls.
Differences were most significant in the BGM. The spectra from
the temporal lobe were of insufficient quality in 7 DLB, 6 AD pa-
tients and 2 control subjects due to the voxel location problems
connected with large brain atrophy and tremor (DLB).

Fig 1. Short echo time spectrum (STEAM20) from the parietal
white matter (centrum semiovale) of the AD patient. The myoinos-
itol peak is higher than in normal individuals and mI/Cre ratio is el-
evated.

Fig 2. Short echo time spectrum (STEAM20) from the parietal
white matter (centrum semiovale) of the DLB patient. The my-
oinositol peak is not as much expressed as in AD spectrum and
mI/Cre ratio remains within normal range.
Conclusions: 1HMRS can be an additional, important tool in de-
mentia study. The myoinositol peak can be differentiating factor in
diagnosis AD vs DLB but more data are needed for a full statistical
evaluation. It is difficult to scan patients in the later illness stages
due to tremor and the degree of brain atrophy, especially in the
DLB group.
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Brain MR imaging and MR spectroscopy related to cognition
in clinically isolated syndromes
J. Alonso1, M. J. Arevalo2, J. Porcel2, M. Tintoré2, 
X. Montalban2, A. Rovira1; 1Unitat de Ressonància Magnètica
(Institut de Diagnòstic per la Imatge), Hospital General i
Universitari Vall d'Hebron, Barcelona, SPAIN, 2Unitat de
Neuroimmunologia Clínica (Departament de Neurologia),
Hospital General i Universitari Vall d'Hebron, Barcelona, SPAIN.

Purpose/Introduction: Clinically isolated syndromes (CIS) can be
defined as neurological syndromes of acute or subacute onset that
are considered suggestive of the first episode of multiple sclerosis
(MS). Although previous studies have shown widespread axonal
damage (decreased in brain NAA), in CIS patients, there are no re-
ported data relating this finding with cognitive impairment. The
aim of this study is to investigate the correlation between the extent
of brain abnormalities detected by conventional and non-conven-
tional MR techniques and overall cognitive decline in patients with
CIS.
Subjects and Methods: From a cohort of 120 patients with CIS in
whom a prospective clinical and conventional MR study was per-
formed in our institution, a representative subgroup of 42 patients
(29 women, 13 men; mean age of 32.1 years) was also studied by
MR spectroscopy (MRS) with a spin-echo based pulse sequence
after selecting a large volume centered in the corpus callosum. At
the time of the MRS, an extensive battery of neuropsychological
tests related to verbal and visuospatial memory, attention/concen-
tration, and executive functions was performed. From the MR stud-
ies we calculated the T2 lesion load, gadolinium enhancing lesion
load, number of Barkhof criteria, normalized brain volume (total,
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white matter, grey matter), and NAA/Cr, NAA/Cho and Cho/Cr ra-
tios. Correlations between MR measures and the cognitive tests
were determined.
Results: Thirty of the 42 patients had an abnormal brain MR scan.
These 30 cases showed a significant increase in the Cho/Cr ratio
(p=0.032), and a significant decrease in NAA/Cho (p=0.048).
Eleven patients were considered to have low cognitive perform-
ance (as compared to a control group). No significant differences in
conventional MR measures were observed between patients with
normal or low cognitive performance. However, the NAA/Cr ratio
and brain volume (total and white matter) were significantly re-
duced in patients with low cognitive performance (p=0.021;
p=0.019; p=0.018).
There was a significant relationship between the composite MRI
measure of white matter axonal density (NAA/Cr x white matter
volume) and cognitive performance (r:-0.369; p=0.021), even after
adjusting for age and years of education.
Conclusion: CIS patients seem to have white matter, but not grey
matter volume loss. Diffuse (not visible by conventional MRI)
white matter damage is probably related to cognitive performance
in the earliest phase of MS.
Acknowledgements: Work supported by "Fondo de Investigación
Sanitaria" PI020971 grant of the "Ministerio de Sanidad y
Consumo", Spain.
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Detailed molecular differentiation among gliomas by HR-
MAS. A precise classification of GBM
M. C. Martinez-Bisbal1,2, D. Monleon1, B. Martinez-Granados1,
J. Piquer3, E. Molla4,2, A. Revert4, L. Marti-Bonmati2, B. Celda1;
1Quimica Fisica, Facultad de Quimica, Universitat de Valencia,
Burjassot, Valencia, SPAIN, 2Servicio de Radiologia, Clinica
Quiron, Valencia, SPAIN, 3Servicio de Neurocirugia, Hospital de
la Ribera, Alzira, Valencia, SPAIN, 4Servicio de Radiologia,
Hospital de la Ribera, Alzira, Valencia, SPAIN.

Introduction: Glioma tumours are the commonest neoplasia in the
human brain. There are several grades with different prognosis and
therapy response. Anatomo-pathology is the �gold standard� tech-
nique to characterize glioma biopsies. Nevertheless, the develop-
ment of molecular techniques, metabolic (HR-MAS NMR: High
Resolution Magic Angle Spinning NMR Spectroscopy) and genet-
ic (DNA micro-array), can help for a better management of these
tumours. Molecular study can be afforded with HR-MAS NMR,
used to study �quasi-liquid� matter, like tissue.
Methods: 12 Glioblastoma Multiforme (GBM), 4 Anaplastic
Astrocytoma (AA), 1 low grade glioma, 2 Oligodendroglioma, and
1 Gliosarcoma have been studied by HR-MAS. To a more precise
identification of the metabolites 1D and 2D experiments were ac-
quired: 1D 1H with water presaturation (Figure 1), 1D 1H with a T2
filter (cpmg: Carr-Purcell-Meiboom-Gill) to avoid macromolecules
contribution; 2D 1H homonuclear total correlation spectroscopy
TOCSY and 2D 1H 13C heteronuclear single quantum correlation
HSQC (Figure 2).
The temperature was set to 0ºC to prevent tissue degradation
through the experiments. The spinning (4 KHz) increased the tem-
perature inside the rotor to 4ºC. 3 GBM, 1 AA, 1 low grade glioma
and 1 Gliosarcoma were presurgicaly in vivo studied with both,
multivoxel (TE 272) including the lesion and surrounding appar-
ently non involved tissue, and single voxel (TE 31 and 136 ms) lo-
cated in the higher cellularity focus in multivoxel images (Figure 3).
Results: The ex vivo molecular study with 1D and 2D experiments

has allowed the assignment of almost 40 compounds (spin systems
as identified in TOCSY). Among the identified compounds there
are amino acids and lipid fragments, with a direct implication in the
tumoral grade. No significant sample degradation was observed in
1D 1H control spectrum at the end of the experiments (complete
HR-MAS study less than 25 hours). Differences have been ob-
served among the different glial grades and types of GBM (mainly
in amino acids, lipids, NAA and cholines resonances). Some ten-
dencies on mI content have been found by comparison of primary
and secondary GBM data (without histological differences and
only different in kitogenetic studies). The combination of ex vivo
(HR-MAS) and in vivo data was used to improve the MRI and 1H
MRS diagnosis (Figure 4).
Conclusions: The development of HR-MAS can provide an easy,
rapid and reliable technique for classifying and grading CNS tu-
mours that can be extended to other tumours type, as breast and
prostate, and be complementary to histological diagnosis.
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A new potentially useful quantitative parameter of the local
metabolic brain state after irradiation calculated from 1H
MRS spectra
L. Matulewicz, A. Cichon, M. Sokol; Biophysics Laboratory,
Institute of Oncology, Gliwice, POLAND.

Introduction: We propose the quantitative indicator for the charac-
teristic of the local metabolic brain state after irradiation. This pa-
rameter is bearing information concerned relation of resonances,
mainly between two important chemical groups in lipids as the
methylene (CH2, chemical shift at 1.3 ppm) and the methyl (CH3,
chemical shift at 0.9 ppm) and also with small influence of lactate
and alanine.
It is knowing that the increase of CH2 lipid groups signal intensity
of MRS spectrum is reflected by increment of the plasma mem-
brane lipids mobility as a result of cell destruction processes like
apoptosis [1, 2].
Subjects and Methods: 31 patients (mean +/- SD age, 40 +/- 12

years) received a diagnosis of glial tumors and after surgical opera-
tion were treated with 3D conformal techniques using 6-20 MV
photons. The total dose of 60 Gy was applied in fractions of 2 Gy.
The spectra were acquired from the brain regions without tumor 0-
500 days after the end of irradiation (N=251 spectra).
The whole-body MRI/MRS system (Elscint 2T Prestige) operating
at a field strength of 2T and a proton resonance frequency of 81.3
MHz was used equipped with the standard head coil. The spectra
were acquired from the volumes of 1.5x1.5x1.5cm3 using a double-
spin-echo PRESS sequence with the following parameters:
TR=1500 ms, TE=35 ms, 50 acquisitions.
The spectra analysis by our method does not require any special
commercial computer application for normalization and peak fit-
ting, is simple and time-sparing.
Results: Our parameter CG (centre of gravity 0-1.8 ppm) is ex-
pressed by equation:

In the above formula: i is a value of chemical shift position (ppm)
and A(i) - signal intensity at i ppm.

Conclusion: Our results showed that the biochemical state of irra-
diated brain might be describing by single parameter CG which
value decreases with time progressing after irradiation (see figure).
It can be explain by disappearing influence of damage and the de-
crease of CH2/CH3 ratio in brain lipids [1, 2].
References:
[1] Blankenberg FG et al [1997] Blood. 89:3778-86
[2] Griffin JL et al [2003] Cancer Res. 63:3195-201
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Changes in intracellular pH (pHi) in the basal ganglia of HIV-
infected adults
E. Z. Kovacs1, S. Buchthal2, B. Bush3, W. Chu4, A. Madan5, 
K. Netson5, B. Shelton6, C. Kinney3, J. den Hollander7, 
B. Nabors8, M. Kilby9, D. Benos1; 1Physiology and Biophysics,
University of Alabama at Birmingham (UAB), Birmingham, AL,
2Depatment of Medicine, University of Alabama at Birmingham
(UAB), Birmingham, AL, 3Depatment of Psychiatry, University of
Alabama at Birmingham (UAB), Birmingham, AL, 4Department of
Radiology, Albert Einstein College of Medicine, New York, NY,
5Department of Psychology, University of Alabama at Birmingham
(UAB), Birmingham, AL, 6Markey Cancer Center, Univ. of
Kentucky Schools of Medicine and Public Health, Lexington, KY,
7Department of Medicine, University of Alabama at Birmingham
(UAB), Birmingham, AL, 8Department of Neurology, University of
Alabama at Birmingham (UAB), Birmingham, AL, 9Department of
Infectious Diseases, University of Alabama at Birmingham (UAB),
Birmingham, AL, UNITED STATES.

Introduction: HIV infection can lead to impaired neuropsycholog-
ical function and to the development of HIV-associated dementia
(HAD). Since neurons are not directly infected by HIV, its deleteri-
ous effects on the nervous system may be due to alterations in neu-
ronal enviroment, changes in ion and solute transport. Intracellular
alkalinization in HIV-infected astrocyte-cultures1 and in the cere-
bellum of asymptomatic HIV+subjects2 were observed previously.
We extended our examination to the basal ganglia which play a piv-
otal role in the development of HAD carrying the heaviest viral
load in the brain. Phosphorus magnetic resonance spectroscopic
imaging ( 31P-MRSI) was performed on 25 HIV+subjects with vari-
ous degree of HAD and 21 HIV- (healthy) controls to investigate
the changes in pHi associated with the progression of HAD.
Subjects and Methods: All 46 subjects underwent MRI and 31P-
MRSI on a 4.1T MR spectroscopy/imaging
system and completed a standard neuropsychological battery to de-
termine HAD stage. Using 31P-MRSI (TR=74 ms, 18° block pulse,
22x22x22 phase encoding scheme with spherical gaussian weight-
ing in k-space) localized spectra were acquired from 11.5 cc voxels
located in the basal ganglia. The pHi was calculated from the dis-
tance of the inorganic phosphate peak from the phosphocreatine
peak3.
Results: No pHi change was observed comparing all HIV-infected
subjects to controls (mean=7.024±0.007 versus 7.021±0.008). In
asymptomatic HIV+ subjects (HAD0, n=5) there was a tendency
toward pHi elevation compared to controls (mean=7.046±0.016
versus 7.021±0.008) while in patients with more severe dementia
(HAD4, n=6) pHi tended towards acidic resulting in significant
pHi difference between HAD0 and HAD4 patient groups
(mean=7.046±0.016 versus 6.999±0.015 p=0.0458).
Conclusion: The elevation of pHi in asymptomatic patients may
correspond to astrocyte activation, proliferation and the initial hy-
permetabolism in the basal ganglia during the development of
HAD observed also with positron emission tomography4.
Intracellular acidification at later stage maybe associated with hy-
pometabolism resulted from cellular damage and neuronal death.
31P-MRSI may be used for non-invasive monitoring of the cellular
changes associated with the progression of HAD. Supported by
NIMH Grant #MH50421.
References:
[1] Patton, H.K., Zhou ZH, Bubien JK, Benveniste EN, Benos DJ
[2000] Am.. J. Physiol. Cell Physiol., 279:C700-C708

[2] Patton, H.K.,et.al. [2001] NMR Biomed., 14:12-8
[3] Petroff, O. A. J.W. Prichard, K.L. Behar, J.R. Alger, J.A. den
Hollander, and R.G. Shulman [1985] Neurology, 35:781-788.
[4] von Giesen H.J., Wittsack HJ, Wenserski F, Koller H, Hefter H,
Arendt G [2000] Arch Neurol,57:1601-7
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Comparison of the memory functions in elderly and young
healthy controls and Alzheimer's disease (AD) patients, using
functional magnetic resonance imaging (fMRI) 
A. Urbanik1, B. Sobiecka1, M. Binder2, J. Kozub1, 
M. Kuniecki2; 1Department of Radiology, Jagiellonian University,
Collegium Medicum, Kraków, POLAND, 2Department of
Psychophysiology, Jagiellonian University, Institute of
Psychology, Kraków, POLAND.

Purpose: The aim of the study was to assess differences in the neu-
ral correlates of nonverbal memory functions in pathological and
normal ageing.
Methods: Thirty-six volunteers were examined in a 1.5 T MR
scanner. Three groups of twelve subjects were examined: young
and elderly healthy controls, and patients with probable AD diag-
nosis. Subjects were required to memorize complex geometrical
figures. After the scanning session, they were all asked to redraw
these figures. Their performance was scored. Image data were
analysed with SPM99 statistical package.
Results: Both control groups copied drawings more accurately
than the AD group. In all groups, the most prominent differences
were seen in frontal regions and the occipital lobes, extending to
the temporal. For each group this pattern was dissimilar. For the
AD group moderate activation in the occipital lobe was observed,
but no activation in frontal lobes. In turn, the elderly group re-
vealed quite weak activation in occipital lobes and strong bilateral
activation in the frontal lobes. Finally, in the young adults group
there was very prominent activation in occipital lobes, as well as in
the frontal lobes, with apparent left-hemispheric dominance.
Conclusions: We have succeeded in revealing differential patterns
of brain activation in the studied groups during nonverbal memory
encoding. Our results suggest that a successful encoding requires
an involvement of frontal lobes, that are probably responsible for
the strategic aspects of memory functions. As was shown in the eld-
erly control group, frontal lobes can compensate for the deteriorat-
ed visual memory which is known to decline over time.
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fMRI estimation of sexual differences in processing of the af-
fective visual stimuli 
A. Urbanik1, M. Kuniecki2, B. Sobiecka1, J. Kozub1, 
L. Podsiadlo1, M. Binder2; 1Department of Radiology,
Jagiellonian University, Collegium Medicum, Kraków, POLAND,
2Department of Psychophysiology, Jagiellonian University,
Institute of Psychology, Kraków, POLAND.

Purpose: In this study, using fMRI technique, we examined sexual
differences in processing of emotionally loaded (positively and
negatively) visual information.
Materials and Methods: Thirty three volunteers, fifteen women
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and eighteen men were examined in the Signa 1.5T MR system
(BOLD). Each experimental session consisted of five activation
periods, three of which constituted baseline and two experimental
condition. In experimental condition subjects were shown slides
selected on the basis of high score on Arousal and Valence scale
from standardized IAPS picture set, while in the baseline condition
custom prepared color checkerboards were presented. There were
two runs, in the first run subjects saw only negatively valenced pic-
tures, during the second run only positive pictures were shown.
Results: Processing of positive stimuli evoked activation in the bi-
lateral occipito-temporal cortex both in men and women. Explicit
comparison of men and women yielded more pronounced activa-
tion in occipito-temporal cortex in the male group. In the negative
condition we observed common to both sexes activations in occip-
ito-temporal cortex, insulae and amygdala. Comparison of men and
women sub samples showed stronger activation in the region of ex-
tended amygdala.
Conclusion: Activation of bilateral occipito-temporal cortex
proves enhancement of visual processing of emotional slides as
compared to neutral checkerboards. In case of negative stimuli sex
differences in activation of extended amygdala points to the diver-
sity in functioning of the early warning system in which amygdala
is the key component. Common activations of insular cortex are
probably related to autonomic arousal accompanying watching
emotional content.
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Toward quantitative method for assessment of the fasting ef-
fect on the healthy brain function using functional Magnetic
Resonance Imaging 
S. Boujraf1, S. Tizniti2, M. Jiddane3; 1Biophysics Department,
Faculty of Medicine and Pharmacy, Fez, MOROCCO, 2Radiology
Department, University Hospital of Fez, Fez, MOROCCO,
3Neuroradiology Department, University Hospital of Rabat,
Rabat, MOROCCO.

Introduction: BOLD contrast is used to identify areas of neuronal
activity in MRI. Therefore, fMRI based on BOLD contrast mecha-
nisms has become a powerful tool to investigate the functional or-
ganization of the human brain.
Fasting during day period for one month (Ramadan) is known be-
haviour of Muslims all over the world. However, this nutritional
behaviour has not been studied yet. In particular, it�s impact on the
healthy brain function and activity. In this paper we are reporting
study of the impact of fasting according the Muslims community,
on the motor function, as assessed using BOLD-fMRI.
Material and Method: Six right hand Muslims were recruited for
this study, with average age of 41 years old; all the subjects did fast
during all the fasting month daily, they began before the sunrise
and they end by the sunset. The subjects performed self-paced
(~1.5Hz), simple motor task with the dominant hand for 30s alter-
nating with rest in a block design for 3 minutes. The first set of
measurements was executed in the 10 days prior the start of fasting,
while the second set were achieved during the last five days of
Ramadan. BOLD-sensitive fMRI was carried out on a 1.5 Tesla
magnet (Signa, General Electric) using a GE-EPI sequence (TE/TR
50/3750ms, flip angle 90°). 20 axial slices (resolution 4x2x2 mm)
covering the whole motor area of the brain were acquired. All data
underwent identical post-processing using SPM with statistically
significant correlation of P<0.01. Average and maximum BOLD
contrast were determined for the cluster of activation in the M1
motor area in each subject.

Results and Discussion: The size of the activated area in the motor
cortex significantly increased by the end of Fasting month versus
the few days previous Ramadan showing an increase of the size of
oxygenated cortical area, corresponding to the control of the motor
function (Figure 1); Even more, our results do show an increase of
the intensity of maximal BOLD signal as well as an increase of the
percentage of this signal (Figure 2) reflecting an increase of the
oxygenation level of the motor control function area.
Conclusions: The BOLD-fMRI is sensitive imaging method to the
changes in the functional activity that are related the nutritional be-
haviour. In the mean time, fasting as nutritional behaviour is
demonstrated as of impact on the improvement of the cortical area
involved in the motor control.

Figure 1. The size of the activated motor area M1 of the brain (in
pixels) when Fasting versus No Fasting.

Figure 2. The signal change and the % signal change in the activat-
ed motor area M1 of the brain when Fasting versus No fasting.

315
A simple blocked design fMRI experiment for detection of au-
ditory brain activation
M. Amann1, B. Stieltjes2, L. R. Schad1, P. Siegler1;
1Medizinische Physik in der Radiologie, DKFZ, Heidelberg,
GERMANY, 2Radiologie, DKFZ, Heidelberg, GERMANY.

Introduction: Acoustic noise from the MR scanner often impairs
the results of auditory fMRI experiments. Several methods have
been proposed to accomplish this problem, for example �sparse
scanning� methods [1] or optimized event-related techniques [2].
These methods require long measurement time and/or extensive
data post-processing.
In this work, we were primarily interested in the mere localisation
of the auditory cortex rather than detecting the dynamics of the ac-
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tivation. For this purpose, a simple and robust blocked design fMRI
paradigm was developed.
Methods: The experiments were performed on a 1.5T scanner
(Magnetom Symphony, Siemens, Germany) using a conventional
circular polarized head coil. A T2*-weighted EPI sequence
(TR/TE/α=4s/50ms/90°) was used to acquire 24 consecutive axial
slices covering the cerebrum. The spatial resolution was
1.9x2.5x4mm3 with a total measurement time of 6min.
90 images per slice were measured, alternating 10 images at rest
and 10 images during stimulation. During stimulation phase, a co-
herent text was read to the volunteers. The volunteers were advised
to complete the text notionally if text passages were superposed by
noise. An additional delay (∆T=0.5s) without any scanner noise
was inserted between each imaging block (Fig. 1) to improve text
comprehension.
Data post-processing was performed using scripts based on AFNI
[3], including motion correction and spatial smoothing (Hanning-
Window, FWHM=4mm). A cross-correlation analysis was carried
out with a theoretical time course (boxcar function convolved with
the hemodynamic response function). A nearest-neighbour cluster
algorithm was applied (activation threshold p<10-3, minimal cluster
volume 250µl). The parameter maps were then overlaid to the re-
aligned EPI images. The complete data post processing with the
standardized AFNI scripts took less than one hour per experiment.
Results: In all subjects (n=8), distinct activation in the primary au-
ditory cortex and in Wernicke�s area (Fig. 2a-c) was detected.
Average signal change was >3% in all cases (Fig.3). In 6 subjects,
additional activation was found in Broca�s area (Fig 2d-f).
Discussion: In this abstract, an efficient and robust fMRI paradigm
for auditory stimulation was presented. Reliable auditory activation
was found in all subjects. No negative interference between noise
and auditory stimulus was detected. The text completion instruc-
tion led to obvious Broca activation in most subjects. The experi-
ment including data post-processing can be completed within one
hour and is therefore suitable for clinical purposes e.g. for therapy-
planning.
References:
[1] Elliott MR et al. [1999]. Magn.Reson.Med.41:1230-1235.
[2] Schmithorst VJ, Holland SK [2004]. Magn.Reson.Med.51:399-
402.
[3] Cox RW [1996]. Comp.and.Biomed.Res.29:162-173.

Fig. 2.: Six slices of one volunteer showing the primary auditory
cortex and Wernicke�s (a-c) and Broca�s area (d-f). The time course
of the voxels marked with a yellow cross in (c) is shown in figure 3.
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fMRI of visual and vestibular interaction
C. K. Schraa-Tam1, A. v/d Lugt1, M. A. Frens2, M. Smits1, 
P. C. van Broekhoven2, J. N. v/d Geest2; 1Radiology, Erasmus
MC Rotterdam, Rotterdam, NETHERLANDS, 2Neuroscience,
Erasmus MC Rotterdam, Rotterdam, NETHERLANDS.

Purpose/ Introduction: When caloric vestibular stimulation is ap-
plied with the eyes closed, subjects often feel a strong sense of
being rotated. However, when they have their eyes opened, a mis-
match is created between the vestibularly induced sense of rotation
and the visually induced sense of stability. We employed a func-
tional MRI paradigm to study the interactions between vestibular
and visual stimulation that lead to the attenuation of the vestibular
response.
Subjects & Methods: Five healthy volunteers (of about 30 years
of age) participated in two experiments. In both experiments
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vestibular stimulation was induced by injecting cold water (± 20
degrees Celsius; 120 ml in 15 secs) into one ear. Each experiment
consisted of six runs, in which each ear was stimulated alternating-
ly for three times. In the first experiment subjects had their eyes
closed, whilst in the second experiment subjects kept their eyes
open during stimulation. Subjects had to indicate when the sense of
rotation started and ended.
In each experiment, a T1 weighted SE (TR/TE 500/14ms) anatom-
ical reference scan was acquired, followed by T2* weighted single
shot gradient echo EPI functional scans (TR/TE=3400/50ms, ma-
trix 64x64 and 4mm slice thickness) on 1.5T MRI scanner (Signa,
GE). In an event-related analysis, the image data were processed
with SPM-99 on both single-subject and group analysis leve, and
the evoked activations were evaluated with respect to the start and
end of the sense of rotation.
Results: When the eyes are closed when caloric stimulation was
applied, activations were observed in several areas which included
the posterior insula, central sulcus area, frontal gyrus, inferior pari-
etal gyrus, superior temporal gyrus, and also the supplementary
motor area and hippocampus, but no cerebellar activity was ob-
served. (fig1). However, when the eyes were kept open, the cere-
bellar vermis (lobule VI) was activated as well as several other
areas (superior frontal gyrus, paracentral lobule, and (para-)hip-
pocampal areas) (fig 2)
Discussion / Conclusion: Our results corroborated previous find-
ings of vestibular stimulation when the eyes are closed.
Furthermore, when the eyes are open, our results shows activations
in several areas that are believed to be involved in processing infor-
mation about the position of the body and motion relative to the
outside world in order to maintain balance.
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fMRI of smooth pursuit and optokinetic reflex eye movements
C. K. Schraa-Tam1, A. v/d Lugt1, M. A. Frens2, 
J. N. v/d Geest2; 1Radiology, Erasmus MC Rotterdam, Rotterdam,
NETHERLANDS, 2Neuroscience, Erasmus MC Rotterdam,
Rotterdam, NETHERLANDS.

Introduction: We used functional Magnetic Resonance Imaging
(fMRI), to explore the overlap and differences in the brain areas
that are involved in smooth pursuit and the optokinetic reflexive
eye movements respectively.
Subjects and Methods: Eight healthy volunteers (of about 30
years of age) participated in three experiments. For each experi-

ment, T2*-weighted single shot gradient echo EPI functional scans
were acquired (TR/TE 3750/50ms, matrix size 64x64, slice thick-
ness 4mm). The image data was processed with SPM-99 on both
single-subject and group analysis level.
In the first experiment, smooth pursuit eye movements were
evoked by a single dot. In the second experiment, optokinetic eye
movements were evoked by a fixed random dot pattern. In the third
experiment, the optokinetic reflex was evoked by a random pattern
of dynamic dots that were randomly repositioned every 50 ms (i.e.,
the dots have a limitied lifetime), which effectively prohibits ocular
following by smooth pursuit. In each experiment a block design
was used with three conditions of 30 seconds with 5 repetitions: the
stimulus moved to the left, moved to the right or was standing still.
Results: For smooth pursuit eye movements, bilateral activations
were found in several cortical areas as well as bilaterally in the
cerebellum. For optokinetic stimulation with a fixed dot pattern
similar cortical activations were observed (e.g., area MT/V5).
However, with a dynamic random dot pattern activations we ob-
served activity on the contralateral hemisphere. Furthermore, we
observed that the amount of activation in the cerebellum is less for
optokinetic stimulation with a fixed pattern than for smooth pursuit.
Discussion & Conclusion: The activations found with optokinetic
stimulation with a fixed pattern and with smooth pursuit stimula-
tion are as expected quite similar and support the idea that the re-
spective neuronal pathways overlap. However, we did observe a
difference in both place and level of the cerebellar activity (con-
tralateral for OKR without smooth pursuit, but bilateral for smooth
pursuit and optokinetic stimulation with a fixed pattern). Our re-
sults may suggest that the cerebellum is particularly important for
following a dynamic pattern. We can conclude that the the human
brain areas involved in smooth pursuit and optokinetic eye move-
ments do overlap, but that there are substantial differences in acti-
vations as well.
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Preoperative fMRI and intraoperative cortical stimulation for
the planning of minimal destructive neurosurgery
R. Huttary1, M. Verius1, F. Koppelstätter1, C. Siedentopf1, 
T. Fiegele2, W. Recheis1, W. Eisner2, S. Felber1; 1Radiology II,
University Hospital Innsbruck, Innsbruck, AUSTRIA,
2Neurosurgery, University Hospital Innsbruck, Innsbruck,
AUSTRIA.

Introduction: Intraoperative cortical stimulation (ICS) enables the
creation of individual maps of motoric, sensitive and higher cogni-
tive functions. The correlation between ICS and preoperative fMRI
is an important field of research for neurosurgery and neuroradiol-
ogy. If eloquent cortical areas can be localized with fMRI and cor-
related with ICS, for many patients the cumbering and elaborte
intracortical stimulation could be spared.
Methods: We performed preoperative fMRI in 7 patients sched-
uled to neurosurgical operations with ICS in eloquent brain areas.
For fMRI we employed appropriate paradigms for the activation of
selected brain regions infiltrated or shifted by the tumour. In this
study motor paradigms, e.g. finger tapping, tension of biceps etc.,
were performed on a 1.5 Tesla whole body scanner (Magnetom VI-
SION, Siemens) with a conventional circular polarized head coil.
T2* weighted images were acquired with a single shot EPI se-
quence allowing simultaneous measurement of 15 slices within 2
sec (TR/TE/α=4sec/64ms/90o). To avoid motion artifacts a self-de-
veloped device was used to provide a rigid head fixation within the
head coil. Data analysis was performed using the SPM99 software
package.
During ICS the stimulation points were marked with sterile num-
bers (Fig.1) on the cortical surface. Stimulation- and reference
points (drilling holes in the skull, see Fig. 2) were digitized with an
ultrasound digitizer. ICS for motor monitoring was performed with
a bipolar stimulation tweezer, the stimuli were applied for 3 to 6
seconds, motor phenomena in face and contralateral limbs were ob-
served and documented. The intensity of the stimulation current
was varied from 5mA to max. 35mA.
The matching of all relevant data (preoperative MRI and fMRI, in-
traoperative digitized points, postoperative CT) was performed
using the software packages CURRY® and ANALYZE®.
Results: Fig. 2 shows the reference- and stimulation points in rela-
tionship to the drilling holes in the skull. Fig. 3 shows the segment-
ed brain of a tumour patient with the stimulation points of the ICS
overlaid to the fMRI activation map (orange cloud) corresponding
to repeated contractions of the left arm biceps muscle. During ICS
this patient showed motor phenomena in the left upper extremity
when stimulated within the preoperative fMRI activation area.
Discussion: In this preliminary study we could demonstrate a good
correlation between preoperative fMRI and ICS for the motor cor-
tex. In larger tumours with more extensive craniatomies the corre-
lation suffers from intraoperative brain shift. Within these
limitations, preoperative fMRI facilitates the intraoperative posi-
tioning of ICS stimulation points.
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Neuroanatomy of depressive patients with sexual dysfunction:
functional MRI
G. Jeong, H. Kang, J. Seo, H. Kim, S. Cho, S. Eun;
Department of Radiology, Chonnam National University Hospital,
Kwang-Ju, REPUBLIC OF KOREA.
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fMRI data analysis on schizophrenic patients under auditory
stimuli. A comparison between the General Linear Model
(GLM) and Independent Component Analysis (ICA) 
S. C. Coello1, D. Moratal-Pérez1, F. Castells1, J. J. Lull1, 
L. Martí-Bonmatí2, J. Sanjuan3, J. Millet-Roig1; 1BET Research
Group, Universidad Politècnica de Valencia, Valencia, SPAIN,
2Radiology Department, Dr. Peset University Hospital, Valencia,
SPAIN, 3Department of Psychiatry, Hospital Clínico Universitario,
Valencia, SPAIN.

Introduction: General Linear Model (GLM) is prevailing in fMRI
(functional Magnetic Resonance Imaging) analysis. This approach,
based upon a model of the time course and an hemodynamic re-
sponse estimation, is limited on studying task-related areas. ICA
(Independent Component Analysis), a data-driven method in which
no a priori assumptions are needed about the time course reference,
has been shown to be an accurate tool for fMRI analysis . We com-
pared ICA to GLM fMRI results for task-related analysis, auditory
stimuli in patients with schizophrenia and chronic auditory alluci-
nations.
Subjects and Methods: fMRI studies were carried out on 24
schizophrenic patients. Eighty dynamics covering the whole brain
were acquired under two different auditory verbal stimuli. The
stimuli had an ABAB task design and were performed twice: with
and without emotional content.
GLM analysis was performed using SPM 2.0 (FIL, London, UK),
and ICA using Fastica 2.2 (HUT-CIS, Helsinky, Finland). Pre-pro-
cessing steps were applied throughout SPM: motion correction,
coregistration, normalization, spatial smoothing (FWHM 4.0mm)
and high-pass temporal filter (T=128 s). After statistical analysis, z
statistic images were thresholded using corrected (family wise
error) p=0.05. Independent components (IC) were calculated in a
30-dimensional subspace using PCA (Principal Component
Analysis). To threshold task-related IC, a combination of temporal
cross-correlation (r>0.7) and potential spectral density properties
of the main frequency area were used.
Results: ICA returned task-related activation maps almost identical
to the ones using GLM (fig.1). We had no 'false negative' area be-
tween ICA and our reference GLM (area>20 voxels). In addition,
other non-task related IC (transiently task-related, quasiperiodic,
slowly varying) were returned.

Fig.1: Mapping of task-related independent components. The left
ones are GLM results, and the rigth ones are from ICA.
Discussion: ICA and GLM results fit quite well, showing the ro-
bustness and the spatial accuracy of the ICA method. Moreover,
ICA can also be used to distinguish between non-task related com-
ponents, movements and other artifacts, and should be considered
to improve the fMRI preprocessing [2]. Further research and incre-
ment in the number of analysed patient will focus on how to com-
bine both methods for a more performant analysis.
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The impact of susceptibility gradients on EPI and spiral MRI
for BOLD fMRI
R. Sangill, P. Vestergaard-Poulsen, M. Wallentin, L. Østergaard;
Dept. of Neuroradiology CFIN, Århus University Hospital, Århus
C, DENMARK.

Introduction: BOLD fMRI requires pulse sequences sensitive to
the BOLD effect. Geometric precision is also very important.
Finally, rapid data collection is highly desirable. Much published
work uses EPI although more recently spiral MRI has been intro-
duced. This technique allows faster acquisition, is less sensitive to
motion[1], and is more temporally stable[2]. Both sequences suffer
geometrical errors and loss of sensitivity in variable susceptibility
areas.
We hypothesize that spiral MRI is better suited for BOLD fMRI in
regions of high susceptibility changes and test this by constructing
a general simulation framework which allows isolating the effects
of susceptibility gradients. The simulations were then validated ex-
perimentally.
Methods:
Simulations: A finite elements type of simulation is performed for
each sequence and activation state. Activation is mimicked by ex-
tending T2

* and detected by a pixel-wise t-test. The t-score is used
as a measure of the strength of activation and the centroids of acti-
vated areas are determined to allow testing the geometrical fidelity.
Experiments: A five cycle paradigm of paced finger-tapping was
used and activation determined using SPM99. Sadato et al used
PET to determine the position of S1/M1[3] and their coordinates
were used as reference.
Results:
Simulations: The simulations show EPI to be more sensitive than
spiral MRI. Both lose sensitivity where the susceptibility gradient
increases, however, the EPI images show a substantial deterioration
of geometrical precision whereas spiral MRI primarily suffers a
loss of sensitivity, which can be remedied by using more experi-
ment time.
Experiments: Spiral MRI is significantly more sensitive than EPI
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whereas the absolute geometrical errors of spiral MRI and EPI rel-
ative to PET coordinates were comparable. The EPI data, however,
show a significantly larger variance in the anterior-posterior
(phase-encode) direction (see figure), whereas the spiral data show
comparable variance in anterior-posterior and left-right directions.
Discussion: The higher sensitivity of spiral MRI seen in the exper-
iments but not in the simulations are likely due to the higher tempo-
ral stability of spiral MRI which has not been included in the
simulations. The higher sensitivity of spiral MRI together with the
smaller geometric variance make a good argument for choosing
spiral MRI for BOLD fMRI. Finally, the localization error relative
to PET data, although small, is a reminder that PET and fMRI de-
tect different activation related physiological changes.
References:
[1] Meyer et al, MRM, 28(202-213), 1992
[2] Yang et al, MRM, 36(61-67), 1998
[3] Sadato et al, J Cereb Blood Flow Metab, 16(23-33),1996
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Brain tissue segmentation according to the characteristics of
contrast agent curves
C. Kiefer, J. Slotboom, L. Remonda, C. Ozdoba, R. Wiest, 
G. Schroth; Neuroradiology, Institute for Diagnostic and
Interventional Neuroradiology, Bern, SWITZERLAND.

Purpose: This study demonstrates the technique of multiresolution
fuzzy classification as a tool for segmenting contrast enhanced
brain tissue. The algorithm uses the temporal behavior of contrast
agent curves to separate i.e irreversible infarcted tissue from the
penumbra.
Subjects and Methods: The multiresolution fuzzy clustering algo-
rithm (1) usually used in fMRI is a useful technique to classify ac-
tivated brain segments. In this study the algorithm is used to
classify infarcted brain tissue according to the dynamical behavior
of contrast agent.
Results: Nine patients with a hemispheric stroke were examined
with a first pass bolus tracking single shot EPI (N=40 acq., S=12
slices). A standard 3-scan-trace diffusion weighted EPI was used to
detect the ischemic core via the ADC drop. In figure 1a and b the
classified regions are shown presenting the ischemic core (1a) and
the penumbra (1b). Figure 1c presents the ADCs (1. row) and TTPs
(2. row) without (1.column) and with superposed classified maps
(2.column) and the mean contrast agent curve for the penumbra.
The classification algorithm also has been applied to CT perfusion
data (N=45, S=2). In this case a separation of penumbra and is-
chemic core was not possible.

Conclusion: Multiresolution fuzzy clustering enables the segmen-
tation of MR perfusion maps into irreversible affected brain re-
gions and the penumbra. The CT perfusion maps did not reveal
such a possibility.
References: 
[1] Buerki M, Lovblad KO, Oswald H, Nirkko AC, Stein P, Kiefer
C, Schroth G: Multiresolution fuzzy clustering of functional MRI
data. Diagnostic Neuroradiology 2003.

323
Tuning postlabeling delay time and labeling plane positioning
of continuous arterial spin labeling at 3T
C. P. Lanting, M. J. Versluis, P. J. Koopmans, 
J. M. Hoogduin; BCN Neuroimaging Center, University of
Groningen, Groningen, NETHERLANDS.

Purpose: The purpose of this work is to study the effect of varia-
tions in postlabeling delay (PLD) time [1] and labeling plane posi-
tioning (LPP) on continuous arterial spin labeling (CASL) at 3T.
Using an optimal PLD time, fMRI using CASL is performed.
Introduction: CASL can be a good alternative to BOLD fMRI
when performing longitudinal fMRI studies [2]. However, CASL
has many parameters to adjust. Here PLD time and LPP are tuned
before using CASL in an fMRI motor study.
Methods: Experiments were performed with three volunteers on a
3T Philips Intera scanner using a T/R-head coil. Nine slices (220
mm FOV, 64 x 64 matrix, 8 mm slice thickness, 1 mm slice gap)
were obtained for eight different PLD times (200-1600 ms in steps
of 200 ms) using spin echo EPI (TE = 34 ms, TR = 5000 ms).
Labeling (duration: 2400 ms) was applied at a different position in
each volunteer (distances -60, -80 and -100 mm beneath the center
of the acquired slices). Post processing was done using IDL. All
data were realigned to the first non-labeled volume acquired. The
mean signal change was determined by averaging the difference
volumes. Using a PLD time of 1000 ms and a LPP of -60 mm,
block fMRI motor experiments in one of the volunteers were per-
formed (design: 6 scans motor task (opening/closing right hand)
and 6 scans of rest with a total of 90 scans).
Results: Figure 1 shows perfusion images at three different PLD
times using a LPP of -80 mm of one volunteer. Feeding arteries are
visible at short PLD times. Figure 2 shows the mean signal change
as function of PLD time. The mean signal change decreases with
increasing PLD time. In the range of 800 - 1200 ms variations of
mean signal change (and thus perfusion) seem independent of vol-
unteer and LPP. Figure 3 shows brain activation in the primary motor
cortex (T > 4.7 corresponding to P < 0.05 corrected for multiple
comparisons) using a PLD time of 1000 ms and a LPP of -60 mm.
Conclusion/Discussion: Results show that sensitivity to LPP is
low in the range of 800 - 1200 ms for PLD time. A low intersubject
variability within this range is observed.
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16(6):1236-49.
[2] Wang J, Aguirre GK, Kimberg DY, Roc AC, Li L, Detre JA
[2003] Magn. Reson. Med. 49(5):796-802.

S188

324
Optimal flip-angle choice in GRE-EPI fMRI
J. J. Lull1, L. Martí-Bonmatí2,3, D. Moratal-Pérez1, 
A. Vallés-Lluch4, J. V. Manjón1, M. Robles1; 1Bioengineering,
Electronics and Telemedicine Research Group, Universitat
Politècnica de València, Valencia, SPAIN, 2Radiology Department,
Dr. Peset University Hospital, Valencia, SPAIN, 3Radiology
Department, Clinica Quirón, Valencia, SPAIN, 4Chemical
Engineering Department, Universitat Politècnica de València,
Valencia, SPAIN.

Introduction: SNR, an important limit in fMRI, is influenced by
the flip-angle in GRE-EPI sequences. An optimization of the flip-
angle is presented through signal strength and signal stability meas-
urements.
Method: fMRI procedures were obtained in two Philips Intera
1.5T machines with different gradients. Each fMRI experiment
consisted of 80 dynamic acquisitions covering the whole brain (24
slices) with a GRE-EPI (TR=2000 ms, TE=50 ms, slice thickness 5
mm, 96x96 acquisition matrix, FOV=220 mm).
The flip-angle was varied from 35º to 95º, on 15º intervals. The
whole flip-angle test was performed three times in different days.
The motor activation paradigm was designed as hand apprehension
(the subjects opened and closed the hand at 1 Hz in the activation
block [A] being motionless in the rest block [R]).

fMRI images were analysed using SPM2 (Statistical Parametric
Mapping, FIL, London, UK). The process consisted of realign-
ment, coregistration to anatomical images and smoothing (6 mm
full-width half-maximum kernel). Statistical images were finally
obtained with a corrected (family-wise error) p=0.05 value and a
minimum extent k=20. Five optimization parameters were selected,
representing the amount of activation (BOLD extension: number of
voxels activated; SNR) and signal stability (temporal fluctuation of
signal; lateralisation variation to the first experiment; SNR varia-
tion).
Results: Unacceptable temporal fluctuation of the signal was ob-
served in the 35º and 95º flip-angle images. Therefore, these se-
quences were disregarded. The number of activated voxels was
smaller for 50º, being similar for 65º and 80º. SNR was similar in
the 50º and 65º sequences, and higher than in the 80º flip-angle one.
Relative lateralisation variation and SNR variation were smaller in
the 65º flip-angle sequence than with the other two flip-angles.
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Figure 1: Signal strength. Number of activated voxels and SNR
normalised to maximum value.

Figure 2: Signal stability.
Conclusion: Sequence optimization is very important in fMRI be-
cause a lower SNR and instability values give very poor results. We
have shown a methodology to improve fMRI sequences with
changes in the flip-angle related to signal strength and stability.
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The effect of evaluating lines length on perception and move-
ment: an fMRI study
L. Weis1, P. Battaglini1, N. Bruno2, L. Carriero3, G. Garbin1, 
E. Vasile1, R. Longo4, M. Ukmar5, T. Zalla1, R. Pozzi Mucelli5;
1BRAIN center for Neuroscience, University of Trieste, Trieste,
ITALY, 2Dept. of Psychology, University of Trieste, Trieste, ITALY,
3Cognitive Neuroscience Sector, SISSA-ISAS, Trieste, ITALY,
4Dept. of Physics, University of Trieste, Trieste, ITALY, 5Dept. of
Radiology, Cattinara Hospital, Trieste, ITALY.

Introduction: In behavioural studies, observers judge the parallel
lines of the Mueller-Lyer illusion (MLI) to be of different lengths,
but they are accurate when responding to these lengths by properly
displacing their arms. According to a currently much-debated hy-
pothesis, functional dissociations of this kind reflect a division of
labour between two parts of the visual system: The ventral stream
from primary visual cortex (V1) to infero-temporal cortex uses ob-
ject-relative spatial coordinates for object constancy and recogni-
tion, whereas the dorsal stream from V1 to posterior parietal cortex
uses observer-relative locations to guide movements. Here we re-
port preliminary neuroimaging observations testing this two-visu-
al-system hypothesis.
Subjects and Methods: An fMRI study was carried out using a 1.5
T Philips Gyroscan Intera imager and EPI technique. Ten informed
healthy male volunteers were asked to view a milky screen, where
versions of Muller-Lyer visual stimuli were projected. In the first
condition (perceptual report), subjects had to lift their arms when
they perceived the lines length as different. In the second condition
(motor response), they had to respond to line length by reaching out
and appropriately spacing their arms. Data pre-processing (image
realignment, normalization and smoothing) and statistical analysis
of significant relative regional BOLD response changes were per-
formed using SPM2 software (Wellcome Department of Cognitive
Neurology, London, Uk).
Results: Preliminary findings confirm behavioural observation and
show different activation of occipito-temporal and occipito-parietal
pathways in the two situations.
Discussion: It is speculated that this different activation is related
to the performed task and that it further supports a role of the occip-

ito-parietal pathway in coordinate transformation for visuomotor
behaviour.
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Neural correlates of the number-size congruency effect
F. Koppelstaetter; University of Innsbruck Department of
Radiology II, Neuroradiology, Innsbruck, AUSTRIA.

Behavioral evidence indicates that number words and digits auto-
matically activate an abstract numerical magnitude representation.
The affinity of digits to an abstract magnitude representation might
also be responsible for the number-size congruity effect. It has been
observed that comparison times are influenced when two numbers
that have to be compared also differ in font size. Reaction times
upon comparing two simultaneously presented digits are generally
shorter, when the physical font-size is congruent with the numeri-
cal magnitude while they are longer when physical and numerical
magnitude information interfere. A similar congruity effect is ob-
served when the participants are instructed to compare the physical
font size of the digts and to ignore their numerical value. Bilateral
areas in the parietal lobes, especially in the intra-parietal sulcus,
have been observed to respond more strongly to close than to far
distances in a numerical comparison task, independent of number
format. It is a matter of debate, however, whether the activation in
this area is number-specific or if it is also found in other compari-
son tasks, such as physical size comparison.
We presented pairs of single digits to 17 participants in a number-
size congruity task using an event-related design during an fMRI-
measurement. In half of the blocks, participants were asked to
decide which digit is the numerically larger, in the other half they
were to decide which of the two digits is the physically large. In
both tasks, digit pairs were either congruent, incongruent, or neutral.
Digits with a small numerical distance activated areas on the intra-
parietal sulcus bilaterally more than digits with a large numerical
distance. Parietal areas were activated bilaterally in the neutral con-
dition of the physical comparison task, but more anteriorly than in
the numerical comparison task. This indicates that the activation in
the intraparietal sulcus might indeed be number-specific.
Compatible with the literature on non-numerical Stroop paradigms,
incongruent trials lead in both tasks to a stronger activation in the
bilateral dorsolateral prefrontal gyrus and in the anterior cingulate
than congruent trials. These areas are assumed to be involved in at-
tentional processes such as response and error monitoring.
Overall, our results corroborate the key role of the intraparietal sul-
cus for number comparison. Importantly, in addition to being able
to replicate Pinel et al�s. (2001) findings of a negative correlation
between numerical distance and parietal activation by using a nu-
merical Stroop paradigm, our results further suggest that intrapari-
etal sulcus activation might be number-specific.
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Isoflurane as an alternative for alpha-chloralose anesthesia
during fMRI studies in rats
M. Sommers1, J. v. Egmond2, L. H. D. J. Booij2, 
A. Heerschap3; 1Central Animal Laboratory, University Medical
Centre Nijmegen, Nijmegen, NETHERLANDS, 2Anesthesiology,
University Medical Centre Nijmegen, Nijmegen, NETHERLANDS,
3Radiology, University Medical Centre Nijmegen, Nijmegen,
NETHERLANDS.

Introduction: Alpha-chloralose has been the drug of choice for
fMRI studies in rats, because it provides a stage of deep sedation
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Initial results using spectroscopic CE-FAST for Fast 3D
Proton SI of the human brain at 3T
C. Geppert, W. Dreher, M. Althaus, D. Leibfritz; FB2, Chemie,
Institut für organische Chemie, Universität Bremen, Bremen,
GERMANY.

Introduction: Recently, several new pulse sequences have been in-
troduced for fast ³¹P or ¹H spectroscopic imaging (SI) based on the
condition of steady state free precession (SSFP) [1,2]. This work
presents first results from human brain at 3T for proton spectro-
scopic CE-FAST which uses the echo-like signal S2 only as in the
original imaging sequence [3].
Methods: A scheme of the sequence is depicted in Fig.1. A chemi-
cal shift (cs) selective RF pulse [4,5] is used for global
excitation/refocusing. The composite pulse (1-τ- 1-τ-8.0-τ-8.0-τ-1-
τ-1, τ=1960 Hz, minima appear at 1/τ) simultaneously suppresses
resonances from water and lipids. The FID-like signal S1 is spoiled
by crusher gradients. All phase encoding gradients are balanced
after each acquisition. The sequence was implemented on a
Siemens 3T Allegra system using a flip angle of 40° and a FOV of
220³ mm³. After 128 dummy cycles 16³ phase encoding steps were
used with 51.2ms acquisition time and a TR of 71ms resulting in a
total measurement time of about 5 min for a full 3D data set. Post-
processing only comprised cosine apodisation, zero filling and
FFT. Phantom experiments were performed on a sphere filled with
an aequeous solution of 50mM/50mM myo-inositol(Ins)/acetate.
Measurements on healthy volunteers were carried out with identi-
cal sequence parameters.
Results/Discussion: Fig.2 shows a matrix of phase corrected real
part spectra from one slice of the phantom for a spectral range of 6-
1 ppm. The acetate singlet at 1.9 ppm as well as resonances from
the coupled signals of Ins at 3.5 and 4.05 ppm can be assigned
while almost no water signal is detected. Fig.3 shows a matrix of
real part spectra (4.1-0.0 ppm each) from a transversal slice of the
human brain. Signals from NAA, total creatine and total choline
can be identified as well as broad (anti-phase) resonances from
lipids, especially in voxels close to the skull.
Conclusion: Initial results on human brain at 3T show that 3D
spectroscopic CE-FAST is a promising approach towards fast pro-
ton 3D SI, particularly as further optimization of the experimental
parameters and data postprocessing is possible. Other improve-
ments may include spectral-spatial RF excitation and EPI readout.
References:
[1] Speck O [2002] Magn.Reson.Med. 48:633-639
[2] Dreher W [2003] Magn.Reson.Med. 50:453-460
[3] Gyngell ML [1988] Magn.Reson.Img. 6:415-419
[4] Starcuk Z [1986] J.Magn.Reson. 66:391-397
[5] Geppert C [2003] Proc.ISMRM, #1124

and preserves flow-metabolism coupling. However, alpha-chlo-
ralose has several disadvantages1 , among which the slow onset of
action, the induced metabolic acidosis and the non-survival aspect
are most important. The inhalation anesthetic isoflurane does not
have the above mentioned disadvantages: it has a short elimination
half-life which makes it easy to control the depth of anesthesia and
to realise a quick recovery and also maintains flow-metabolism
coupling at 1 MAC2. The purpose of this study is to investigate
whether the intensity of the fMRI response using forepaw stimula-
tion is comparable during isoflurane and alpha-chloralose anesthe-
sia in the same animals.
Methods: Adult, male Wistar rats were anesthetized (2% isoflu-
rane), orally intubated and artificially ventilated. Temperature: 37 ±
0.5 ºC, SaO2>=95%. During functional experiments, isoflurane
was reduced to 1.25%. Then, anesthesia was switched to alpha-
chloralose CRI (80 mg/kg, 40 mg/kg/hr iv) and functional experi-
ments were repeated. Stimulation setup: 3 Hz, duration=0.5 ms, 1-2
mA, MRI setup: S.M.I.S. 7T spectrometer using a 20 mm surface
coil. For functional imaging, a multislice gradient-echo sequence
was used (TE= 10 ms; TR=250ms, alpha=30º; FOV=25mm; matrix
size=64, slice thickness=1 mm).
Data analysis Paired t-tests were calculated and rendered with with
high resolution spin-echo images (TE=50 ms; TR=3000 ms;
FOV=25; matrix size=128, slice thickness=1 mm) in IDL 5.4
(Research Systems Inc).
Results
Statistical maps during isoflurane closely resemble those of alpha-
chloralose anesthesia (fig. 1).

Fig. 1: Statistical maps of a paired forepaw stimulation experiment
in a representative animal, demonstrating the similarity in localisa-
tion and volume of activation between the two measurements.
Discussion and Conclusion: Both the activated region as well as
the intensity of the BOLD signal are in line with expected results
from previous publications in literature3, making fMRI experiments
during isoflurane anesthesia in optimal circumstances equivalent to
alpha-chloralose anesthesia. This creates new possibilities to per-
form longitudinal fMRI studies.
References:
[1] Silverman J and Muir WW [1993] Lab Anim Sci 43: 210-216
[2] Hansen TD, Warner DS, Todd MM [1989] J Cereb Blood Flow
Metab 9: 323
[3] Bock C et al. [1998] Magn Reson Med 39: 457-461
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A generalized framework for small flip-angle frequency-selec-
tive pulse sequences
K. W. Eberhardt, M. Schär, C. Barmet, J. Tsao, S. Kozerke,
P. Boesiger; Institute for Biomedical Engineering, University and
ETH Zurich, Zurich, SWITZERLAND.

Introduction: A new model to design small flip-angle pulse se-
quences is presented. The sequence is interpreted as a continuous
wave experiment and the Bloch equations are solved by means of
perturbation methods. Based on the framework, frequency-selec-
tive sequences tailored for chemical shift imaging are proposed.
Methods: Rapid small flip-angle pulse sequences with refocused
gradients offer an alternative to frequency-selective pulses. To de-
sign these sequences, a model to predict the response of the system
is required. In the regime of small flip-angles and short repetition
times (TR), a model can be deduced by assuming continuous exci-
tation ωD(t) and approximating the solution of the Bloch equations
by perturbation methods.
Results and Discussion: The second order solution of the trans-
verse magnetisation Mxy=Mx+iMy, when applying driving func-
tions ωD(t) with a periodicity TS, is:

The solution consists of a series of peaks at frequencies Ω, weight-
ed by their Fourier coefficient ω0. The second exponential in Mxy
is the transient behavior which decays with T2, whereas the first
exponential characterises the rotation of the forced response.
To acquire data with refocused gradients between pulses separated
by ∆t=TR, one needs to rescale the continuous driving function ωD
to a discrete flip angle function α (t) (Fig. 1 top). Thereby the exci-
tation profile becomes periodic with 1/TR. Fig. 1 shows the excita-
tion profile of α(t) calculated by rotational and relaxation matrices.
The comparison of this solution with the second order perturbation
solution and the numerical solution of the Bloch equations with a
continuous driving function ωD reveals high agreement in the fre-
quency response within the limitations of small flip angles (Fig. 2).
Sampling of k-space repeatedly every TR over the sequence perio-
dicity TS allows one to separate the CΩ-peaks via a discrete
Fourier transform, thereby extracting the spectral information of
the imaged object with a very high frequency-resolution in the
order of 1/T2. The simulated sequence signal-to-noise ratio reaches
the level of steady-state free precession sequences in the peak-re-
gions of excitation.
The general framework is bound by two solutions; firstly, excita-
tion of a single frequency by applying a very low flip angle every
TR and secondly, excitation of the entire frequency range by apply-
ing one large flip angle with an infinite long TS. A solution between
the two extreme cases is similar to the SSFP CSI sequence as pro-
posed by Dreher et al.1

A new approach to frequency-selective imaging has been presented.
References:
[1] W.Dreher, MRM 50(2003)
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reliably differentiate prostate cancer from benign prostatic hyper-
plasia and normal tissue. Accurate assessment of prostate cancer
presence, location and aggressiveness is crucial to treatment plan-
ning and prognosis prediction. 1H MR spectroscopy imaging is a
non-invasive technique able to evaluate the prostate with an appro-
priate matrix size and field homogenisation. In order to fulfil quali-
ty spectral features, most spectroscopic prostate studies were done
with an endorectal coil, only a few being performed with a surface
coil. We present our experience with spectroscopic imaging studies
obtained with the quadrature body coil, ensuring a faster clinical
application and lower patient disturbances.
Subjects and Methods: 25 male patients were studied with MRI
and 1H MRS in a 1.5 T system (Philips Intera, The Netherlands).
The MRI protocol included a sagittal and transverse T2W images
oriented orthogonal to the prostate central gland axis. Transverse
images were used to localize the 1H MRSI (spectroscopic imaging,
TE 272 ms, TR 2100 ms), obtaining 2 slice with a 20-22 mm thick-
ness and a ROI average of 65x65 mm. The central and peripheral
glands were acquired. Occasionally, a single volume (TE 136 ms)
was also acquired in those regions with abnormal MRI findings.
Citrate, Choline and Creatine were analysed with jMRUI and
SIView programs (Spain). For those patients with surgical inter-
vention or biopsy, pathological data was available for comparison.
Results: Higher Cho and lower Cit were found in those patients
with cancer in all pathological areas. 1H MRSI helped to locate
higher cellular portions in the central and peripheral glands. The
spatial resolution was considered adequate by radiologists and uro-
logic surgeons.
Conclusion: 1H MRSI and single vóxel MR spectroscopy with a
1.5 T unit using the quadrature body coil is an easily accepted tech-
nique that can be useful to the study and diagnosis of the prostate
cancer. Patient conformance is high; it is non-invasive; and allows
patient following before the surgery or the biopsy.

331
WATER compartmentation in short echo-time in vivo spectro-
scopic imaging experiments recording either pure low molecu-
lar weight metabolite or pure macromolecule MR spectra
Z. Starcuk1, P. Krupa2, Z. Starcuk1, J. Starcukova1, J. Horky1;
1Nmr, Institute of Scientific Instruments of the AS CR, Brno,
CZECH REPUBLIC, 2Medical Imaging Department, St. Anne's
University Hopsital, Brno, CZECH REPUBLIC.
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SEMI-SELECTIVE refocusing and excitation RF pulses for
human in vivo MRS at moderate (1.5 - 3.0)T magnetic fields
Z. Starcuk, Z. Starcuk, J. Starcukova, J. Horky; Nmr, Institute
of Scientific Instruments of the AS CR, Brno, CZECH REPUBLIC.
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Prostate spectroscopic imaging study with quadrature body coil
M. C. Martinez-Bisbal1, B. Celda1, B. Martinez-Granados1, 
C. San Juan2, L. Marti-Bonmati3; 1Quimica Fisica, Facultad de
Quimica, Universitat de Valencia, Burjassot, Valencia, SPAIN,
2Servicio de Urologia, Hospital Universitario Doctor Peset,
Valencia, SPAIN, 3Servicio de Radiologia, Hospital Universitario
Doctor Peset, Valencia, SPAIN.

Introduction: Prostate cancer is one of the most frequently diag-
nosed malignancies in men. Prostate-specific antigen (PSA) meas-
urements, and conventional non-invasive imaging techniques, such
as transrectal ultrasonography, CT, and MR imaging often cannot
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A safety assessment of proton decoupled carbon-13 MRS at 
3.0 T for clinical use
M. Saito1, T. Matsuda2, J. Tropp3, T. Inubushi4, T. Nakai1;
1Phtonics Research Institute, National Institute of Advanced
Industrial Science and Technology, Ikeda, Osaka, JAPAN,
2Imaging Application Tech. Center, GE Yokogawa Medecal
Systems, Hino, Tokyo, JAPAN, 3Technology Development Division,
GE Medical Systems, Fremont, CA, 4Molecular Neuroscience
Research Center, Shiga University of Medical Science, Otsu,
Shiga, JAPAN.

Introduction: Broadband proton decoupling (PD) is an indispen-
sable technique for in vivo 13C MRS. However, few attempts have
been made to carefully discuss the effects of the PD power on the
human body. As a safety guideline, the IEC has defined the limits
of the SAR and temperature rise induced by PD energy irradiation.
In this study, we established a safety assessment procedure for in
vivo PD 13C MRS with a clinical 3.0 T MR system. An agar gel
phantom for evaluating the actual temperature rise induced by the
irradiation for PD and a glucose solution phantom for optimizing
decoupling conditions were used.
Material & Methods: All MR studies were performed on a 3.0 T
MR system (GE) with a second RF channel exciter for PD. A 1H/13C
dual transmit/receive surface coil was used. For 13C, TR = 1 s and
the observation bandwidth = 8 kHz.
To measure the temperature insides the agar, a fiber-optic thermo-
sensor was used. The PD power of 47 dBm and the PD period of
0.064 s were used and the SAR was 7.88 W/Kg. A series of 13C glu-
cose spectra were obtained by changing the PD pulse lengths from
0.5 to 9.5 ms and the PD power from 35 to 47 dBm. The center fre-
quency was always set to water proton resonance.
Results: The maximum temperature increase was approximately
0.7 °C at the depth of 5 mm from the coil surface at 68 min. No sig-
nificant rise in the temperature of the coil surface was observed.
With a pulse length of 1.0 ms, all glucose peaks were decoupled
when over 43 dBm of power was applied whereas decoupling re-
quired over 38 dBm at lengths of 7.5 to 9.5 ms. All signal intensi-
ties were two to four times as high as those of non-decoupled.
Discussion and Conclusion: It was demonstrated that PD with a
3.0 T MR system can be safely performed for the dynamic monitor-
ing of the metabolites. First, one should check two 13C MRS param-
eters observation bandwidth and FID sampling point, which
determine the 1H decoupling period. Even after one hour PD power
irradiation, the maximum heating effect on the phantom was within
the limitation of the IEC definition (39 °C in torso and extremities).
The temperature rise in a human may be less because of a diffusion
of heat from the organ. The metabolite phantom can be used to op-
timize decoupling conditions.
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New NMR parameters for monitoring temperature and coagu-
lation of tissues
D. Carasso, U. Eliav, G. Navon; School of Chemistry, Tel-Aviv
University, Tel-Aviv, ISRAEL.

Introduction: Monitoring thermal ablation of tumors and fibroids
is usually done by following the tissue temperature. A better way to
assess the success of the treatment is to determine the extent of co-
agulation.
Here we present the sensitivity of several NMR parameters to tem-
perature and coagulation.

Method: We have measured four NMR parameters as a function of
temperature and coagulation of porcine liver in vitro: In addition to
water T1 and T2, measured using inversion recovery and CPMG
pulse sequences we measured the protein transverse relaxation
time, T2p, and the rate of proton exchange between water and the
proteins 1/τexch by varying τ and tzq in the pulse sequence given
in the figure. In this pulse sequence the first 90° pulse transfers
both the water and the protein magnetization into the XY plane.
The protein transverse magnetization relaxes during τ on a very
short time scale (T2p) of few tens of microseconds, while the water
magnetization hardly decays. The second 90° pulse transfers the
water magnetization back into the Z-axis and then, during the time
tzq water magnetization is being transferred to the protein. The sig-
nal of water, which does not originate from the transfer to the
macromolecule magnetization, is eliminated through subtraction of
the signal in the absence of exchange, either by a very short interval
τ, or a very short interval tzq.
Our experiments consisted of measuring the NMR parameters at 3
stages: 1. At 37°, 2. While heating the tissue to a certain tempera-
ture up to 62° (WH in the table). 3. After cooling back the tissue to
37° (AC). Comparison of the first and the last measurement indi-
cate the effect of coagulation. Six fresh tissues were used for each
temperature.
Results: Water T2 showed nearly no sensitivity to coagulation or
temperature. The results for T2p, τexch, and T1 are summarized in
the table. T1 was found sensitive to biological variability; hence we
normalized the data by dividing by T1 values preheating. The result
is marked as T1N

Discussion: The combination of shortening of T1 with coagulation,
and growing with temperature, results in insensitive behavior while
heating. It is a possible parameter for coagulation estimation post
treatment. τexch is more sensitive to coagulation than T1, and is
not sensitive to biological variability, or to temperature. This sug-
gests the possibility of monitoring the coagulation during the heat-
ing process through τexch. T2p was found sensitive to temperature
and insensitive to coagulation.
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A new high speed spectroscopic imaging sequence using
Wavelet Encoding
H. Serrai1, L. Senhadji2, G. Wang1, L. Bolinger1; 1Magnetic
Resonance Technology, Institute for Biodiagnostics, Winnipeg,
MB, CANADA, 2Ltsi, Universite of Rennes, Rennes, FRANCE.

Introduction: Magnetic resonance spectroscopic imaging (MRSI)
provide spatial information of metabolites for the diagnosis of dif-
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ferent diseases (1-2). Most of these techniques suffer from long ac-
quisition times, which limit spatial/spectral resolution and patient
tolerance to the examination. Here, we describe a new spatial en-
coding scheme based on the discrete wavelet transform (3), which
provides high spatial and spectroscopic resolution information with
a reduction in acquisition time.
Material and Method: The wavelet encoded (WE) spectroscopic
imaging method utilizes more of the TR time to encode the spatial
information by performing more than one encoding step during a
single TR. This method modulates the RF pulses in order to provide
excitation profiles resembling prototype functions called wavelets.
Wavelet encoding divides the space to be imaged into sub-spaces
by dilating and translating the Haar wavelets used here as prototype
functions (4). Thus, it collects data by exciting different sub-spaces
within a single TR, which speeds up data acquisition.
A Spin-Echo sequence is used for 2D WE technique. Single and
dual band excitation pulses for 90 and 180°, 6 ms duration and 1.5
KHz bandwidth, resembling the Haar functions respectively, are
generated. They are translated and dilated by a frequency shift and
doubling the gradient strength for each encoding step according to
a specific order (Fig.1). The acquisition time is reduced when sub-
spaces are excited in each and both directions.
A phantom consisting of 16 small bottles (filled with water or not)
is used to acquire a GE localization image and a 4x4, 8x8 and
16x16 2D WE-MRSI data, with a TR = 2s, TE= 50 ms, FOV=Slice
thickness = 126 mm and NEX =1.
Results and Conclusion: Figure 2 shows the reconstructed 4x4 2D
WE spectra on the top of the normal image. The 4x4, 8x8 and
16x16 WE images are acquired in 21s, 1min 5s, and 3min 29s re-
spectively. With the classical CSI technique the time needed is 32s,
2min 8s, and 8min 32s, respectively. The gain percentage increases
as the spatial resolution increases. Further steps of the method are
required, SNR comparison between WE method and CSI, correction
of errors due to the pulses transition bands and data quantification.
References:
[1] Brown TB, et al. Proc. Nat. Acad. Sci. 1982;79:3523.
[2] Posse S, et al. Magn. Reson. Med. 1995; 33(1):34.
[3] Mallat S, et al. IEEE Trans. Inf. Theory. 1992; 38:617.
[4] Weaver JB, et al. Magn. Reson. Med. 1992;24:275.

Fig. 1.: A 4 by 4 2D-WE using SE sequence and showing the time
reduction according to the encoding steps. The single and dual
pulses (90, 180°) resemble the Haar functions, translaced and dilat-
ed in space.
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Fig. 2.: Acquired 4x4 WE localized MR spectra on the top of the
normal image of small bottles where 6 are filled with water.

EPOS Exhibits
Spectroscopy: Processing and
Quantification
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Spectroscopic imaging of muscular lipids 
J. Weis1,2, H. Ahlström1, L. Johansson3, F. Courivaud4, 
L. R. Ribe5, M. S. Hansen5; 1Radiology, Uppsala University
Hospital, Uppsala, SWEDEN, 2Medical Informatics and
Bioengineering, Uppsala University Hospital, Uppsala, SWEDEN,
3Research and Development, Amersham Health, Uppsala,
SWEDEN, 4Medical Systems, Philips, Oslo, NORWAY, 5MR Center,
Aarhus University Hospital, Aarhus, DENMARK.

Purpose/Introduction: The assessment of extra- (EMCL) and in-
tramyocellular (IMCL) lipid stores in skeletal musculature plays an
important role for studying physiological and pathological aspects
of lipid metabolism. Standard MRI provides visualization of subcu-
taneous fat, adipose tissue and fatty septa, but small amounts (< 4
% volume share) of muscular fat cannot be assessed. The aim of the
present study was to develop a new approach to quantification of
muscular lipids. A variant of the spectroscopic imaging (SI) tech-
nique with high spatial and relative high spectral resolution was ap-
plied.
Subjects and Methods: Calf musculature of a five healthy volun-
teers was measured in this study (age = 42.2 +/-5.4 years, body
mass index = 22.7 +/-2.9 kg/m2). The SI sequence was implement-
ed on a 1.5 T clinical system (Gyroscan NT, Philips). SI technique
consisted of a 2D, rf spoiled gradient echo sequence with step in-
crement of TE (∆TE/TE1/TR = 2.6/8/260 ms). Slice selection was
achieved by using the fat selective binominal 11 excitation pulse.
Spectral bandwidth 6 ppm and spectral resolution 0.066 ppm was
achieved with 92 image records. The resolution in the plane was
0.6x1.2 mm, slice thickness 15 mm and the measurement time 51
minutes. A post-detection data processing scheme was suggested
which permits spectral artifact corrections caused by chemical-
shifts, spectral line aliasing and magnetic field inhomogeneities.
The magnitude spectra were calculated by summation of the voxel
spectra. Fig. 1 shows irregularly shaped volumes of interest. To im-
prove IMCL detection, the voxels with large amount of EMCL
were removed (white pixels in Fig. 2). Spectral intensities were
computed by Lorentzian fitting of methylene and methyl signals.
Results: The fat content was assessed using the spectral intensity
of the voxels as internal reference with 100% fat content. Fig. 3
shows mean lipid, EMCL, and IMCL content (volume %) of the
three calf muscles (GL, GM, SOL) and the three muscle compart-
ments (AC, DPC, LC).
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Discussion/Conclusion: The present work demonstrates that the
spectroscopic imaging technique described is sufficiently sensitive
to small amounts of inhomogeneously distributed muscular lipids.
Proton spectra of different muscle groups can be measured with
high spectral and spatial resolution.
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In vitro and in vivo relaxation times of choline, creatine and
N-acetyl aspartate at 7 teslas.
C. Cudalbu, S. Cavassila, D. Grenier, H. Ratiney, A. Briguet,
D. Graveron-Demilly; Laboratoire RMN, CNRS UMR 5012,
Université Claude Bernard Lyon 1, CPE, Villeurbanne, FRANCE.

Introduction: Accurate T1 and T2 relaxation time values are
mandatory to determine the absolute concentrations of brain
metabolites as errors in their estimates may lead to substantial er-
rors in the metabolite concentrations estimation. Several studies
have investigated the T1 and T2 relaxation times of choline, crea-
tine and N-acetyl aspartate at different field strengths. They show
large variations in T1 and T2 values [1]. In the present study, in
vitro and in vivo relaxation times of choline, creatine and N-acetyl
aspartate were estimated at 7 teslas.
Method: Proton NMR signals of 100mM metabolite solutions and
in vivo mouse brain signals were acquired using a PRESS sequence
(4kHz, 4096 data points, 64 averages) with a 7T Biospec BRUKER
system -ANIMAGE platform- and a 35 mm inner diameter excita-
tion-reception volumic birdcage coil. The voxel size was 6x6x6
mm3. For in vitro T1 and T2 relaxation time estimations, four series
of nine/eigth signals were acquired using increasing repetition
times/ echo times respectively (TR=2.3, 3, 4, 5, 6, 7, 8, 9, 10s; echo
time TE=20ms) and (TE=60, 100, 200, 300, 400, 500, 600, 700ms;
TR=5s).
Using the jMRUI software, the in vitro and in vivo signals were
processed in the time-domain: after baseline correction, removal of
residual water components was achieved using the Hankel-Lanczos
singular value decomposition (HLSVD) algorithm [3]. The signals
were then quantified using HLSVD and the time evolution of am-
plitudes of choline (3.22ppm), creatine (3.03ppm) and NAA
(2.02ppm) singlets were fitted using a non-linear least squares al-
gorithm based on a mono-exponential model function.
Results: In vitro T1 and T2 relaxation times and standard devia-
tions of NAA, choline and creatine are reported in Table 1. In vivo
mouse brain T1 relaxation times of NAA, choline and creatine
were also investigated and were estimated to 1.80s, 2.42s and 1.91s
respectively.

Conclusion: As the longitudinal relaxation times of brain metabo-
lites are expected to increase with the field strength, our in vitro T1
estimations are in good agreement with the T1 values at 1.5 and 3T
reported in the literature.
[1] Brief EE, et al., [2003] NMR Biomed 16:503-509.
[2] Naressi A, et al., [2001] MAGMA 12 :141-152.
[3] Ethofer T, et al. [2003] MRM 50:1296-1301.
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A simple experimental protocol for determining orientation,
localisation accuracy and spatial uniformity in proton spectro-
scopic imaging studies
D. J. Manton, R. Garcia-Alvarez, G. P. Liney, L. W. Turnbull;
YCR Centre for Magnetic Resonance Investigations, University of
Hull, Hull, UNITED KINGDOM.

Introduction: Proton magnetic resonance spectroscopic imaging
(1H-MRSI) has been shown to be useful in the diagnosis/prognosis
of human intracranial tumours [1] and in guiding radiotherapy [2].
The accuracy of localisation and orientation of the MRSI voxel
grids and the spatial uniformity of measured metabolite levels are
both vital in such applications and a simple protocol to determine
them, which does not require the construction of sophisticated,
multi-compartmental phantoms [3, 4], has been developed.
Methods: 1H-MRSI (TR/TE = 1000/144ms) was carried out at 1.5
Tesla using an IGE Signa whole-body scanner (birdcage head coil)
and two pulse sequences: PRESS and PROSE which utilises spec-
tral-spatial RF pulses [5]. Two PROSE sequences were used: the
default optimised for choline/citrate detection in prostate (provid-
ing partial NAA excitation with negligible out-of-volume lipid con-
tamination) and brain-optimised providing full excitation of lactate
and NAA. Excitation profiles were improved using the OVER-
PRESS facility, whereby a larger-than-required volume-of-interest
(VOI) was excited (130% isotropic elongation) then trimmed back
using very selective spatial saturation (VSS) bands.
A uniform spherical phantom (IGE) filled with a model solution
(including choline and NAA) was used. Fields-of-view and phase-
encode matrices were 12cm/162 in-plane (axial) and 8cm/8
through-plane. 2D spatial uniformity was assessed using 11x11
voxel VOIs and measurement of peak amplitude ratios
(spatial/spectral apodisation = 90%/5% Fermi & 1.5Hz Gaussian).
3D reconstruction/orientation was assessed using 11x11x5 voxel
VOIs without water suppression (pulses nulled for PRESS; centre-
frequency shifted by 125Hz for PROSE) and additional VSS bands
placed within the VOI, coincident with specific rows/columns of
voxels, to produce a completely asymmetrical pattern (see figure).
Results: Choline:NAA ratios, relative to the median ratio in the
central 3x3 voxels, ranged from 90%-132% for PRESS, 89%-
129% for PROSE/brain and 65%-420% for PROSE/prostate (NAA
coincided with the steep edge of the frequency excitation profile
and even small B0 variations across the VOI produced extreme
spatial variability in partial NAA excitation). The asymmetrical
pattern of VSS bands permitted confirmation of grid orientation
and accurate localisation in all cases.
Conclusion: This protocol is an easily applied method of validat-
ing orientation and localisation in MRSI. Prostate-optimised
PROSE should not be used for brain investigations, despite assur-
ance of negligible lipid contamination.
[1] Preul, NMR Biomed. 11 192 (1998).
[2] Nelson, JMRI 16 464 (2002).
[3] Vikhoff-Baaz, Magn. Reson. Imag. 19 1227 (2001).
[4] Keevil, Magn. Reson. Imag. 19 1217 (2001).
[5] StarLack, JMRI 7 745 (1997)

Table 1: In vitro T1 and T2 relaxation time estimations at 7 teslas
and corresponding standard deviations for NAA, choline and crea-
tine. For comparison, in vitro T1 values from the literature ob-
tained at 1.5T and 3T are also given.
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Quantification of 1-H MR spectroscopy in brain tumors using
a nonlinear constrained Spectral Deconvolution Technique
H. Kim, G. Jeong, H. Kang, J. Seo, S. Cho; Radiology,
Chonnam National University Medical School, Gwangju,
REPUBLIC OF KOREA.

Introduction: In vivo MR spectroscopy(MRS) of biological sys-
tem is often restricted by a lack of spectral resolution. Such limita-
tions are serious for accurate quantification, especially in human.
Although multidimensional MR spectroscopy allows an increase in
resolution, this tool is not still limited in the use of MRS in vivo. In
this study, a nonlinear spectral deconvolution method was utilized
to evaluate brain tumors by enhancing the accurate interpretation of
cerebral metabolic changes from 1-H MR spectra.
Subjects and Methods: Seventeen patients, 12 astrocytoma and 5
meningioma, were examined for assessment of tumors. All MRS
exams were performed on a 1.5T MR scanner (GE Medical
Systems). A STEAM pulse sequence, TR/TE/MT=
3,000/30/13.7msec was used and the water peak was removed by
CHESS. Postprocessing of the raw data was performed by a nonlin-
ear deconvolution spectral technique, where the deconvolution
method was compared with routine apodization processing with
various Gaussian function in stimulated spectral data sets. Cerebral
metabolites were identified from the resonance peaks in which cre-
atine(Cr) peak was used as a standard to normalize the following
peaks: N-acetyl aspartate (NAA), total choline(Cho), myo-inosi-
tol(mI), α-glutamine & glutamate(α-Glx), β·γ-glutamine & gluta-
mate(β·γ-Glx), lactate(Lac).
Results and Discussion: In the simulated spectral data sets, the de-
convolution techniques yielded contrast enhanced spectra with res-
olution improvement and noise suppression, giving more accurate
quantitative results than did the conventional apodization method
by 2-3 times. In low-grade astrocytoma, the concentration of NAA
was reduced by 24% and Lac was markedly elevated by as much as
437% below the normal values; in high-grade astrocytoma, NAA
was reduced by 31%, and Lac, Cho, mI, and α-Glx were elevated
by 592%, 142%, 131%, and 99%, respectively. In a differential di-
agnosis between low- and high-grade astrocytoma, elevation of
both Cho and mI is significantly related with high-grade; while ele-
vation of α-Glx, low-grade astrocytoma. The pattern of metabolite
changes in meningioma is similar to that of high-grade astrocytoma
in that NAA was reduced by 38% and Lac and Cho were elevated
by 470% and 120%(P<0.05), respectively. However, the pattern of
mI, α-Glx, and β·γ-Glx are different from each other; especially the
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levels of mI and a-Glx are significantly important for differential
diagnosis between them.
Conclusion: A nonlinear spectral deconvolution technique leads to
accurate quantification of the cerebral metabolic changes that
would be problematic with the conventional apodization process-
ing. This advantage may be a useful clinical tool for diagnosis of
brain tumors.

340
Volume integration in twodimensional NMR experiments by
Monte Carlo Technique 
R. Romano1, A. Motta2, R. Esposito1, P. L. Indovina1, 
F. Barone3; 1Dipartimento di Scienze Fisiche, Università degli
Studi di Napoli "Federico II", Napoli, ITALY, 2Istituto di Chimica
Biomolecolare, CNR, Napoli, ITALY, 3Facoltà di Farmacia,
Università degli Studi di Salerno, Fisciano, ITALY.

Introduction: Quantitative information from multidimensional
NMR experiments can be obtained by cross-peaks integration. The
standard procedure (selection of a region around the chosen peak
and addition of all values) is often biased by a bad selection, cross-
peaks asymmetry, or signals overlap. Here we propose a simple
Monte Carlo integration algorithm for NMR twodimensional
peaks. The algorithm has been implemented in MATLAB and test-
ed by numerical simulations and TOCSY experiments.
Methods: Peak volume estimation was obtained with Hit-or-Miss
Monte Carlo calculations, with Importance Sampling [1]. In partic-
ular, we considered a tridimensional h(x,y) step function so as to
contain completely the peak. Denoted by hx(x) and hy(y) the nor-
malized x and y projections of the h(x,y) step function, rx and ry
are random numbers independently extracted by the hx(x) and
hy(y) distributions. With a cubic interpolation the Z(rx,ry) peak
value is estimated, and after the extraction of the uniform distrib-
uted random number in [0,1], r, the Z(rx,ry) value is compared with
r * h(rx,ry). If Z(rx,ry) > r * h(rx,ry), then one has obtained a Hit,
otherwise a Miss. The number of Hits is proportional to the peak
volume, which is estimated by the product of the number of Hits
for the h(x,y) known volume.
Results: The algorithm was tested on simulated and experimental
TOCSY cross-peaks. In particular, we considered a couple of
Gaussian tridimensional peaks of known volume, with simulated
Gaussian and white noise, and a different degree of overlap. The al-
gorithm gives an unbiased estimation of the volume in a little num-
ber of random extractions (300), in a fraction of second on a
Pentium-4 computer, and in presence of a critical signal-to-noise
ratio. TOCSY cross-peaks of a mixture of tripeptides at known con-
centration were easily integrated with a better accuracy than stan-
dard procedures.
Discussion: We presented an integration volume algorithm suitable
for quantification of twodimensional NMR experiments. It is based
on the Monte Carlo Hit-or-Miss procedure with Importance
Sampling, and has the advantage of being unbiased and more accu-
rate than the methods used thus far.
References:
[1] M. H. Kalos, P. A. Whitlock, Monte Carlo Methods, Volume 1:
Basics, John Wiley & Sons, Inc., 1986.
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An evaluation method for preserving absolute 1H spectra
parameters 
M. F. Santarelli1, L. Landini2, V. Positano1, D. Montanaro1, 
M. Lombardi1, A. Benassi1; 1CNR Pisa- Italy, Inst. of Clinical
Physiology, Pisa, ITALY, 2University of Pisa- Italy, Information
Engineering Department: EIT, Pisa, ITALY.

Abstract: We present an evaluation method for assessing the best
number of signal averages as function of signal-to-noise-ratio,
when acquiring magnetic resonance spectroscopy signals. Then,
we quantitatively evaluated how such acquisition parameters influ-
ence absolute metabolites concentration measurements.
Methods: Magnetic Resonance Spectroscopy (MRS) is mainly
used as non-invasive tool for obtaining clinically useful informa-
tion. However, two drawbacks limit its use in quantitative metabo-
lites assessment: firstly, MRS signals are characterized by low
Signal-to-Noise-Ratio (SNR); secondly, in 1H-MRS large solvent
water resonance may cause problems when not properly sup-
pressed. In the literature, several post-processing methods are sug-
gested, to apply preferably on properly acquired (CHESS or
WATERGATE pulse sequences) MRS signals. In particular, the ap-
plication of maximum Phase Finite Impulse Filter (MP-FIR) on ac-
quired signals demonstrated to be an easy and efficient method for
residual water suppression [1].
In this paper we propose a simulation-based approach to establish
the best Number of Signals Averages (NSA) during acquisition
phase, as function of SNR, to perform reliable quantitative metabo-
lites concentration measurements. Such goal was pursued through
the following simulation and analysis steps: a) modeling MRS sig-
nals as sum of exponentially damped sinusoids relevant to residual
water and to four metabolites, with additive white gaussian noise;
b) Montecarlo simulation of MRS signals as function of SNR and
NSA; c) water suppression with MP-FIR and Maximum
Likelihood peaks parameters estimation; d) evaluation of Percent
Error (PE) with respect to noiseless reference peaks.
Results: In the figures, two typical simulation results are shown:
PE evaluated at different NSA, for SNR = 16dB (left); PE as func-
tion of SNR for NSA = 16.

Discussions and Conclusions: The proposed method contributes
to quantitatively evaluate metabolites concentration in 1H-MRS. It
allows to determine the best NSA for a particular SNR and a pre-
fixed PE. In fact, simulation results can be applied in MRS as fol-
lows: firstly, the SNR is estimated during acquisition phase as ratio
between power spectral peaks and baseline variance; after, using
simulated data, the best NSA is determined for a prefixed PE. The
method is under testing in a selected group of patients.
References:
[1] Sundin T, Vanhamme L, Van-Heecke P, Dologlou J, Van-Huffel
S [1999]. J.Magn.Reson. 139:189-204

342
Absolute quantification of phosphorus metabolites in the liver
using in vivo 2D CSI NMR
M. Chmelik1,2,3, E. Moser3, M. Roden2, M. Krssak2,3;
1Department of Biophysics and Chemical Physics, Comenius
University, Bratislava, SLOVAKIA, 2Department of Internal
Medicine III, AKH, Vienna, AUSTRIA, 3MR Centre of Excellence,
Medical University of Vienna, Vienna, AUSTRIA.

Purpose/Introduction: The use of absolute concentrations of MR-
visible phosphorus compounds rather than their intensity ratios
may furnish additional information on the metabolic changes asso-
ciated with various diseases. The purpose of this study was to de-
sign, implement and test a protocol for measuring absolute
concentrations of phosphorus metabolites in human liver by 31P-
MRS magnetic resonance spectroscopy by using a standard slice-
selective two-dimensional CSI sequence and commercial 1H/31P
surface coil.
Subjects and Methods: Measurements were performed by apply-
ing a reference standard (triphenyl phosphate) and standard 2D
Chemical Shift Imaging localisation technique (Matrix: 8x8; FOV
20x24x3.5 cm; TR = 1,5s, pulse shape and duration: sinc3, 2ms;
NA = 20) on a 10-cm, dual tuned 1H /31P surface coil in a 3-T
Medspec system S300 DBX (Bruker Medical, Ettlingen,
Germany). For quantification, numerically calculated corrections
of the B1 field inhomogeneity and corrections for saturation effect
and Point-Spread-Function were done according to theory [1]. An
algorithm, taking into account these effects was developed for cal-
culation of absolute concentrations of 31P metabolites from acquired
data and tested on a phantom (cH2PO4 = 100 and 10mmol/l).
Further, pilot studies were performed in vivo in young healthy vol-
unteers (n=3).
Results: Phantom measurements showed good functionality of
both protocol and algorithm. The results were in good agreement
with the expected values. (106 ± 11 and 7,60 ± 0,86 mmol/l for 100
and 10 mmol/l phantoms; respectively).
The pilot in vivo results (Table 1) are in good agreement with al-
ready published reports of 31P spectroscopy in human liver [2].

Fig.1. Reference image in vivo measurement of the liver (CSI).
Marked voxels (black outline) are located in within the sensitive
volume of the coil.



Spectroscopy: Processing and Quantification

Fig.2. Localized spectra corresponding to marked voxels in Fig. 1
from liver (top) and muscle (bottom)
Table 1 Absolute values of 31P metabolites in human liver (result ± sd) 

Discussion/Conclusion: The described protocol shows potential
for future utilisation in monitoring pathological changes in phos-
phorus metabolites in the liver of humans.
References:
[1] Murphy-Boesch J, Jiang H, Stoyanova R, Brown TR [1998]
MRM 39:429-438
[2] Tosner Z, Dezortova M, Tintera J, Hajek M [2001] MAGMA
13:40-46
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Extremely stable and rapid convergence of the Fast Padé
Transform (FPT) for High-Resolution Processing of Magnetic
Resonance Spectra (MRS) 
D. Belkic, K. E. Belkic; Medical Radiation Physics, Karolinska
Institute, Stockholm, SWEDEN.

Introduction:In non-parametric linear processing of sufficiently
long MRS time-signals, the fast Fourier transform (FFT) is attrac-
tive due to computational efficiency/stability. Even then, FFT
yields only shape-spectra, necessitating fitting for quantifications.
For shorter signals, lack of extrapolation seriously limits FFT�s re-
liability due to truncation artifacts. Conversely, with parametric,
non-linear processing, quantification is possible without fitting, but
computational efficiency/stability are significantly lower than in
FFT. Thus, it would be optimal to have a parametric, non-linear
processor, which quantifies without fitting and extrapolates to mit-
igate truncation artifacts, but also possesses computational efficien-
cy and stability comparable to FFT. These stringent requests are
satisfied by the fast Padé transform (FPT)[1].
Methods:The presently used diagonal FPT- is a quotient of two
polynomials each of order K=N/2 which can be uniquely and rapid-
ly extracted from the first N terms of a Taylor series in powers of z-

1 with time-signal points {cn}as expansion coefficients. Here, N is
signal-length; z is the harmonic exponential variable. We employ
the variant FPT- with the complex spectrum given by

.
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The minus superscript indicates that the independent variable in
both Padé polynomials is z-1 as in the original Taylor series.
Results: The FPT- is applied to a time-signal encoded via MRS at
7T from the brain of a healthy volunteer [2]. The signal is long
(N=2048) with good signal-to-noise, so the shape-spectrum from
FFT using all N points is excellent, serving as gold-standard.
Convergence rates of FFT and FPT- are compared in Figs.1-2,
using truncated and full signal-lengths N/M (M=1-32). For M >1
FFT employs N - N/M zeros for completion to N=2048, but FPT-

does not. Resolution is much better in FPT- than FFT at any trunca-
tion M>1. Marked improvement is seen at N/16=128, where FPT-

resolves some 5 metabolites, which appear in FFT as broad over-
lapping bumps. At N/M (8<=M<=32) heights and widths of the
major metabolites are predicted much more accurately by FPT-. At
N/2 =1024 FPT-is in complete agreement (up to random noise)
with both FFT and FPT- computed at full signal-length N=2048.
This unprecedented steady convergence of FPT- sharply contrasts
with most non-linear estimators that wildly oscillate before eventu-
ally stabilizing and only perhaps converging.
Conclusion:A variant of FPT is used with the convergence region
outside the unit-circle in the complex frequency plane. This fast,
high-resolution signal processor converges in a strikingly stable
manner with increasing signal-length providing simultaneously
shape and quantifications without fitting.
Referneces:
[1]Dz.Belkic,J.Com.Meth.Sci.Eng.3,563-729(2003).
[2]I.Tkác,et al., Magn.Reson.Med.46,451-456(2001).
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Time-domain quantitation of 1H short echo time magnetic res-
onance signals at 7 teslas
C. Cudalbu, S. Cavassila, D. Grenier, H. Ratiney, A. Briguet,
D. Graveron-Demily; Laboratoire RMN, Université Claude
Bernard Lyon 1, CNRS UMR 5012 CPE, Villeurbanne, FRANCE.

Introduction: 1H short echo time MR in vivo spectra exhibit many
metabolites, a low signal to noise ratio and overlap of spectral
lines. Quantitation of such signals/spectra is difficult and a fitting
algorithm which invokes extensive prior knowledge is needed [1-
3]. We propose to quantify 1H in vivo mouse brain spectra obtained
at 7 teslas using the time-domain QUEST method combined with
an in vitro metabolite basis set.
Method: QUEST fits a combination of M signals of metabolites xm

;
m=1..M ( in vitro mesured or quantum mechanically simulated)  di-
rectly to the in vivo data at hand in the time domain. This non-linear
least squares algorithm adjusts the model function parameters
(am,∆αm, ∆ωm, ∆ϕm, ϕ0) such that the distance between the raw
signal and the estimated signal xn be minimum [1].
For each metabolite, in vitro aqueous solution has been prepared

with a concentration of 100mM at pH=7, DSS and Na formate were
added as chemical shift references. Water-suppressed in vitro sig-
nals were acquired using a PRESS sequence (4kHz, 4096 complex
points, 128 averages, TR=10s,TE=20ms) with a 7T Biospec
BRUKER system -ANIMAGE platform- and a 3cm diameter exci-
tation-reception volumic birdcage coil. The voxel size was
6x6x6mm3.
Using the jMRUI software, the in vitro NMR signals were
processed in the time-domain: after a baseline correction, removal
of residual water components was performed using the Hankel-

Lanczos singular value decomposition algorithm [4].
Results: Two in vitro phantoms made of four metabolite solutions
(NAA, Choline, Creatine, Lactate and Choline, Creatine, GABA,
Taurine, respectively) were prepared. The signals were acquired
and preprocessed in the same conditions as the in vitro basis set.
Using QUEST and the in vitro metabolite basis set, the metabolite
phantom concentrations were estimated, and found in good agree-
ment with the true concentrations (Figure 1).
1H in vivo mouse brain signals were acquired and preprocessed in
the same conditions like the in vitro metabolite basis set.
Quantitations using QUEST were performed.

Conclusion: Quantitations of in vivo and in vitro 1H signals ob-
tained at 7 Teslas were performed using QUEST and an in vitro
metabolite basis set . In vitro and in vivo metabolites are well iden-
tified and in vitro concentration estimates are in good agreement
with the true ones.
References:
[1] Ratiney H, et al. [2004] MAGMA 4: in press.
[2] Bartha R, et al. [1999] NMR Biomed. 12:205-216.
[3] Provencher SW, et al. [1993] MRM 30:672-679.
[4] Naressi A, et al., [2001] MAGMA 12 :141-152.
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Non-invasive MRI-based analysis of fat storage in migrating
birds immediately prior to migration
R. Wirestam1, T. Fagerlund2, M. Rosén2, A. Hedenström3;
1Dept. of Medical Radiation Physics, Lund University, Lund,
SWEDEN, 2Dept. of Animal Ecology, Lund University, Lund,
SWEDEN, 3Dept. of Theoretical Ecology, Lund University, Lund,
SWEDEN.

Introduction: Many bird species show migration patterns with
very long flight distances without any food intake. This requires
storage of energy, mainly deposited as fat. Such deposits can con-
stitute a significant fraction of the total body mass immediately be-
fore migration. Consequently, the bird risks a reduced flying
ability, due to increased total mass and impaired aerodynamics, and

Figure 1: jMRUI Quantitation results window. From buttom to
top, original spectrum of an in vitro phantom (NAA, Choline,
Creatine, Lactate), estimated spectrum using QUEST and an in
vitro basis set, selected metabolite (Cho) spectrum, residue.
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storage strategies need to be optimized. The aim of this study was
to employ MRI to investigate spatial distributions of body fat, dur-
ing the storage process prior to migration.
Method: Investigated species and number of individuals were as
follows: 12 lesser whitethroats (Sylvia curruca), 9 robins
(Erithacus rubecula), 8 blackcaps (Sylvia atricapilla) and 5 wil-
low-warblers (Phylloscopus trochilus). On average, each bird was
examined 5 times. Between examinations the birds were subjected
to detailed feeding schemes, ensuring different fat contents on dif-
ferent imaging occasions. Fat was visualised using T1-weighted
spin-echo imaging (Siemens Vision 1.5 T, TE=15 ms, TR=500 ms,
FOV=50×50 mm2, 256×256 pixels, slice thickness 2-3 mm). The
fat-containing pixels in each image were identified by a segmenta-
tion procedure, and fat volume was calculated as the number of fat-
containing pixels times the nominal voxel size. Data were analysed
with respect to (i) fat distribution within the body, (ii) fat mass in-
crease in comparison with increase in total weight, (iii) fat weight
in relation to a standardized classification of fat deposits, (iv) rela-
tionship between surface area and fat mass increase.
Results: Examples of lipid distributions within the body at differ-
ent fat levels are given in Fig. 1. The increase in total weight was
generally higher than the fat mass increase (Fig. 2). Fat increase
was reflected by a larger frontal area, although lipid was not de-
posited equally along the length of the bird. In the slices with
largest frontal area, a relatively low fraction of the area consisted of
fat (Fig. 3). Fat mass was not linearly related to the standardized
fat-deposit classes.
Discussion: MRI allows for non-invasive monitoring of spatial dis-
tributions of body fat in the same individual, during the entire
process of fat accumulation prior to migration. Results indicated
that other tissue, most likely flight muscle, can metabolise rapidly
in correlation with the fat accumulation. Fat accumulation did not
increase the frontal area as much as expected from conventional
geometrical models, an observation that might indicate that body
shape is altered, leading to changes in aerodynamics that are not
predicted by conventional models.
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The effects of long-term Ciclosporin-A treatment on kidney di-
mensions and function measured by MRI 
D. H. Kristensen1, M. Pedersen1, A. Flyvbjerg2, J. Mortensen3,4;
1MR Research Center, Aarhus University Hospital, Aarhus, DEN-
MARK, 2Department of Endocrinology, Aarhus University
Hospital, Aarhus, DENMARK, 3Department of Urology, Odense
University Hospital, Odense, DENMARK, 4Clinical Institute,
Aarhus University Hospital, Aarhus, DENMARK.

Purpose: Ciclosporin-A (CsA) has for many years been used to
avoid rejection after organ transplantation, and kidney graft sur-
vival has consequently improved dramatically. It is, on the other
hand, well-known that the drug causes several side-effects. In gen-
eral, there is a need to reveal the important morphological and
physiological parameters to access a more fundamental under-
standing of the renal response to CsA. Thus, the purpose of this ex-
perimental study was to investigate the long-term effect of volume
and renal filtration.
Materials: Eight Mini-Göttingen pigs were included. CsA was
given in the diet for 6 months with a daily dosage of 20 mg/kg.
MRI was conducted at the start and at the end of the study period
using a 1.5 T Philips clinical system. Data reception was carried out
by a phased-array RF coil. Volume scans were performed each
month (T0, T1, T2, T3, T4, T5) using a high-resolution TFE se-
quence using TR/TE/flip-angle = 40 ms/1.3 ms/45°. A dynamic T1-
weighted IR-TFE sequence was applied following IV
administration of Gd-DTPA (0.05 mmol/kg) at T0 and T5. Pulse se-
quence parameters were: TR/TE/TI/flip-angle = 4.1 ms/2.0 ms/350
ms/18°. Data were processed with home-made analysis software.
The renal artery response to Gd-DTPA was used as the arterial
input curve, and pixel-by-pixel analysis were conducted in order to
construct maps of the relative renal filtration rate (rGFR) based on
gamma-variate fitting, deconvolution and the compartmental
model described by Lawrence and Lee (1).
Results: MRI measured kidney volumes showed a relative increase
amongst CsA treated animals from T0-T5 of 134% vs. 108% in the
control group. The relative increase in the time period T0-T4 was
even higher (152% CsA vs. 109% controls) (fig1). The rGFR value
in the CsA treated group decreased at the time T0-T5, whereas
rGFR increased in the control group during the same period (88%
CsA vs. 120% controls) (fig2).
Conclusions: Measured kidney volumes indicated a peak at T4
with a drop at T5, resembling the morphological changes seen
amongst diabetes patients prior to end-stage renal failure (2).
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Secondly, kidney function (rGFR) decreased after 6 months of CsA
treatment compared to the control group. Conclusively, long-term
CsA treatment with a dosage of 20 mg/kg caused abundant func-
tional and morphological changes possibly going towards end-
stage renal failure.
References:
[1] St. Lawrence KS et al, J Cereb Blood Flow Metab 1998, 18,
1365-77.
[2] Christiansen T et al, Journal of Endocrinology, 1997, 153, 193-8.

347
Glutamate clearance and its correlation with nerve fiber activ-
ity in a novel masticatory muscle pain model
G. Gambarota1, M. Philippens2, B. E. Cairns3, X. D. Dong3, 
A. Heerschap1; 1Department of Radiology, UMCN, Nijmegen,
NETHERLANDS, 2Department of Radiation Oncology, UMCN,
Nijmegen, NETHERLANDS, 3Faculty of Pharmaceutical Sciences,
The University of British Columbia, Vancouver, BC, CANADA.

Introduction: The injection of 1.0M glutamate into the human
masseter muscle results in a short period muscle pain (5-10min)
and a prolonged period of mechanical sensitization (>30min) [1]. It
is unclear, however, whether there is a temporal relationship be-
tween intramuscular glutamate concentration and either muscle
pain or mechanical sensitization. In the present study, in vivo 1H-
MRS and electrophysiological recording of masticatory muscle
nerve fibers were performed in order to monitor the glutamate
clearance and nerve fiber activity, respectively, after injection of
glutamate into rat masticatory muscles.
Methods:
MRS. MR-experiments were performed at 7T. A 2-cm-diameter
surface RF-coil was used as a transmitter/receiver. Glutamate
(100µl, 1M) was injected into the rat masseter muscle of five rats.
Prior to and every 100s after injection of glutamate, spectra were
obtained with a STEAM sequence (TR/TM/TE=5000/15/10ms;
16-averages; voxel=3×3×3mm3) with VAPOR-water-suppression
[3] and outer-volume-suppression). In the control experiments
(n=3), isotonic saline solution was injected.The glutamate signals
were analyzed in the time domain using MRUI software-package
[4]. Electrophysiology. Seven rats were prepared for acute in vivo
recording of trigeminal nerve discharges [2]. After injection of glu-
tamate (100µl, 1M), the activity of muscle nerve fibers was record-
ed in the trigeminal ganglion with a microelectrode. A blunt probe
was applied as a mechanical search stimulus to identify nerve
fibers with masticatory muscle receptive fields. The nerve fiber ac-
tivity was then calculated for each 100-second epoch and fitted to a
monoexponential decay function.
Results and Discussion: The rat masseter muscle is easily differ-
entiated from the surrounding tissues (Figure1) and offers the ad-
vantage of an easy intramuscular injection. Following glutamate
injection, glutamate resonances were clearly visible in the spectra

(Figure2). The glutamate signal amplitude was found to decay rap-
idly (half-life t½=105±45s). The rapid clearance of glutamate is
likely dependent on several mechanisms. The dominant clearance
mechanism is probably the glutamate removal from the site of in-
jection by the vascular system. Part of the clearance, also, may re-
flect interstitial diffusion -driven by concentration gradients-
outside of the sampled voxel. Glutamate-evoked nerve fiber activi-
ty was also found to decay rapidly (Figure3, t½=76± 28s, not sig-
nificantly different from that calculated for glutamate clearance,
P>0.05, Students t-test). This result suggests that glutamate clear-
ance correlates well with the time course of glutamate-evoked mus-
cle pain fiber discharge rather than mechanical sensitization.
References:
[1] Svensson, P et al., Pain 101:221-227,2003.
[2] Cairns, BE et al., J Neurophysiol 86:782-791,2001
[3] Tkác, I et al., MagnResonMed 41:649-656,1999
[4] http://www.mrui.uab.es/mrui/mruiHomePage.html
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Vascular characterization of murine brain tumors by USPIO-
Induced ∆∆R2 and ∆∆R2* 
G. Gambarota1, W. Leenders2, C. Maass2, B. Kusters2, 
J. Barentsz1, A. Heerschap1; 1Department of Radiology, UMCN,
Nijmegen, NETHERLANDS, 2Department of Pathology, UMCN,
Nijmegen, NETHERLANDS.

Introduction: Tumor vasculature plays a key role in tumor growth.
MRI, in combination with administration of ultrasmall superpara-
magnetic particles of iron oxide (USPIO), has proven useful in the
characterization of the tumor vasculature [1,2]. In particular, meas-
urements of the enhancement in the transverse relaxation rates ∆R2
and ∆R2* provide an index proportional to the blood volume of the
microvasculature and macrovasculature, respectively. In this study,
∆R2 and ∆R2* were measured in murine brain tumors in order to
characterize the tumor vasculature of three different cell lines and
to investigate the activity of two different VEGF isoforms.
Materials and Methods: MRI experiments were performed on a
7T MR-spectrometer using a 12-mm-diameter surface RF coil.
Multislice gradient-echo (TR/TE=1500/7ms, voxel-
size=136x136x1000µm) and spin-echo (TR/TE=2000/9ms) imag-
ing was performed prior to and following administration of a
USPIO blood-pool agent (Sinerem, Guerbet, France; 170 µg
Fe/mouse) on murine brain tumors (Mel57, VEGF-165-A-isoform:
n=4; Mel57, VEGF-110-isoform: n=2, glioma: n=3; cells were in-
jected into the carotid artery or intracranially). For each tumor,
pixel-by-pixel ∆R2 and ∆R2* maps were generated and the aver-
age values in lesions were calculated.
Results and Discussion: Following USPIO administration, metas-
tases were easily identified, whereas pre-contrast images showed
little or no contrast between tumor and healthy brain tissue
(Figure1). Tumors from the three cell lines displayed three distinc-
tive vascular patterns. Glioma showed an infiltrative growth pat-
tern, with high values of ∆R2 and ∆R2* throughout the tumor. The
Mel57-110-VEGF metastases were characterized by a ring-like
structure, with low ∆R2 and ∆R2* values in the core and very high
∆R2 and ∆R2* in the peritumoral region. The Mel57-165-VEGF-A

S202

metastases, on the other hand, appeared as black spots and showed
an expansive growth pattern, with very high values of ∆R2 and
∆R2* (Table1). These results agree with histological findings
which show an angiogenesis-dependent growth (in the 165-VEGF-
A isoform) versus an angiogenesis-independent growth accompa-
nied by a peritumoral dilation of the preexisting vasculature (in the
110-VEGF isoform) [3]. These results also indicate that USPIO-in-
duced ∆R2* values are highly sensitive to small changes in region-
al blood volume (Figure2) and thus are an essential tool for
vascular characterization. As shown here, this allows us to investi-
gate in vivo the activity of different VEGF isoforms, and thus to as-
sess the molecular mechanisms of tumor growth.
References:
[1] Dennie J et al., Magn.Reson.Med. 40:793-999, 1998
[2] Le Duc G et al., Magn.Reson.Med. 42:754-761, 1999
[3] Kusters B, et al., Cancer Res. 63:5408-13, 2003

Figure 1. Gradient echo images pre USPIO (left column) and
post-USPIO (right column) of murine brain with glioma (A),
Mel57-VEGF-110 (B) and Mel57-VEGF-165-A (C) metastases.

Figure 2. Pixel-by-pixel ∆R2 and ∆R2* maps of murine brain with
Mel57-VEGF-110 metastases. A: Reference gradient-echo image
post-USPIO. B: ∆R2 map. C: ∆R2* map. D: Same ∆R2* map as
in (C); here, to visualize the differences in regional blood volume,
a cut-off threshold for the ∆R2* values is set. Two voxels -in the
caudate putamen (indicated by the arrow) and in the cortex- are
shown.
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Detection of early responses of implanted 3T3/EBV-NLMP1
mouse tumor to immunotherapy using dynamic contrast-en-
hanced MRI
K. Chow1, W. Tsai2, H. Lee1, C. Chang2; 1Microbiology and
Immunology, Chang-Gung University, Taoyuan, TAIWAN REPUB-
LIC OF CHINA, 2Structural Biology, Institute of Biomedical
Sciences, Nan-Kan, TAIWAN REPUBLIC OF CHINA.

Introduction: High resolution T2-weighted MRI and dynamic
contrast-enhanced MRI (DCE-MRI) were employed to evaluate the
growth, and vascularity of Epstein-Barr virus encoded oncogene
NLMP-1-transformed BALB/c-3T3 tumor (3T3/NLMP1) with or
without vaccination for further understanding of the in vivo im-
mune control mechanism.
Subjects and Methods: 3T3/NLMP1 tumor was maintained in
BALB/c mice by regular in vivo implantation. To immunize the
mice, resuspended 3T3/NLMP1 tumor cells prepared from fresh
tumor mass were 4000R-irradiated and subcutaneously injected
into normal BALB/c mice. Four days later, immunized mice were
challenged with tumor mass by grafting.
All MRI exp. were performed on a Bruker, Pharmascan (7 tesla)
system. Axial T2-weighted images were acquired using multi-slice
multi-echo sequence to generate T2 maps to calculate the tumor
volume. DCE-MRI was acquired with axial T1-weighted MRI and
fourty images were collected before, during and following i.v. in-
jection of contrast agent (Gd-DTPA, 0.2 mmol/kg). Based on four
compartmental model of Tofts and Kermode, optimal ktrans, the vol-
ume transfer constant of the contrast agent from the plasma to the
extracellular extravascular space is calculated.
Results: The tumor volume essentially remains unchanged during
the first 5 days (averaging of 9mm3), then an exponential growth is
observed with tumor volume up to 1700 mm3 after 31 days. Five
days after tumor challenge, the gradual decrease of tumor volume
with the treatment of vaccine is appeared, and then the tumor vol-
ume is eventually diminished to the undetectable level after 17
days. The earliest stage to observe signal enhancement on DCE-
MRI examinations is at 7 days after implantation. There is exten-
sive heterogeneity appeared on both T2-weighted and post
T1-weighted images eleven days after treatment. The fast signal-
enhanced region with T2 value of 52ms shows gradual increase in
Ktrans, whereas essentially the same Ktrans is observed at slow signal-
enhanced region with T2 values of 37ms.
Conclusion: The results demonstrate that the tumor growth is pre-
ceded by an increase in vascular volume in mice without vaccina-
tion, and early anti-angiogenesis events might occur prior to the
decrease of tumor mass as the vascular volume is decreased five
days after treatment on immunized group. Combination of high res-
olution MRI and DCE-MRI could be used to follow in vivo tumor
growth longitudinally and assess the extent of tumor vasculariza-
tion to evaluate early tumor responses to immunotherapy.

350
Noxious stimulation under anaesthesia in the rat and visualisa-
tion of cerebral amygdala reactivity by Magnetic Resonance
Imaging
N. Parizel1, L. Pain2, B. Guignard1, A. Pereira de Vasconcelos3,
D. Grucker1; 1Mri, UMR ULP/CNRS 7004, Strasbourg, FRANCE,
2Neuroscience, GRECA, Inserm U405, Strasbourg, FRANCE,
3Neuroscience, Inserm U398, Strasbourg, FRANCE.

Purpose/Introduction: While limbic structures are involved in
processing emotionally active informations such as noxious stimu-
lus, awareness appear not necessary to engage amygdala. Thus, we
determined whether or not changes in local cerebral blood flow
could be observed in amygdaloid cerebral area following noxious
stimulus under propofol anaesthesia, using magnetic resonance im-
aging in the rat.
Subjects and Methods: Anaesthesia was induced in adult male
Sprague-Dawley rats, by intraperitoneal injection of propofol
100mg/kg followed by repeated injection of propofol 50 mg/kg via
an intraperitoneal catheter. Half of the rats were equipped with sub-
cutaneous monopolar electrodes to record EEG (EEG group,
n=11), while the other half of the rats were exposed to MRI (MRI
group, n=11). In MRI group, acquisition of basal data (4.7 T, Fast
Spin Echo, TR=8 min, TE=40 ms) was performed. Propofol is
known to induce important decrease of the cerebral blood flow
(51%) lowering the intensity of the basal Region Of Interest. Then,
formaline (10%, 50 µl) was injected in the hind paw, either in the
right or left paw. Two sets of images acquisitions were performed at
6 and 24 min post-formaline. The noxious action of formaline is
longer than 30 min, thus no rapid MRI sequence is required. For
analysis, all sets of images were normalised to basal acquisition im-
ages. In EEG group, rats were submitted to the same procedure:
basal EEG recording before formaline and then 45 min EEG
recording after formaline.
Results: Following formaline injection, no modification of EEG
was observed using this regimen of anesthesia. Comparison be-
tween basal and post-formaline MRI acquisitions evidenced signif-
icant bilateral modifications in amygdala area. Analysis of variance
on maximum pixels intensity in this ROI showed a significant in-
crease in local cerebral blood flow in both right and left amygdala
area after formaline injection at each time (p=0.0029), with a sig-
nificant difference between right and left amygdala (p=0.0217),
and no significant effect of side injection (p=0.52).
Discussion/Conclusion: The results show that formaline injection
under deep propofol anaesthesia, is responsible for a significant bi-
lateral increase in regional cerebral blood flow in amygdala. This
suggests a role for this limbic structure in the processing of noxious
stimulus during anaesthesia.

351
MRI and 31P MRS exploration of experimental cerebral
malaria
M. Penet1, A. Viola1, D. Ibarrola1, Y. Le Fur1, M. Izquierdo1, 
G. Duhamel1, N. Coltel2, M. De Reggi3, P. J. Cozzone1;
1Department of Medicine, CRMBM UMR CNRS 6612, Marseille,
FRANCE, 2Department of Medicine, Unité de Parasitologie
Expérimentale, Marseille, FRANCE, 3Department of Medicine,
INSERM U 399, Marseille, FRANCE.

Introduction: Malaria is a major tropical disease with 250 to 500
million cases per year. Cerebral involvement in the course of
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Plasmodium falciparum infection is the most common lethal com-
plication with 1.5 to 2 million deaths per year. The pathogenic
mechanisms leading to an acute encephalopathy are unclear (alter-
ation of brain microcirculation and/or dysregulation of brain home-
ostasis). Experimental murine cerebral malaria is a good model
mimicking the human syndrome. The aim of the current study is to
better understand the pathological processes leading to the cerebral
syndrome by using non-invasive in vivo techniques. We present the
results of a combined MRI/MRS study of this model showing the
existence of structural, vascular and metabolic alterations.
Subjects and Methods: In total, 30 CBA/J mice were used for this
study, 15 of them were infected with Plasmodium berghei ANKA
and explored at day 7 and 8 post-infestation and the remaining ani-
mals were used as controls. The explorations were performed at 4.7
T on a Bruker AVANCE Biospec MR system. The animals were
anesthetized with a mixture of ketamine and xylazine. The brain
MRI protocol included multi-slice T2-weighted images, T2*-
weighted images and diffusion-weighted images. Multi-slice T1-
weighted images were acquired before and after the injection of
Gd-DTPA in the caudal vein.
31P MRS was performed using a homemade surface coil. The spec-
tra were acquired with a one-pulse sequence (100 µs pulse; TR: 2 s;
1024 scans; SW: 8012.82 Hz).
Results: Volumetric analysis of T1 and T2-weighted images
showed a significant increase in brain volume associated with ven-
tricular enlargement in diseased mice. The cerebral edema was
confirmed by a decrease of the ADC value on diffusion maps.
Moreover, T2-weighted images displayed hyperintensities, which
were in most cases enhanced on post-contrast T1-weighted images,
mostly in the peri-striatal fibers and the corpus callosum. T2*-
weighted images demonstrated hypointense signals in the striatum
corresponding to petechial hemorrhages. Brain 31P MRS revealed
a significant decrease in cerebral pH associated with a reduction of
the (bATP+PCr)/Pi ratio.
Discussion and Conclusion: Our in vivo results show the exis-
tence of an important brain edema in cerebral malaria associated
with hemorrhages and lesions of the blood brain-barrier. Our previ-
ous observation of a high level of lactate in the 1H MRS spectrum
of diseased mice is probably in line with the finding of reduced pH
and energy metabolites. Taken together, these results suggest the
existence of major vascular damage associated with ischemia and
impaired energetic metabolism.

352
13C MRS detection of 1-13C- glycogen in mouse muscle in vivo
H. E. Kan, W. K. J. Renema, A. Veltien, A. Heerschap;
Radiology, University Medical Center, Nijmegen, NETHERLANDS.

Introduction: In vivo 13C magnetic resonance spectroscopy (MRS)
with 13C labelled compounds is a powerful method to study the dy-
namics of energy metabolism in various tissues including muscle
and brain. In humans, 13C MRS with labelled 1-13C-glucose has
been used extensively to study glycogen (re)synthesis in exercise
and diabetes while in rats, glycolysis flux rate and mitochondrial
energy metabolism have been investigated with this method [1]. In
mouse muscle, however, in vivo 13C MRS has not been used to
study glycogen metabolism thus far despite the great interest in all
kinds of transgenic mouse models.
In the present study we show, for the first time, glucose uptake and
glycogen formation in the in vivo mouse hind leg, despite the
smaller measurable muscle size compared to rats or humans.
Methods: 13C MRS experiments were performed at 7 T and a home
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build three-turn solenoid coil was used for 13C excitation and acqui-
sition, together with an Alderman-Grant type of proton coil for
shimming and decoupling.
After an overnight fast, a C57Bl6 mouse was canulated in the tail
vein and anaesthetized with 1,5% isoflurane. Body temperature
was maintained by a warm water blanket. Before, during and after
variable rate infusion of 1-13C-glucose (1 M) and 25 mU insulin
(0.55ml in 645s), pulse-acquire experiments were performed with
continuous wave (CW) 1H decoupling (90° pulse length 13C: 30 µs;
CW duration 1H: 20 ms; TR=300 ms; 512 averages) at the proton
resonance of glycogen. To investigate the incorporation of 1-13C-
glucose label into 1-13C-glycogen, spectra were summed in blocks
of 12 (time resolution about 30 minutes) and analysed using
jMRUI [2].
Results and Discussion: Immediately after the start of the infu-
sion, α- and β 1-13C glucose peaks increased and after about 60
minutes, the 1-13C-glycogen resonance appeared, increased with
time and reached a plateau after about 200 minutes (Fig. 1).This in-
dicates that 1-13C-glucose is incorporated into glycogen and that,
with dedicated equipment for signal acquisition and special adapt-
ed procedures for 13C-glucose label infusion, its signal can be ob-
served in vivo in the mouse hind leg.
Conclusion: Our results demonstrate that in vivo 13C MRS in com-
bination with 1-13C-glucose labelling can be used as a tool to study
glucose incorporation into glycogen in mouse muscle. This opens
up new avenues for the study of musculopathological mouse mod-
els.
References:
[1] Jucker, B.M., et al., (1997) Am J Physiol 273(1 Pt 1): E139-48.
[2] http://www.mrui.uab.es/mrui/mruiHomePage.html.
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Rat model of damage development in skeletal muscle subject-
ed to sustained mechanical loading
A. Stekelenburg1, C. W. J. Oomens1, G. Strijkers2, 
D. L. Bader1,3, K. Nicolay2; 1Biomedical Engineering, Eindhoven
University of Technology, Eindhoven, NETHERLANDS,
2Biomedical NMR, Eindhoven University of Technology,
Eindhoven, NETHERLANDS, 3Department of Engineering, Queen
Mary, University of London, London, UNITED KINGDOM.

Introduction: Pressure ulcers form a major problem in health care.
Between 14% and 33% of the patients in health care institutions de-
velop an ulcer. The aetiology is still not well understood. Previous
studies on the aetiology of pressure ulcers have revealed that the
period of applied loading to soft tissues is a critical factor in ulcer
formation. Damage has traditionally been assessed by histology
and could thus not be monitored real-time. In this study several
MRI methods are used to determine the location of tissue damage
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as a function of time. Besides deformation, hypo-perfusion and
reperfusion play an important role in damage development, and
therefore will also be studied in this model.
Methods: A novel experimental set-up was built to mechanically
load the tibialis anterior (TA) of anaesthetised Brown Norway rats
while the animal resides inside a MR scanner. The displacement of
a fluid-filled indenter was measured with MRI. The force was
measured using bending strain gauges mounted on a calibrated
loading beam. A load of 1.5 N was applied through the indenter for
2 hours. Immediately after and for up to 2 hours after removal of
the load, series of T2-weighted images (TE=25ms, TR=4s) were
taken to detect damage. A multi-echo sequence (TE= 12ms, 8
echoes, TR=4.5) was used to determine T2-maps. T2-weighted im-
aging was repeated the next day. The procedure was approved by
the animal care committee of the University of Maastricht.
Results: The initiation of damage occurred within 15 min after
load release (n=7). A temporal display of images (Figure 1) reveals
that damage typically evolved from a diffuse area to a localised
area extending from the bone to the skin after 2 hours. After 20
hours this localised area of damage is still present.

Figure 1. In the T2-weighted images, the development of damage is
shown in time. 
The area of damage determined in the MR images after 20 hours
correlated well with the area of damage assessed with histological
examination, where loss of cross-striation of muscle fibres was
found. T2-values increased from 27ms for healthy tissue to 40ms
for damaged tissue.
Conclusion: With this set-up the influence of a range of risk fac-
tors on damage development caused by prolonged loading can be
studied. Besides T2-weighted imaging, diffusion-weighted MRI
will be used to detect damage. The deformation of the tissue will be
determined using MR tagging and tissue perfusion will be meas-
ured using contrast enhanced MRI.
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Magnetic resonance characterization of colon cancer
metastases in rat liver at 7 T
G. Gambarota1, A. Veltien1, H. van Laarhoven2, O. Mook3, 
A. Jonker3, W. M. Frederiks3, A. Heerschap1; 1Department of
Radiology, UMCN, Nijmegen, NETHERLANDS, 2Department of
Medical Oncology, UMCN, Nijmegen, NETHERLANDS,
3Departments of Cell Biology and Histology, Academic Medical
Center Amsterdam, Amsterdam, NETHERLANDS.

Introduction: The liver is the major site of metastases for many
different types of cancer. However, in in vivo animal studies, which
are essential for the further improvement of therapy outcome in
metastasized cancer, MRI is often used for growth measurements
or qualitative descriptions of changes in T1- and T2-weighted im-
aging only [1]. Here, we investigate in vivo the relaxation proper-
ties of liver metastases and normal liver at 7 T with a surface
microstrip coil of novel design, employed in order to minimize
artefacts caused by breathing and heart beat.
Materials and Methods: Metastases were induced by injection of
CC531s colon carcinoma cells into the portal vein of Wag-Rij rats
(n=6), as described in [2]. MRI experiments were performed on a

7T MR-spectrometer. The original design of the RF microstrip [3]
coil (50x70mm) was modified by adding a tuning and matching
network. T1- and T2-weigthted multislice spin-echo images were
acquired for detection of metastases, with respiration triggering.
Subsequently, single-slice T2 and T1 measurements were per-
formed with CPMG imaging and Inversion-Recovery FLASH se-
quences, respectively, and pixel-by-pixel T2 and T1 maps were
generated. Rats were studied at week 2,3 and 4 after cell injection.
In addition, measurement were performed on an agar phantom in
order to compare signal-to-noise ratio of the microstrip coil with
that of a conventional birdcage coil.
Results and Discussion: The signal-to-noise ratio measured with
the microstrip coil was higher than that of a conventional birdcage
coil, up to a 25 mm distance from the microstrip coil. In in vivo ex-
periments, images with high signal to noise ratio and reduced arti-
fact contamination were obtained with the use of the microstrip coil
and triggered acquisition. T1 images showed little or no contrast
between liver and metastases, while the best metastasis-tissue con-
trast was achieved with T2-weighted images (Fig1).The T1 and T2
of the metastases were significantly different than those of liver, al-
lowing excellent detection without the need of contrast agent
(Fig2). The knowledge of the relaxation times in this animal model
of colon cancer metastases in rat liver could be useful for assessing
the efficacy of treatment, since it has been shown that changes in
the tumor nmr properties and microenvironment precede the
macroscopic volume changes following therapy.
References:
[1] Qin Y et al. Int. J.Cancer. 1992 Jun 19;51(4):665-70
[2] Mook OR et al. Hepatology 2003;38:295-304.
[3] Zhang X et al. Magn.Reson.Med. 2001 Sep;46(3):443-50.

Figure 1. Spin-echo images of rat liver. 4 weeks after induction of
colon cancer tumors. at 7 T. The use of a microstrip coil, in combi-
nation with respiratory triggering, yields images with high SNR
and minimal motion artifacts. Top row. T1-weighted images pro-
vide excellent anatomical delineation of the liver. Bottom row. In
T2-weighted images, tumors appear as hyperintense structures and
high metastases-tissue contrast is achieved.

Figure 2. Left panel. Spin-echo T2-weighted image of rat liver 4
weeks after induction of colon cancer tumor. Tumors appear as hy-
perintense structures. Center panel. Pixel-by-pixel T2 maps of rat
liver. T2 relaxation time is significantly higher in tumors (43±4
ms) than in liver (22±3ms). Right panel. Pixel-by-pixel T1 maps
of rat liver. Also T1 relaxation time is significantly higher in tu-
mors (1,9±0,3s) than in liver (1,1±0,2s).
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Comprehensive MRI exam for the detection and characterisa-
tion of atherosclerotic plaque in mice at high field
U. Köhler, T. Dietrich, E. Fleck, K. Graf, E. Nagel;
Department of Internal Medicine / Cardiology, German Heart
Institute Berlin, Berlin, GERMANY.

Introduction: Most information on the development of atheroscle-
rotic plaques stems from post-mortem analyses. In humans,
plaques form over a long period of time and the risk of rupture de-
pends on the precise composition of the plaque. ApoE Knockout
mice may serve as an animal model with a much faster develop-
ment of arterial plaque. A comprehensive Multi-Contrast exam has
been developed for the non-invasive, in-vivo imaging of mice
which may allow to perform serial in-vivo measurements.
Subjects and Methods: Control and ApoE (--) mice were scanned
(7 Tesla Pharmascan MRT, Bruker, Ettlingen) to investigate the for-
mation of plaques in arteries. A combination of four acquisitions
provided a comprehensive range of contrasts with (TE/TR) in ms
for MRA (FLASH, 4.5/21), T1 (RARE, 13.2/500), T1 FatSat, and a
combined PD/T2 (RARE, 16.3,63.5/2500). The TR of the T1 scans
was reduced to allow for continuous repetition of excitations dur-
ing free breathing. 16 slices with a pixels size of 109 µm x 109 µm
and 156 µm slice thickness where acquired.
Results: 

The image shows a plaque in the mouse aorta located at the renal
arteries of 126 µm x 312 µm in PD (left) and histological staining.
This very small plaque shows an area of 5 pixels on the MR scan.
Larger plaques have also been imaged.
Discussion / Conclusion: The exam presented allows for a com-
prehensive exam of arterial plaques in ApoE knockout mice. The
high resolution assures the detection of very small plaques and the
combination of contrasts enables the characterisation of larger
plaques. This has also been shown in (1,2) for a lower resolution.
References:
[1] Robin P. Choudhury et al [2002] Atherosclerosis 162: 315-321
[2] V.V. Itskovich et al [2003] MRM 49: 381-385
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Effect of isoflurane and pentobarbital on myocardial blood
flow and function in rats using spin-labeling and cine-MRI
I. Iltis, F. Kober, C. Dalmasso, C. Lan, P. J. Cozzone, 
M. Bernard; Centre de Résonance Magnétique Biologique et
Médicale, UMR CNRS 6612, Faculté de Médecine, Marseille,
FRANCE.

Introduction: In a context of growing interest in non-invasive
studies of small animal models, information on the effect of anes-
thesia on animal physiology is essential (1). In particular, previous-
ly reported myocardial blood flow (MBF) values found under
isoflurane anesthesia were higher than those obtained by other
groups under sodium pentobarbital (2). Here, we directly assessed
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the influence of isoflurane and pentobarbital on MBF and left-ven-
tricular (LV) function in the rat using spin-labeling and cine-MRI.
Methods: Eight healthy adult male Wistar-Kyoto (WKY) rats were
anesthetized with 2.5% isoflurane in a 1:1 O2:N2O mix (group
ISO). Ten animals received sodium pentobarbital intraperitoneally
and were breathing room air (group PB). MBF was measured in
vivo using a recently developed spin-labeling MRI method (3) and
LV ejection fraction was measured during the same experiment
using cine-MRI. All imaging experiments were performed in a hor-
izontal 4.7T magnet (Biospec Advance 47/30) using a surface coil
for RF reception and a homogeneous coil for emission. Image ac-
quisition was gated on both ECG and breath. The total experiment
time was about 30 minutes for both spin labeling and cine-MRI. T1
and perfusion maps were calculated. MBF was assessed as the av-
erage of pixels in a ROI covering the anterior LV.
Results: No significant differences between the groups were found
for the heart rate whereas the ISO group had a lower breath rate.
The table summarizes the results as mean±SD. Both MBF and ejec-
tion fraction were significantly lower (p<.05) in the PB group than
in the ISO group.
Discussion: Despite comparable heart rates, higher MBF is ob-
served under isoflurane. This finding is consistent with studies re-
porting vasodilating properties of this anesthetic (4). MBF
measured by microspheres in conscious rats (5) have yielded val-
ues in between the results reported here. Moreover, a higher con-
tractile function was found in the ISO group indicating better
preservation of LV function.
Conclusion: This study shows that isoflurane as an anesthetic
leads to higher MBF and contractility in rats than pentobarbital.
These differences should be taken into account for in vivo studies
on anesthetized rats.
References:
[1] Roth D, et al. Am J Physiol Heart Circ Physiol 2002; 282(6):
H2134-2140.
[2] Belle V, et al. J Magn Reson Imaging 1998; 8(6): 1240-1245.
[3] Kober F, et al. Magn Reson Med 2004; 51(1): 62-67.
[4] Blaise G, et al. Can J Physiol Pharmacol 1991; 69(6): 752-760.
[5] Kemp P, et al. Br J Pharmacol 1999; 126(3): 621-626.
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Age-related cerebral T2 modification in a mouse model of
Alzheimer�s disease
N. El Tannir El Tayara1, B. Delatour2, C. Le Cudennec2, 
M. Castel-Barthe3, J. Benavides3, H. Juretschke4, A. Volk5, 
M. Dhenain5; 1Technological platform, Curie Institute, Orsay,
FRANCE, 2Cnrs, umr 8620, Laboratoire NAMC, Orsay, FRANCE,
3Neurodegenerative Disease Group, Aventis Pharma, Vitry sur
Seine, FRANCE, 4MRI lab, Aventis Pharma Deutschland Gmbh,
Frankfurt, GERMANY, 5Technological plateform, Curie Institute,
Orsay, FRANCE.

Purpose/Introduction: Cerebral amyloid deposits are one of the
hallmarks of Alzheimer�s disease. Their effect on MRI parameters
such as T2 is still partially unknown. We evaluated age-related
cerebral T2 modification in transgenic APP/PS1 mice modeling
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massive cerebral amyloid deposition, and in control, amyloid free,
PS1 animals.
Subjects and Methods: 36 transgenic mice divided into two age
groups, �young� (27 to 45 weeks, 10 APP/PS1, 9 PS1) and �old�
animals (46 to 83 weeks, 6 APP/PS1, 11 PS1) were evaluated.
Images were acquired on a 4.7T Bruker Biospec system using a
surface coil actively decoupled from the transmitting birdcage
probe. They were recorded with a multislice multiecho sequence
(TE=12.2 to 73.2ms; TR=2000ms; resolution=117x117µm2, slice
thickness=1mm). T2 maps were generated by using a two parame-
ter exponential fit. T2 values were measured in various brain areas
(cortex, thalamus, hippocampus, corpus callosum…) and muscle
(control). Amyloid load was measured, from histological sections,
in corresponding regions.
Results: Comparing young and old groups of both genotypes, sig-
nificant T2 decreases (Mann Whitney�s tests, p<0.05) were noticed
in all ROIs (figure), except for the visual cortex in APP/PS1 mice
and the hippocampus in PS1 mice. In both genotypes, the T2 values
from all the brain regions were linearly and negatively correlated to
age (Pearson�s tests, p<0.01). In the APP/PS1 animals, a significant
negative linear correlation between T2 values and amyloid load
was detected in all regions (Pearson�s tests, p<0.05).
Comparison of age-matched APP/PS1 and PS1 groups revealed a
significant difference between T2 values in the subiculum of young
APP/PS1 and PS1 animals (Mann Whitney�s U=8.5; p<0.01; fig-
ure). No other significant T2 difference could be detected.

Figure. T2 values (mean±SEM) in the subiculum and frontal cor-
tex of young and old animals, (* p<.05).
Discussion/Conclusion: Age-related T2 decrease was noticed in
both APP/PS1 and PS1 mouse brains. Amyloid burden might con-
tribute to this decrease, as suggested by (1) the negative correlation
between T2 and amyloid burden in APP/PS1 mice, (2) the signifi-
cant difference between T2 values in the subiculum of young
APP/PS1 and PS1 animals; this latter might be related to the high
amyloid load in the subiculum of young double transgenic mice.
However other, yet to be determined factors, are obviously respon-
sible for the age-related T2 decrease noted in the two genotypes.
Acknowledgements: This work was supported by small animal
imaging program 2001 (CNRS/INSERM/CEA), the Aging ATC
2002 (INSERM), and the Fédération pour la Recherche sur le
Cerveau 2003.
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Passive staining facilitates imaging of amyloid deposits in
mouse models of Alzheimer's disease
M. Dhenain1, B. Delatour2, C. Walczak1, M. N. Castel-Barthe3,
J. Benavides3, H. P. Juretschke4, A. Volk1; 1Technological plat-
form, Curie Institute, Orsay, FRANCE, 2Cnrs, umr 8620,
Laboratoire NAMC, Orsay, FRANCE, 3Neurodegenerative
Disease Group, Aventis Pharma, Vitry sur Seine, FRANCE, 4MRI
lab, Aventis Pharma Deutschland Gmbh, Frankfurt, GERMANY.

Purpose/Introduction: Amyloid plaques are one of the hallmarks
of Alzheimer's disease. Imaging these lesions by MRI is a chal-
lenge because they are poorly contrasted with surrounding tissues,
and because, due to their small size, high spatial resolution must be
reached (1). Hence, imaging plaques is penalized by low CNR.
Peri-mortem perfusion of animals with gadolinium contrast agents,
a method called 'Active staining', improves the SNR (2). In this
study, we evaluated post-mortem treatment of brain samples with
gadolinium contrast agents (passive staining) to improve amyloid
plaques detection.
Subjects & Methods: Two APP/PS1 (with massive amyloid depo-
sition) and two control mice (PS1 and C57bl6) were studied. After
brain extraction, one hemisphere was soaked in a 1:40 mixture of
0.5 mmol/ml gadoteric acid (Dotarem®) and 10% buffered forma-
lin. The other hemisphere was fixed in 10% buffered formalin.
After approximately one week, the two hemispheres were embed-
ded in a 2.5% agar gel and imaged on a 4.7 T Bruker Biospec sys-
tem using a surface coil actively decoupled from the transmitting
birdcage probe (T2*-weighted gradient echo, TR=100msec,
TE=7.3 or 10, and 20msec, alpha=90°; resolution=63x47x59µm3,
NA=8, imaging time=7 hours). The samples were thereafter stained
for amyloid deposits using Congo red dye.
Results: Numerous hypointense plaque-like structures were visible
in the cortical areas, hippocampus and subiculum of the APP/PS1
stained hemispheres (Fig. 1 (TR/TE=100/20msec), arrows on the
right side). They were better visible on images recorded at
TE=20msec than on lower TE images. These spots were also visi-
ble, but less contrasted, on long TE images of one out of the two
unstained APP/PS1 hemispheres. They were not detected in images
from the control subjects. The distribution pattern of the spots (Fig.
2, left) was similar to that of histologically-assessed amyloid de-
posits (Fig. 2, right, white spots).

Discussion/Conclusion: The location of hypointense spots in amy-
loid-rich areas from stained APP/PS1 animals and their absence in
control brains suggest that they correspond to amyloid deposits.
Similar spots could be detected in the unstained hemisphere from
one of the APP/PS1 animals, but were less contrasted than after
staining. These data suggest that the passive staining procedure can
help to detect amyloid deposits in transgenic models of Alzheimer's
disease.
References:
[1] Dhenain et al. NMR in Biomedicine 2002.
[2] Benveniste et al. Neuroimage 2000.
Acknowledgements: Supported by the small animal imaging pro-
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Factors influencing cortical atrophy in mouse lemur Primates
M. Dhenain1, E. Chenu1, F. Nemoz-Bertholet2, F. Aujard2, 
A. Volk1; 1Technological platform, Curie Institute, Orsay,
FRANCE, 2Cnrs umr 5176, MNHN, Brunoy, FRANCE.

Purpose/Introduction: Mouse lemurs (Microcebus murinus) are
primates with a maximal life span of 12 years. Cerebral atrophy has
been reported in animals older than 3.5 (1). Its origin is still poorly
understood. Because mouse lemurs exhibit seasonal variations of
various physiological functions and because aged animals often
display vision alterations, we evaluated cortical atrophy in relation
to age, season and visual function.
Subjects & Methods: 28 animals (8 young (1.8-3 years); 12 mid-
dle aged (3.5-6 years) and 8 old subjects (6-12 years)) were evalu-
ated. In the breeding colony, animals are exposed to annual
variations of photoperiod, characterized by alternated 6-month pe-
riods of short days (SD, 10h light/day) and long days (LD, 14h
light/day). The effect of season was assessed in middle-aged sub-
jects (6 SD and 6 LD animals). Visual examination was performed
using an ophtalmoscope. Brain images (3D inversion-recovery fast
spin-echo images; TR/TE/TI=2500/6/200msec, RARE-factor=16,
NA=1, isotropic resolution=234µm) were recorded on a 4.7 Tesla
Bruker Biospec 47/30 system as previously described (2). An auto-
matic statistical segmentation technique was used to detect cere-
bro-spinal fluid (CSF) voxels (IDL, RSI-Kodak) (2). Then, CSF
voxels from various functional regions (frontal, temporal, parietal
areas…) were manually labeled and automatically counted
(�Display� freeware (ftp.bic.mni.mcgill.ca)).
Results: One SD middle-aged animal was more atrophied than all
the other SD animals. When it was removed from the statistical
analysis, a significant increase of CSF volume was found in regions
surrounding cortical (cingular, fronto-parietal, secondary parieto-
temporal, occipital) regions (Mann Whithney's Tests, p<0.05) of
LD animals.
All the aged blind animals presented with a critical atrophy in vari-
ous cortical areas (for example Mean ± SD CSF volume in areas
surrounding the occipital cortex=7958±1387 in aged blind animals,
=1672±716 in aged seeing animals, =2652±635 in middle aged see-
ing animals, and =1980±759 in young animals)(Figure 1).

Figure 1: Increase CSF volumes (arrows, white) in aged seeing
(left) and blind (right) animals.
Discussion/Conclusion: The CSF increase in LD animals might be
related to brain atrophy, but might also be related to a modification
of the neuroendocrinological and/or hydratation status in these ani-
mals. The CSF increase in aged-blind animals was much more crit-
ical, thus suggesting a critical effect of blindness on brain atrophy.
References: 
[1] Dhenain M. et al. Neurobiol. Aging, 21, 81-88, 2000.
[2] Dhenain M. et al. MRM, 50, 984-992, 2003.
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Increase of water proton T2 in perfused rat liver exposed to
cAMP
T. Dresselaers, N. Bergans, F. Vanstapel, P. Van Hecke;
Biomedical NMR unit, K.U.Leuven, Leuven, BELGIUM.

Introduction: It was suggested that in rats and humans T1 and T2
of water protons in liver may depend on its glycogen content (1,2).
Results however disagree on the details of this dependency. In the
present study we continuously monitored relaxation time variations
within livers exposed to dibutyryl cyclic AMP (cAMP), an activa-
tor of glycogenolysis and lipolysis(3).
Subjects and Methods: Proton MR images of perfused livers from
fed male Wistar rats (n=2) were collected in a 4.7T/30cm Bruker
Biospec using a loop-gap resonator (d=55mm) and a standard
MSME method (128 x 256; FOV=8cm; slice thickness=3 mm;
310K). T1 weighted images were obtained in both the coronal and
sagittal directions (liver resting on a flat surface along z-axis;
TR=0.2s/TE=18ms, NA=24). T2-maps were calculated using a
monoexponential fit from images at TE= 20, 40, 60 and 80 ms
(TR=4s; NA=1). A glass sphere containing water was placed under
the liver and used as a standard to correct for amplitude drifts of the
equipment. The fed livers were perfused with nutrient-free Krebs-
Henseleit buffer plus cAMP (100µM) to stimulate glycogen break-
down.
The experiments were approved by the Ethical Committee for
Animal Experiments of the K.U.Leuven.
Results: Addition of cAMP to the perfusate of a liver from a fed
rat, results in a T2 increase of about 30% over about 1 hour (Fig.1).
The increase after 20 minutes is about 10%. The T1W-images (ex-
trapolated to TE=0) show a small decrease (0-10%) over this peri-
od.
Discussion: Since glycogen binds water, the amount of liver glyco-
gen may influence the relaxation times of water protons. The ob-
served changes in the observed T2 values correspond to variations
of the fraction of water bound to glycogen. The strong increase in
T2, reflecting a reduction in the bound fraction, is expected since
cAMP is known to substantially increase (about 5 times (4)) the
breakdown rate of glycogen. Further research is needed to deter-
mine whether only the glycogen content causes the variation in T2
or whether other metabolic changes triggered by cAMP could also
have an effect on the T2.
References:
[1] Sostman D, Zoghbi S, Gore J. [1986] Magn. Reson. Imaging
4:479-483
[2] Leander P, Mansson S, Pettersson G. [2000] Acta Radiologica
41:92-96
[3] Stalmans W, Hers H-G [1975] Eur. J. Biochem. 54:341-350
[4] Borgs M, Bollen M, Keppens M, Yap SH, Stalmans W,
Vanstapel F. [1996] Hepatology 23:1564-71.
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Fig.1: Normalized increase in water proton T2 1 hour after cAMP
addition.
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Comprehensive 1H MRS and MRI study of subcutaneous
tumors in mice
C. Weidensteiner1, D. Laurent2, P. R. Allegrini2, M. Stumm1, 
P. M. J. McSheehy1; 1Oncology, Novartis Pharma AG, Basel,
SWITZERLAND, 2Discovery Technologies, Novartis Pharma AG,
Basel, SWITZERLAND.

Introduction: Localized 1H MRS can be used as a non-invasive
method for studying tumor metabolism in vivo. Choline is consid-
ered as a marker for tumor proliferation and may therefore be used
as an early biomarker of tumor response to drug therapy (1). The
current comprehensive study examined the relationship between
tumor 1H MRS determined choline levels in vivo, blood perfusion,
and tissue viability.
Methods: We have used human colon HT29 tumors grown sc in
the flank of nude mice (n=12) and murine RIF-1 tumors grown sc
in the thigh of syngeneic mice (n=12). MR measurements were per-
formed under anesthesia in a 4.7 T Biospec MR system. Regional
tumor blood perfusion was estimated by a series of dynamic con-
trast enhanced MR images (DCE-MRI) post GdDOTA infusion
using an inversion recovery gradient echo sequence (time resolu-
tion 6 s, duration 12 min). Water-suppressed 1H spectra were ac-
quired with the PRESS method (TE = 20 ms, TR = 1500 ms,
acquisition time 10 min) of two 8 mm3 voxels placed in poorly- or
well-perfused regions, respectively. Choline and lipid signals were
measured relative to water signal of a non-water-suppressed spec-
trum. H&E staining was performed on excised tumor slices.
Results: In HT29 tumors, DCE-MRI showed a well-perfused
tumor rim (55% of tumor area) and an under-perfused core.
Histology confirmed a viable rim and a necrotic core with small
clusters of viable cells. 1H MRS determined choline content was
approx. twice as high in the rim as in the core, whereas lipid con-
tent (CH2 signal at 1.3 ppm) was 40% lower. RIF-1 tumors showed
a more homogeneous perfusion, 50% lower lipid (CH2) and 40%
lower choline content compared to HT29 rim. In the necrotic core
of HT29 tumors an unsaturated lipid signal at 5.3 ppm was visible
which was occaisionally detected in spectra from the rim of HT29
or from RIF-1 tumors. This lipid peak has been shown to appear
during apoptosis (2).
Conclusion: Choline and lipids can be measured by 1H MRS in ex-

perimental tumor models and may be used as an in vivo biomarker
for tumor viability. Future experiments in these sc tumor models
will investigate the effect of cytotoxic drugs on 1H spectra.
References:
[1] Meisamy S et al., ISMRM 2003, abstract #758
[2] Hakumäki JM et al.[1999], Nature Med. 5:1323-1327
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DCE-MRI assessment of responses to hormone privation in
breast and prostate cancer models in rats
P. M. Walker1, O. Duchamp2, A. Bataille2, C. Tissier1, 
N. Guilbaud2, P. Genne2, F. Brunotte1; 1Biophysics Laboratory,
Faculty of Medicine, Dijon, FRANCE, 2Oncodesign SA, Parc
Technologique de la Toison d'Or, Dijon, FRANCE.

Purpose/Introduction: Angiogenesis has been shown to be an es-
sential factor for tumour growth and development. Recent studies
have reported that estrogen regulates angiogenesis in breast cancer,
although the mechanism is not yet clearly defined. Several hor-
mono-dependent tumour models have been developed and charac-
terised in rodents, and could be particularly helpful to study this
phenomenon in vivo. Using Dynamic Contrast Enhanced (DCE)-
MRI, we have chosen to evaluate the effects of hormone privation
on angiogenesis related parameters on hormono-dependent breast
and prostate cancer models . The objective was to investigate
whether tumour regression following hormone privation could be
associated with a change in tumour vessel permeability.
Subjects and Methods: Female Sprague Dawlay rats were used
for the DMBA-induced breast cancer model. Male Copenhague
rats were used for the R3327H prostate cancer model. For the
breast cancer models, hormone privation was performed by ovarec-
tomy once the rats had developed one or more tumours. For the
prostate cancer models, hormone deprivation was performed by or-
chiectomy when the mean tumour volume had reached 350 mm3.
MRI experiments were carried out on a Siemens 1.5 T Magnetom
Vision using a flexible surface coil. Volume measurement and
anatomical description of the tumours were carried out using a
multi-slice T2-weighted sequence (TR 4500 ms/TE 54 ms/NEX
2/Slice 2 mm) with an inplane resolution of 400 µm. A FLASH2D
gradient recalled echo imaging sequence (TR 200 ms/TE 6
ms/NEX 1/Slice 3 mm) was used to evaluate the tumour blood ves-
sel permeability. The macromolecular contrast agent Gadomer
(supplied by Schering AG, Berlin, Germany) was injected at 0.06
mmol/kg. The tracer uptake curves derived from the signal en-
hancement in the selected regions of interest (ROI) were analysed
using a bi-compartmental and bi-directional kinetic model for the
measurement of vascular permeability (Ktofts).
Results: Hormonal manipulation triggered the regression of estab-
lished tumours in the DMBA-chemoinduced breast cancer model.
Microvascular permeability on the tumour periphery was lower in
ovarectomized rats and seen to progressively decrease over time.
Hormone deprivation caused by castration of R3327H-tumour
bearing rats was associated with significant tumour growth inhibi-
tion. Perfusion curves generated from ROIs on the periphery of the
tumour at D14 after castration illustrate lower microvascular per-
meability in the tumour. The data suggest however that the reduc-
tion in KTofts is transitory.
Discussion/Conclusion: DCE-MRI is a sensitive imaging modali-
ty for the evaluation of tumour volume and vascular permeability
changes following hormone privation in hormono-dependent tu-
mour models.
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New animal model for objective pain research: Heat responses
measured by BOLD fMRI 
A. Hess1, M. Sergejeva1, L. Budinsky2, K. Brune2; 1Institute of
Pharmacology, FAU, Erlangen, GERMANY, 2Doerenkamp-
Lehrstuhl für Innovationen im Tier- und Verbraucherschutz, FAU,
Erlangen, GERMANY.

Purpose/Introduction: Even today there is a continuous demand
for development of novel analgesics to provide relief from different
types of pain. Since traditional behavioral pain examinations are
subjective, fMRI would significantly improve objective measure-
ments of analgesic effects. Moreover, a model which would allow
the investigation of (chronic) pain processes would open a new av-
enue in animal pain research. Therefore, we established a novel
heat pain paradigm producing reliable BOLD responses in pain re-
lated brain areas.
Subjects and Methods: FMRI was performed on a 4.7 T BRUK-
ER Biospec scanner. Functional series of 1800 sets of 10 axial
Echo Planar images (field of view 25mmx25mm, matrix 64x64,
TR 2000 ms, TEef 23.4 ms, slice thickness 0.5 mm) were acquired.
The initial 120 scans covered a 4 minutes period without any stim-
ulation, and the following 60 scans covered first 2 minutes of stim-
ulation. The next 60 scans covered the second 2 minutes
no-stimulation period and so on. The stimulation of the left hind-
paw of 300 g SD rats (n > 20) was performed using the MRI-ThS1-
2ch, which is a computer controlled peltier heating and cooling
device. At the beginning of each of the 4 stimulation cycle the pelti-
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er element was switched on for 20 sec. Computer adjustable current
resulted in temperatures of 35, 40, 45 and 50 °C at the end of the 20
sec. Functional analysis was performed using BrainVoyager 2000
V 4.8.5.0.
Results: Beside various brain areas, already known to be involved
in sensory and pain processing (cingulate cortex, somatosensory
cortex etc.) we focus our quantitative analysis to the medial thala-
mus (MT). Our results clearly show that, corresponding to heat
thresholds of peripheral sensory nerves, stimulation with 35 °C
does not lead to an activation of the MT. At 40 °C, MT is activated
and with higher temperatures the size of activation (Fig. 1) as well
as the intensity of the response (Fig. 2) is increased further.
Discussion/Conclusion: In conclusion, our computer controlled
peltier based heat stimulation of the rat hindpaw is a robust stimu-
lation paradigm leading to reliable BOLD activation of sensory and
especially pain related pathways. The results can be quantified with
respect to brain area, size, and intensity in relation to the tempera-
ture applied. Therefore, this non invasive animal pain model is
highly objective and well suited for testing new analgetics and to
study chronification of pain responses.
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Mammary-tumor microvascularization imaging
S. Benderbous1, P. Bougnoux2; 1UFR Sciences Pharmaceutiques,
INSERM U619, Tours, FRANCE, 2CHU Bretonneau, INSERM 
02-11, Tours, FRANCE.

Purpose/Introduction: The development of a microvascular net-
work through the process of angiogenesis is essential for a tumor to
grow1. Early non invasive detection and characterization of solid
tumors and their supporting neovasculature is a fundamental pre-
requisite for effective therapeutic intervention like antiangiogenic
and antivascular treatment.
We report the in vivo investigation of the vascularisation during tu-
moral developement in an autochtoneous rat mammary tumor by
MRI. Furthermore, we explored the T1 (spin-lattice) and T2/T2*
(spin-spin/susceptibility) effect on signal enhancement.
Subjects and Methods: At the age of mammary gland maturation,
18 Sprague-Dawley rats received a single subcutaneous injection
of 15 mg/kg of N-methyl-nitroso-urea. Time to tumor appearance,
growth and location of the tumors were monitored by weekly pal-
pation. For imaging, 3 group of rats received respectively 20, 60 or
120 µmol Fe/kg by the tail vein.
The very small iron oxide nanoparticles (VSOP) are coated with a
citrate monomer (iron core : 5 nm and overall diameter size : 8 nm).
The blood-half life in rat is 17 min ± 4 min for an IV injected dose
of 20 µmol Fe/kg. The T1 and T2 relaxivities in water at 37°C and
at a magnetic field of 0.47 T are respectively 30 and 39 mM-1.s-1.
After anesthetizia with inhaled gaz isofluorethan, the rats were im-
aged when tumor size reached 3 to 10 mm (Bruker Biospec 2.35T,
birdcage rf coil of 20 cm length and 10 cm diameter). Gradient-
echo (TR/TE/α : 250/7.7 ms/60°), T1 and T2 weighted spin-echo
images were acquired (respectively TR/TE = 607/16 ms, TR/TE =
1500/32.2 ms, 100 x 100 µm2 x 1mm).
Results: The vascularity of the tumors is highly heterogeneous
throughout the tumors. Individual vessels supplying a tumor area
are clearly visibles.

Despite the high field (2.35T), a significant positive enhancement
was observed in T1 weighted-gradient echo imaging after injection
of 20 µmol fe/kg. When increasing the dosage, the high difference
of susceptibility between vessels and surrounding tissues prevent to
observe such T1 effect.
Discussion/Conclusion: Contrary to conventional contrast agent
or to Gd-polymers2 and macromolecules, these iron oxide particles
do not leak readily from the blood vessels during the first minutes
after injection. The long intravascular half-life thus simplifies

measurements of R2 and R2
* during steady-state and allow to esti-

mate the tumor blood volume.

References:
[1] Kolkman J. 1995 Nat. Med.1 : 27-31.
[2] Brasch R et al, 1997 J. Magn. Reson. Imaging. 7 : 68-74.
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Use of high resolution MRI to evaluate fat remodeling in obese
Zucker rats in response to antidiabetic drugs
R. Fissoune1, L. Chaabane1, N. Pellet1, F. Contard2, 
D. Guerrier2, A. Briguet1; 1Umr 5012, CNRS, Villeurbanne,
FRANCE, 2Animal physiopathology, Merck Santé, Lyon, FRANCE.

Purpose: Accurate measurements of body fat are relevant for
metabolic diseases, especially to monitor effects of treatments.
Since NMR is a non-invasive technique for soft tissue morphome-
try and quantification, it is becoming widely used for evaluation of
fat distribution, especially for animal pharmacology. In the present
study, the effects of antidiabetic drugs on adipose tissue were eval-
uated in insulin-resistant obese Zucker rats by high resolution in
vivo MR imaging at 2T. Differential effects of drugs on fat distribu-
tion in central and peripheral depots were evaluated in vivo and
correlated to ex vivo weights.
Materials and Methods: Three groups of male obese Zucker rats
were gavaged for two weeks with methyl cellulose 0.5% (Placebo)
or antidiabetic drugs; Pioglitazone, a PPARγ activator (30
mg/kg/day, PIO), or LM4156, a dual PPARα and γ activator (100
mg/kg/day, LM4156). Body weight was measured during the study.
At day 15, proton T1 weighted images were acquired using a 2Τ
MRI system with a spatial resolution of 254 µm. A 3D visualization
and volume modelling software was used for fat volume measure-
ment of selected territories by segmentation of MR images. At the
end of the experiment rats were sacrificed and fat depots were re-
moved and weighted.
Results: Throughout treatment period, body weight gain was sig-
nificantly increased in the PIO group (101.8 ± 5.9g, p<0.01 vs
Placebo). High resolution MR images were obtained with a good
quality that allowed the delimitation and quantification of different
fat territories. Apart subcutaneous fat, volume variation of central
fat depots (epididymal and retroperitoneal) and peripheral fat de-
pots (inter- muscular) were significantly enlarged in Pioglitazone
treated rats (26%, 29% and 40%, respectively, p<0.01 vs Placebo).
No significant difference was observed in LM4156 treated rats.



Contrast agents

Measurements of in vivo fat volumes strongly correlate with ex
vivo tissue weights (r=0.63 to 0.91).
Conclusion: In this study, we have demonstrated that High
Resolution MRI provides an accurate and a non invasive measure-
ment of adipose distribution in obese Zucker rats. The images
analysis and segmentation of fat depots allowed the evaluation of
regions that were specifically implicated in drugs response. With
the balanced dual PPARαγ activator no fat remodelling was ob-
served compared to the specific PPARγ activator.
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Towards early diagnosis of tumours: nutrient mediated inter-
nalisation for tumour cell visualisation
M. Visigalli1, S. Aime2, P. L. Anelli3, C. Cabella1, S. Demattio3,
S. Geninatti Crich2, L. Lattuada3, F. Uggeri3, V. Vincenzi3; 1CRM
Chemical Development, Bracco Imaging SpA, Colleretto Giacosa,
ITALY, 2Dipartimento di Chimica IFM, Università di Torino,
Torino, ITALY, 3CRM Chemical Development, Bracco Imaging
SpA, Milano, ITALY.

Since an early diagnosis of cancer is crucial for an effective thera-
py, the visualisation of tumours at cell level is the most important
challenge to face in this field of research. In the last decades
scintigraphy proved to be a very sensitive technique, but it is affect-
ed of quite poor image resolution. An alternative to scintigraphy
could be represented by Magnetic Resonance Imaging (MRI), a
less invasive technique which is characterised by a very good 3D
image reconstruction of the organs, especially when associated
with the use of a specific contrast agents (CA).
The essential question to deal with is a well-defined differentiation
between �healthy� and tumour cells; in this respect the approach
we considered was a nutrient mediated up-take of the contrast
agent in which the increased metabolic needs of tumour cells com-
pared to non tumour ones are taken into account.
As amino-acid nutrients (e.g. glutamine and arginine) or pseudo-
nutrients (e.g. agmatine) are involved in the metabolism of the cells
and are actively transported through the membrane, they could be
used as a carrier for gadolinium chelates so the latter could accu-
mulate into cells. The metabolism differences between tumour and
non tumour cells could bring to different CA concentration at cell
level allowing the distinction between �healthy� and �sick� cells.
A series of new CA, showing the above mentioned nutrients linked
to gadolinium complexes, was synthesised. We took into account
both acyclic (DTPA) and macrocyclic (DOTA) ligands which, after
conjugation to the nutrient and complexation with gadolinium,
gave rise to complexes with a global charge ranging from negative
to positive.
In vitro up-take studies were performed with the new products on
different cell lines available in both tumour and non tumour form in
order to evaluate their activity respect our purposes. The prelimi-
nary results we obtained showed a certain selectivity between tu-
mour e non tumour cells for most of the cell lines we investigated;
the extent of that selection as well as the degree of internalisation,
was not homogeneous along the series of our compounds, anyway
is present and seemed to be structure dependent while the influence
of the charge was less important. The efficacy of these new CA was
also evaluated by imaging studies that confirmed the selection we
noticed in the cell culture studies.
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Synthesis and characterization of a new Gd-DTPA derivative
with a Fast Water Exchange 
S. Laurent, L. Vander Elst, F. Botteman, R. N. Muller;
Organic Chemistry, University of Mons-Hainaut, Mons, BELGIUM.

Introduction: The water residence time (τM) is a decisive param-
eter of the efficiency of MRI paramagnetic contrast agents but the
effects of chemical modification on this factor are still controver-
sial. In this study, a new Gd-DTPA derivative (GdL1) with an addi-
tional carboxylate group (Figure 1) was synthesized and
characterized by multinuclear NMR.

Figure 1: Structure of the Gd-complex GdL1
Materials and Methods: The ligand is obtained by acidic cleavage
of the ester synthesized as reported by Amedio et al. (1). Proton re-
laxation rate and variable temperature 17O NMR measurements
were recorded as already described on a Bruker Minispec PC-120
and on a Bruker AMX-300 spectrometer (7.05T).(2)
Proton NMRD profile was obtained on a Stelar relaxometer. 
Results and Discussion: The analysis of the 17O NMR data results
in a water residence time of GdL1 almost 5 times smaller than that
of the parent compound Gd-DTPA at pH=7.0(table 1). The proton
relaxivity of GdL1 at 20 MHz is 25 % larger than the Gd-DTPA one
at 310 K (table 1) indicating that the additional COO- is not coordi-
nated to the Gd ion. Using the classical innersphere and outer-
sphere theories, the theoretical adjustment of the proton NMRD
profile needs a high value of the electronic relaxation time at low
field (τSO) as well as a reduction of the distance between Gd3+ ion
and the coordinated water hydrogens (table 1 and figure 2). Since
the presence of the additional carboxylate group could be responsi-
ble for a second hydration sphere whose molecules are exchanging
very fast with the bulk, second sphere water molecules were in-
cluded in the theoretical model used above. The following parame-
ters obtained are: τR=65 ps, τSO=100 ps, τV=8 ps, 4 water
molecules in the second sphere at a distance of 0.4 nm and a corre-
lation time for these second sphere molecules equal to 29 ps. 
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Figure 2: proton NMRD profile of GdL1 and Gd-DTPA at 310 K
Table 1 

Conclusions: Thanks to its short water residence time, this new
Gd-complex with a global -3 charge appears thus as a good candi-
date to a macromolecular coupling.
References:
[1] Amedio J.C., Van Wagenen G., Zavlin G. [2000] Synthetic com-
munications, 30, 3755-3763
[2] Botteman F., Nicolle G., Vander Elst L., Laurent S., Merbach
A.E., Muller R.N. [2002] Eur. J. Inorg. Chem., 2686-2693
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Investigation of Gd-DTPA-9.2.27 monoclonal antibody and
porphyrin compounds as cancer-specific MR imaging contrast
agents
D. Shahbazi-Gahrouei; Medical Physics, Esfahan and
Shahrekord Univessities of Medical Sciences, Shahrekord, IRAN
(ISLAMIC REPUBLIC OF).

Four new MR imaging contrast agents were synthesized (1,2). Gd-
H (Gd-hematoporphyrin), Gd-TCP (Gd-tetra-carboranyl-
methoxyphenyl-porphyrin), Gd-DTPA-WM53, and
Gd-DTPA-9.2.27 have been applied both in cell line and into nude
mice using human melanoma (MM-138) xenografts. The biodistri-
bution, the T1 relaxation times, and the MR image signal enhance-
ment of the contrast agents are presented and the results are
compared.
The animal studies was performed with 6-8 week old nude
mice(nu/nu, Balb/c) with a mean weight of 20 g. Human melanoma
cells, MM-138 (2.5 × 106 cells), were injected subcutaneously in
the both flanks of nude mice. Four weeks after tumor implantation,
mice were injected with the different contrast agent conjugates.
The specific Gd-DTPA-9.2.27, non-specific Gd-DTPA-WM53,
Gd-H, and Gd-TCP were injected IP. The animals were sacrificed
by an over-dose of pentobarbital sodium 24 hr post IP injection,
followed by removal of critical organs (tumor, kidney, liver, spleen)
those were minced for MRI and ICP-AES experiments.MR images
were obtained on a 7.0 T Varian UNITY Plus. The gadolinium con-
tent was measured by ICP-AES (3).
The high uptake of Gd-DTPA-9.2.27 by the tumor resulted in ap-
proximately 20% modification in T1 relaxation time of the water in
human melanoma xenograft when compared to the T1 value for the
control. The non-specific antibody conjugate, Gd-DTPA-WM53,
recorded a T1 value similar to the control. Gd-TCP and Gd-H
showed 16% decrease in the T1 value for the tumor. The biggest
MR image signal intensity was observed for the tumor upon injec-
tion of Gd-DTPA-9.2.27, reflecting the shortening of T1 relaxation
times and the maximum accumulation of the contrast agent in the
tumor. The porphyrin-based contrast agents, also showed good en-
hancement of the signal of the tumor. The Gd-DTPA-9.2.27
showed the highest tumor uptake (35%), whereas 21% and 28% of
injected dose was retained in tumor using Gd-TCP and Gd-H, re-
spectively.
Signal enhancement of 150% over the control was observed for
specific conjugate. Porphyrin-based contrast agents, Gd-H and Gd-
TCP also enhanced the signal intensity by 120 and 70%, respec-

tively. The uptake of Gd-TCP by the tumor was sufficient to dual
use of this compound for both MR imaging and BNCT. Overall,
with the satisfactory low levels of Gd in the liver, kidney, and
spleen, and good tumor uptake, monoclonal antibody conjugated to
Gd-DTPA has considerable promise for further diagnosis applica-
tions of MR imaging.
References:
[1] Shahbazi-Gahrouei, D. et al, JMRI, 14(2), 169-174, 2001.
[2] Shahbazi-Gahrouei, D. et al, Australas Phys Eng Sci Med,
25(1), 31-38, 2002.
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Smart contrast agents: Synthesis and characterization of a
new pH sensitive structure
S. Laurent, L. Vander Elst, F. Botteman, R. N. Muller;
Organic Chemistry, University of Mons-Hainaut, Mons, BELGIUM.

Introduction: The residence time of the coordinated water mole-
cule τM of gadolinium derivatives of DTPA is known to depend on
functionalization of the ligand (1). In this study, Gd-DTPA-
BHydroxA, a bisamide derivative of Gd-DTPA is synthesized and
characterized at various pH. (Figure 1).

Figure 1 : structure of Gd-DTPA-BHydroxA
Material and Methods: The ligand DTPA-BHydroxA was ob-
tained by reaction of hydroxylamine and DTPA-Bishexylthioester.
Relaxation rates at 0.47 T were obtained on a Bruker Minispec P-
120. Variable temperature 17O NMR measurements were recorded
as already described on a AMX-300 spectrometer (Bruker,
Karlsruhe, Germany) (1).
Results and Discussion: The temperature dependence of the pro-
ton relaxivity of the complex at 0.47 T (20 MHz) as well as the evo-
lution of the transverse relaxation rate of 17O at pH 6.0 or 9.0 show
a pH sensitive behavior (figures 2 and 3). At pH 6, the water resi-
dence time of the neutral complex is approximately 10 times larger
(τ M

310 = 824±41 ns) than at basic pH (τM
310 = 78±8 ns) where the

complex is negatively charged .

Figure 2 : Proton relaxivity versus temperature of Gd-DTPA-
BHydroxA at pH 6.0 and 9.7 (Bo= 0.47 T)
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Figure 3 : Reduced transverse relaxation rate of water oxygen-17
(1/T2

r) as a function of the temperature for aqueous solutions of
Gd-DTPA-BHydroxA.
At pH 9.7, the water exchange rate does not limit the proton relax-
ivity whereas at pH 6, a limitation at low temperatures is observed.
This difference could be attributed either to a prototropic exchange
at high pH or to a faster exchange of the whole water molecule.
The analysis of the transverse relaxation rate of 17O shows that the
negative charges favour the expulsion of the water molecule and
therefore confirms the second hypothesis. Above pH 9.7, the depro-
tonation of the hydroxamic group located near the coordination
sphere and the subsequent faster water exchange thus explains the
higher proton relaxivity at low temperatures.
Conclusions: The study of the Gd-DTPA-BhydroxA clearly shows
that anionic groups have a positive influence on the water exchange
rate. For this complex, a faster water exchange is favored at basic
pH by ionization of the hydroxamic group. Such a structure could
be the basis of a new smart pH sensitive contrast agents.
References:
[1] Botteman F., Nicolle G., Vander Elst L., Laurent S., Merbach
A.E., Muller R.N. [2002] Eur. J. Inorg. Chem., 2686-2693
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Preclinical evaluation of several Integrin-targeted contrast
agents 
C. Burtea, S. Laurent, L. Vander Elst, R. N. Muller; Organic
Chemistry, University of Mons-Hainaut, Mons, BELGIUM.

Introduction: Integrin targeting with RGD containing molecules
has extensively been explored for therapeutic [1] or diagnostic [2]
purposes. We have evaluated the kinetics of affinity for integrin ex-
pressing cells and the pharmacokinetic parameters of two integrin-
targeted contrast agents which contained the GRGD peptide or the
CS1 fragment of Fibronectin (FN) grafted to USPIO (USPIO-g-
GRGD, USPIO-g-FN). Since lymphocyte infiltration is a manifest
feature of Con A hepatitis [3], the T-cell tagging with integrin tar-
geted USPIO particles could help to the MRI detection of early in-
flammatory reactions.
Subjects and Methods: GRGD and FN were grafted on the sur-
face of USPIO by epichlorhydrin reaction. Integrin targeting was
tested by MRI on Jurkat cells stimulated with phorbol myristate ac-
etate (PMA) and on mononuclear cells (MNC) collected from rats
with ConA hepatitis. The apparent dissociation constant (K*d) for
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integrins was estimated. Blood pharmacokinetics were assessed on
Wistar rats (healthy or with Con A hepatitis) injected with 30 µmol
of contrast agent / kg b.w. Iron content of the blood samples (col-
lected through the carotid artery) was determined by relaxometry.
Results: The higher binding (p < 0.01) on MNC from rats with
hepatitis and on PMA stimulated Jurkat cells vs. non-activated cells
proves the specific interaction of USPIO-g-GRGD and of USPIO-
g-FN with integrins; pre-incubation with GRGD or with FN inhib-
ited the interaction at the receptor sites by 34% and 87%,
respectively. The K*d for activated integrins is equal to 1.32*10-6

M (USPIO-g-GRGD) and 6.38*10-7 (USPIO-g-FN), respectively.
The diminished blood clearance in pathological conditions shown
by Te1/2 and Cltot (Table 1) is related to the integrin binding (i.e.
VLA-4, LFA-1 expressed by lymphocytes) of the two specific con-
trast agents.
Conclusion: Integrin tagging with USPIO particles is one of the
current goals for MR imaging of angiogenic microvessels and of
the immune cells participating in inflammatory diseases. Our work
evaluates for the first time the pharmacokinetic profile and the ki-
netics of integrin interaction of this type of contrast agents.
References:
[1] Sulyok GAG et al, Med Chem, 44, 2001, 1938.
[2] Sipkins DA et al, Nature Med, 4(5), 1998, 623.
[3] Wolf D et al, J Immunol, 166, 2001, 1300.
Table 1. Pharmacokinetic parameters (Te1/2 = elimination half-life;
Cltot = total clearance; VDc = volume of distribution in the central
compartment): * = vs. USPIO; w = vs. healthy; *,w = p < 0.01;
**,ww = p < 0.05.
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A novel series of extracellular pH indicators for 1H NMR
spectroscopy based on dimeric imidazol structures
M. Benito1, L. Domínguez2, P. Lopez3, S. Cerdan1, 
P. Ballesteros3, J. Marco2; 1Molecular Structure and Function,
CSIC, Madrid, SPAIN, 2Organic and Medicinal Chemistry, CSIC,
Madrid, SPAIN, 3Organic Synthesis and Molecular Imaging,
UNED, Madrid, SPAIN.

Introduction: Measurements of extracellular pH (pHe) entail con-
siderable importance in the diagnosis, prognosis, choice of
chemotherapy and evaluation of treatments in Oncology. We pro-
posed previously the use of imidazol alkanoic acids as pHe indica-
tors for 1H NMR spectroscopy. Here we describe the synthesis,
physicochemical, and toxicological properties of a novel series of
improved spectroscopic pH probes containing two imidazol mole-
cules per indicator (di-imidazol-1-yl-poliols derivatives). 
Methods: Synthesis Compounds 1-3 (Fig. 1 inset, n= glycerol 1,
treitol 2, mannitol 3) were prepared trough a three step synthesis:
selective protection/deprotection of the hydroxyl groups, followed
by activation of the terminal -OH and alkylation of two imadazol
rings. pKa determination. Variations of the chemical shifts of the
H2 protons with pH were investigated by 1H NMR spectroscopy
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(500.13 MHz, 37oC), using 200 mM compound in rat plasma. The
results were fitted to the Henderson-Hasselbalch equation, pH=
pKa + log (δacidic-δ)/(δ- δalkaline), to determine pKa and titration
ranges. Experiments with Cells. C6 cells grown to confluence, were
suspended with DMEM (cytocrit 30%). 1H NMR spectra of C6
cells were obtained as indicated above before and after the addition
of the indicated compounds (up to 25 mM final conc.). Toxicity. C6
cultures were incubated with increasing concentrations of the indi-
cators 1, 2 and % lactic dehydrogenase (LDH) released to the medi-
um was measured by enzymatic methods.
Results: 1H NMR titrations allowed to determine pKa values (titra-
tion ranges) for 1: 6.40 (1.12), 2: 6.46 (1.11), 3: 7.00 (1.08). Spectra
of C6 cells incubated with 2 (Fig. 1 left) and 3 (Fig. 1 right),
showed these compounds accumulate in the extracellular space, re-
vealing similar values of pHe only. Toxicity assays of compounds
2-3 in cells measured no significant toxicity up to 100 mM.
Discussion/Conclusions: Several NMR methodologies have been
proposed to measure pHe no invasively in tumors including 19F, 1H
NMR spectroscopy or more recently MRI. Of these, 1H NMR indi-
cators are unique in providing simultaneous measurements of pHe
and tumor metabolites, an advantage which can help to correlate
pH measurements with tumor typing by pattern recognition tech-
niques. However, reduced signal to noise and a low pKa=6.5, limit-
ed the use of the previous series. The pKa = 7.0 of compound 3 and
the two imidazol moieties per molecule of indicator promise im-
portant improvements in resolution and sensitivity in pHe measure-
ments by 1H NMR spectroscopy in vivo.
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Highly sensitive Streptavidin-based magnetic nanosensors as
an useful tool in clinical diagnosis
C. Burtea, S. Laurent, A. Roch, L. Vander Elst, R. N. Muller;
Organic Chemistry, University of Mons-Hainaut, Mons, BELGIUM.

Introduction: Various types of targeted iron oxides have lately
been developed and used as magnetic labels due to their high r2 fa-
cilitating the detection of cellular receptors at concentrations as low
as 10-8 M [1]. The high affinity of biotin for streptavidin has made
this protein one of the most useful tools in biotechnology [2]. In the
present work, streptavidin (Strp) and biotin (Bt) grafted USPIO
particles (USPIO-g-Strp and USPIO-g-Bt) were used to detect and
quantify human IgG by NMR relaxometry and imaging (MRI).
Subjects and Methods: Strp and Bt were grafted on USPIO by
epichlorhydrin reaction. Various dilutions (642 nM -10 nM) of bi-
otinylated IgG (IgG-Bt) were incubated with different concentra-
tions of either USPIO-g-Strp alone or USPIO-g-Strp and
USPIO-g-Bt. T2 values were measured (60 MHz, Bruker
Minispec) before and after the addition of USPIO solutions. For
MRI, various dilutions of IgG-Bt were immobilized on protein A-
coated ELISA plates and incubated with 1 mM USPIO-g-Strp and 4
mM USPIO-g-Bt. After rinsing, the bound ligands were resuspend-
ed with 0.2 M glycine and analyzed by MRI (Bruker AVANCE-
200, 4.7 T); the T2 values were measured on images. Iron
concentration was determined with a calibration curve obtained by

MRI. The affinity constants of this interaction were estimated.
Results: The addition of 50 µM USPIO-g-Strp to IgG-Bt raised R2
in a concentration-dependent manner, i.e. 5.5 s-1 for 642 nM IgG-
Bt, 5.1 s-1 for 321 nM IgG-Bt, as compared to 4.3 s-1 for 50 µM
USPIO-g-Strp alone. The macromolecular assembly between IgG-
Bt, USPIO-g-Strp (50mM), and USPIO-g-Bt (100mM) induced a
significant increase of R2, which reached a value of 16.6 s-1 for 642
nM IgG-Bt, and 13.6 s-1 for 321 nM IgG-Bt, respectively; the R2 of
the assembly between USPIO-g-Strp and USPIO-g-Bt is of 12 s-1.
The results have shown that the magnetic nanosensors are highly
sensitive to IgG-Bt concentrations as low as 38 nM. The Kd estimat-
ed by MRI (Figure 1) for Strp-Bt interaction was 5.8 10-14 M, which
is quite close to the one mentioned in literature [3], i.e. 10-15 M.

Figure 1. MRI estimation of Kd for Strp-Bt interaction
Conclusions: The highly sensitive streptavidin-based magnetic
nanosensors described in our work could find various applications
in biomedical research and clinical diagnosis.
References:
[1] Perez JM et al, [2002] Nat Biotechnol, 20, 816-820.
[2] Stayton PS et al, [1999] Biomolec Engineering, 16, 93-99.
[3] Chaiet L, Wolf EJ, [1964] Arch Biochem Biophys, 108, 1-5.
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Preclinical evaluation of a new ααvββ3-targeted nonpeptidic
RGD mimetic grafted to USPIO. Preliminary investigations on
the molecular imaging of vulnerable atherosclerotic plaques.
C. Burtea1, L. Chaabane2, S. Laurent1, E. Canet Soulas2, 
L. Vander Elst1, A. Briguet2, R. N. Muller1; 1Organic Chemistry,
University of Mons-Hainaut, Mons, BELGIUM, 2Lab of NMR,
Université C. Bernard, Villeurbanne, FRANCE.

Introduction: Plaque rupture occurs frequently at its shoulder re-
gion and is always associated with the presence of angiogenic mi-
crovessels and of inflammatory cells at the immediate site of the
rupture [1]. The integrin αvβ3 is a common marker of angiogenesis
and its targeting has been tempted in the present work with a new
non-peptidic RGD mimetic superparamagnetic contrast agent
(USPIO-g-mimRGD). The evaluation of specific interaction with
integrins, of pharmacokinetic parameters and of the potential to
image plaque-associated angiogenesis represented the main goals
of our paper.
Subjects and Methods: The RGD mimetic (Figure 1) was ob-
tained as described by Sulyok [2] and was grafted on the surface of
USPIO by epichlorhydrin reaction.
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Integrin targeting was evaluated on Jurkat cells stimulated with
phorbol myristate acetate (PMA). The samples were analyzed by
MRI (Bruker AVANCE-200, 4.7 T) and the T2 measured on im-
ages. The apparent dissociation constant (K*d) for integrins was
estimated.
Blood pharmacokinetics were assessed on Wistar rats, healthy or
with hepatitis induced by concanavalin A, and injected with 30
µmol contrast agent (USPIO-g-mimRGD, USPIO) / kg b.w. Iron
content of the blood samples (collected through the carotid artery)
was determined by relaxometry (60MHz, Bruker Minispec).
To assess the molecular imaging of atherosclerotic plaques, apoE-/-

mice were injected with 60 µmol contrast agent / kg b.w and ana-
lyzed at 2T (Oxford imaging system; fast SE: TR/TE = 2750/25-25
and 2750/25-50ms; TOF 3D: TR/TE = 13/3ms) and at 4.7 T
(Bruker AVANCE-200; RARE: TR/TE = 3000/20ms, RARE factor
= 4).
Results:The specific interaction of USPIO-g-mimRGD with inte-
grins was confirmed by its higher binding (p < 0.05) on PMA stim-
ulated Jurkat cells vs. non-activated cells; pre-incubation with
GRGD inhibited the interaction at the receptor sites by 70%. The
K*d for integrins is equal to 1.02*10-5 M in activated state and
1.0*10-3 M in non-activated state. A prolonged half-life of elimina-
tion was observed for USPIO-g-mimRGD (266min) in rats with
hepatitis as compared to USPIO (170min). SI decrease in images
shown on Figure 2 indicates that USPIO-g-mimRGD accumulates
at the level of atherosclerotic plaque, mainly around the blood ves-
sel lumen.
Conclusion: The new compound is the first non-peptide RGD
mimetic grafted to USPIO for diagnostic purposes, which can find
a wide range of applications for the MRI detection of pathologies
like atherosclerosis or cancer.

References:
[1] de Boer OJ et al [1999] Cardiovasc Res, 41, 443-449.
[2] Sulyok GAG et al [2001] Med Chem, 44, 1938-1950.
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Synthesis and characterization of the novel monoamide
derivatives of Gd-TTDA for MRI
Y. Wang1, C. Li1, M. Ou1, G. Liu2; 1Medicinal and Applied
Chemistry, Kaohsiung Medical University, Kaohsiung, TAIWAN
REPUBLIC OF CHINA, 2Medical Imaging, Kaohsiung Medical
University, Kaohsiung, TAIWAN REPUBLIC OF CHINA.

Introduction: For small molecular contrast agents, the water-resi-
dence lifetime has slightly influence on relaxivity, but it shows sig-
nificantly influence on macromolecular contrast agents. Hence, the
[Gd(TTDA)]2- was chosen it�s water-residence lifetime is signifi-
cantly lower than that of [Gd(DTPA)]2- and reached the optimal
value. We have modified the central carboxylate group of TTDA
with N�-methylamide, N�-benzylamide, and N�-2-methoxybenzy-
lamide moieties and have understood the N�-monoamide sub-
stituent effect on the thermodynamic stability and physicochemical
characterization of Gd(III) complexes.
Subjects and Methods: The relaxivity r1 of the Gd(III) complex-
es was measured using a NMR spectrometer operating at 20 MHz
and 37 ± 0.1°C. The reduced 17O-NMR transverse and longitudinal
relaxation rate and chemical shifts data were analyzed together to
determine the water-exchange lifetime and the rotational correla-
tion time. In the experiment of albumin binding ability, the value of
binding constant(KA) , the protein binding percentage and bound
relaxivity for [Gd(TTDA-BA)]--HSA and [Gd(TTDA-MOBA)]--
HSA were determined by E and M titration.
Results and Discussion: The relaxivity(r1) of [Gd(TTDA-MA)]-

(3.89 mM-1s-1) is similar to those of [Gd(DTPA)]2-(3.89 mM-1s-1),
[Gd(TTDA)]2-(3.85 mM-1s-1) and [Gd(DTPA-BMA)](3.85 mM-1s-1).
However, the relaxivity values of [Gd(TTDA-BA)]-(4.21 mM-1s-1)
and [Gd(TTDA-MOBA)]-(4.25 mM-1s-1) are significantly higher
than those of [Gd(DTPA)]2-, [Gd(TTDA)]2- and [Gd(DTPA-BMA)].
The kex 

298 values for [Gd(TTDA-MA)]-, [Gd(TTDA-BA)]-,
[Gd(TTDA-MOBA)]-, and [Gd(TTDA)]2- are 37.8×106, 29.6×106,
26.9×106, and 146×106 s-1, respectively. The less negative and less
strongly coordinating group of amide can not be expected to pull
the ligand more tightly around the metal center, thus decreasing the
crowding at the water binding site and hence possibly give rise to a
shorter gadolinium-inner sphere water oxygen distance and a lower
water-exchange rate. We can also generally state that the replace-
ment of one carboxylate group by an amide group decreases the
water-exchange rate of the gadolinium(III) complexes by a factor
of about 5.
For [Gd(TTDA-BA)]--HSA and [Gd(TTDA-MOBA)]--HSA, KA
values were 1.0×103 and 1.3×103 M-1. The affinity for HSA in this
series of related Gd(III) complexes appears to be dependent on the
hydrophobic substituents on the amide. The bound relaxivity val-
ues for [Gd(TTDA-BA)]--HSA and [Gd(TTDA-MOBA)]--HSA
adducts are 42.9 and 40.9 mM s-1, respectively, and represent the
higher relaxivity.
Conclusion: [Gd(TTDA-MA)]-, [Gd(TTDA-BA)]-, and
[Gd(TTDA-MOBA)]- possess higher relaxivity, higher thermody-
namic stability constant, and longer rotational correlation time
might result in a novel type of contrast agent for MRI. Moreover,
the relatively strong binding between [Gd(TTDA-BA)]- and
[Gd(TTDA-MOBA)]- and HSA increased the interest for potential
use as the contrast agents for MR angiography.



Contrast agents S217

375
Synthesis and physicochemical characterization of three
gadolinium(III) TTDA-like chelates endowed with high
binding affinity to human serum albumin
Y. Wang1, M. Ou1, G. Liu2; 1Medicinal and Applied Chemistry,
Kaohsiung Medical University, Kaohsiung, TAIWAN REPUBLIC
OF CHINA, 2Medical Imaging, Kaohsiung Medical University,
Kaohsiung, TAIWAN REPUBLIC OF CHINA.

Introduction: The development of novel applications of MRI con-
trast agent will largely depend on the availability of systems en-
dowed with high relaxivities or target on specific organ / tissue.
Theory and early results with metal ions bound to proteins suggest
that an increase in relaxivity could be obtained by protein-chelate
binding. In this studies, the ligands TTDA-N-BOM, TTDA-N�-
BOM and TTDA-N-N��-BOM2 which are the derivatives of TTDA
(3,6,10-tri(carboxymethyl)-3,6,10-triaza dodecanedioic acid) bear-
ing benzyloxymethyl group were synthesized to tuning the
lipophilicity of Gd(III) complexes and expected to have strong
binding with protein.
Subjects and Methods: The reduced 17O-NMR transverse and lon-
gitudinal relaxation rate and chemical shifts data were analyzed to-
gether to determine the water-exchange lifetime and the rotational
correlation time. In the experiment of albumin binding ability, the
value of binding constant(KA) and the protein binding percentage
and bound relaxivity for [Gd(TTDA-N-BOM)]2-/HSA, [Gd(TTDA-
N�-BOM)]2-/HSA and [Gd(TTDA-N-N��-BOM2)]2-/HSA, was also
investigated.
Results and Discussion: The r1 relaxivity of [Gd(TTDA-N-
BOM)]2-, [Gd(TTDA-N�-BOM)]2- and [Gd(TTDA-N-N��-BOM2)]2-

were 4.4, 4.5 and 4.9 mM-1s-1, respectively, these values are signifi-
cantly higher than that of [Gd(TTDA)]2- (3.85 mM-1s-1). The order
of rotation correction time is [Gd(TTDA-N-N��-BOM2)]2- >
[Gd(TTDA-N-BOM)]2- ≈ [Gd(TTDA-N�-BOM)]2- > [Gd(TTDA)]2-.
The accurate estimation of water-exchange lifetime values 8.9, 7.4
and 5.2 ns for [Gd(TTDA-N-BOM)]2-, [Gd(TTDA-N�-BOM)]2- and
[Gd(TTDA-N-N��-BOM2)]2- are significantly smaller than that of
[Gd(BOPTA)]2-. The smaller water-exchange lifetime for those
Gd(III) complexes are perhaps due to the longer backbone in the
ligand which might be pulled tightly into the first coordination
sphere and lead to the highly steric constraint on the water binding
site.
For [Gd(TTDA-N-BOM)]2-/HSA, [Gd(TTDA-N�-BOM)]2-/HSA
and [Gd(TTDA-N-N��-BOM2)]2-/ HSA adduct, KA values were
3.4×102, 3.1×102, 1.3×103 M-1, respectively. [Gd(TTDA-N-BOM)]2-

/HSA and [Gd(TTDA-N�-BOM)]2-/HSA are similar to that of
[Gd(BOPTA)]2-/HSA adduct (4.0×102 M-1), but [Gd(TTDA-N-N��-
BOM2)]2-/HSA is significantly higher than that of [Gd(BOPTA)]2-

/HSA, it is suggested that the affinity to HSA dependent on the
number of lipophilic groups. The value of bound relaxivity for
[Gd(TTDA-N-BOM)]2-/HSA, [Gd(TTDA-N�-BOM)]2-/HSA and
[Gd(TTDA-N-N��-BOM2)]2-/HSA adduct were 33, 35 and 42 mM-

1s-1, and the protein binding percentage were 37%, 39% and 45%,
respectively. From these results, TTDA derivatives bearing benzy-
loxymethyl group have strong binding ability with HSA.
Conclusion: The gadolinium(III) complexes with linear
poly(aminocarboxylate) ligands, TTDA-N-BOM, TTDA-N�-BOM,
and TTDA-N-N��-BOM2, their water-exchange lifetime(τM) are
significantly smaller than that of [Gd(BOPTA)]2-. As the result of
HSA binding ability experiment, [Gd(TTDA-N-BOM)]2-,
[Gd(TTDA-N�-BOM)]2- and [Gd(TTDA-N-N��-BOM2)]2- exhibit
the higher binding constant and binding percentage to protein.
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Comparison of gadobenate dimeglumine (Gd-BOPTA) with
gadopentetate dimeglumine (Gd-DTPA) for enhanced MR
imaging of brain and spine tumors in pediatric subjects
C. Colosimo1, G. Pirovano2, B. Hogstrom2, M. Kirchin3, 
A. Spinazzi2; 1Scienze Radiologiche del Dipartimento Scienze
Cliniche e Bio Immagini, Ospedale Santa Maria Annunziata,
Chieti, ITALY, 2Worldwide Medical Affairs, Bracco Diagnostics
Inc., Princeton, NJ, 3WWMA/Medical Communication, Bracco
SpA, Milan, ITALY.

Purpose/Introduction: Gadobenate dimeglumine (Gd-BOPTA,
MultiHance®, Bracco Imaging SpA, Milan, Italy) is a paramagnetic
contrast agent whose T1 relaxivity in vivo (r1=9.7 mmol�L-1s-1) is
approximately twice that of Gd-DTPA and other available gadolin-
ium agents due to a capacity for weak and transient interaction with
serum albumin. The present study was conducted to determine
qualitatively and quantitatively whether Gd-BOPTA has advan-
tages over Gd-DTPA for enhanced MR imaging of pediatric sub-
jects with confirmed brain or spine tumors.
Subjects and Methods: A total of 63 pediatric patients with CNS
(brain and spine) lesions received 0.1 mmol/kg BW doses of either
Gd-BOPTA (n=29; mean age 7.5±4.8 years) or Gd-DTPA (n=34;
mean age 7.9±4.7 years). MR images were acquired before
(T1+T2wSE) and within 10 minutes (T1wSE) of contrast agent in-
jection. Blinded unpaired and paired qualitative assessment in 26
(Gd-BOPTA) and 32 (Gd-DTPA) patients was performed to com-
pare pre- to post-dose changes in quality of lesion visualization (5-
point scales for border delineation, visualization of internal
morphology, contrast enhancement). Quantitative evaluation in 19
(Gd-BOPTA) and 23 (Gd-DTPA) patients was performed to com-
pare changes in lesion-to-background ratio (L/B), contrast-to-noise
ratio (CNR) and % enhancement (%En).
Results: Unpaired post-dose scores for lesion border delineation,
visualization of internal morphology and contrast enhancement
were 3.3±0.6, 3.4±0.6 and 3.4±0.6 for Gd-BOPTA, respectively,
and 3.1±0.7, 3.4±0.6 and 3.1±0.7 for Gd-DTPA, respectively. The
pre- to post-dose changes were significantly superior for Gd-
BOPTA compared to Gd-DTPA for border delineation (p=0.018)
and contrast enhancement (p=0.006) and equivalent for visualiza-
tion of internal morphology (p=0.126). Paired assessments re-
vealed non-significant superiority for Gd-BOPTA for border
delineation and visualization of internal morphology and signifi-
cant superiority for contrast enhancement (p=0.04). Significantly
better performance for Gd-BOPTA was noted also for lesion-by-le-
sion assessments of border delineation and contrast enhancement
(p<0.01, all assessments). Mean post-dose values for L/B, CNR
and %En were all superior for Gd-BOPTA compared to Gd-DTPA
(0.5±0.4 vs. 0.3±0.4; 9.1±15.4 vs. 2.2±9.9; 66.6±47.4 vs.
42.8±39.0, respectively).
Discussion/Conclusion: As in adult patients, Gd-BOPTA demon-
strates significant superiority over Gd-DTPA for enhancement of
brain and spine tumors in pediatric patients. The superior contrast
enhancement can be attributed to the two-fold greater T1 relaxivity
in blood of Gd-BOPTA and my be clinically advantageous for the
detection and diagnosis of small or poorly enhancing tumors in
subjects for whom other diagnostic imaging techniques may be less
desirable.
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Identification of small anatomical brain structures using
manganese-enhanced MRI
G. Bernat1, H. G. Niessen2, F. Angenstein1, J. Goldschmidt1, 
H. Heinze2, H. Scheich1; 1Special Lab Non-Invasive Brain
Imaging, Leibniz-Institute for Neurobiology, Magdeburg,
GERMANY, 2Department of Neurology II, Otto-von-Guericke
University, Magdeburg, GERMANY.

Introduction: Application of manganese-based contrast agents en-
ables the recording anatomical brain images with enhanced con-
trast revealing many anatomical details. This technique provides a
potential tool to study genetically engineered mice generated to in-
vestigate the development and therapeutical approach to treat sev-
eral neurodegenerative disorders. In comparison with other
histological methods, manganese-enhanced MRI has the following
advantages: it is less time consuming, not accompanied with defor-
mations caused by tissue processing, less difficulties in generating
a 3-dimensional data sets. Furthermore, structural changes can be
observed in an individual animal on time.
Methods: 200 µl of a 100 mM MnCl2 solution were injected sub-
cutaneously. Animals were anaesthetized with 1.5-2% isoflurane
and secured using a head-holder with bite bar to reduce motion ar-
tifacts. MRI experiments were performed on a Bruker Biospec
47/20 scanner operating at 4.7 T equipped with a BGA-12 (200
mT/m) gradient system. A continuous 3D data set was aquired
using a T1-weighting 3D MDEFT (modified driven equilibrium
fourier transform) imaging sequence.
Results and Discussion: We present the application of a man-
ganese-based �magnetic staining� for the structural and functional
MRI-mapping of various nuclei and fiber tracts in mouse brains.
After transportation into the cell body, manganese is bound by pro-
teins leading to a pronounced contrast of certain brain areas. The
good agreement between manganese-enhanced MRI and man-
ganese autometalography is demonstrated. Certain structures can
be identified in great detail. Structures with high manganese up-
take, such as the olfactory bulb, amygdaloid complex, hippocampal
formation, and cerebellum are clearly revealed.
Conclusions: As a routine application, the magnetic staining may
be an important tool to acquire phenotype-dependent maps of the
basal neuronal activity in several mouse stains. In addition, this
method may also allow us to investigate neuronal activation pat-
terns after stimulation.
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Correlations between longitudinal relaxation and diffusion in
excised rat myocardium
J. G. Seland1, M. Bruvold1, H. Brurok1, P. Jynge1, J. Krane2;
1Department of Circulation and Medical Imaging, Norwegian
University of Science and Technology, Trondheim, NORWAY,
2Department of Chemistry, Norwegian University of Science and
Technology, Trondheim, NORWAY.

Introduction: Myocardium can be regarded as a porous system,
where water is confined in different compartments (mainly intra-
cellular (ic), and extracellular (ec)). We use novel diffusion-T1 (D-
T1) correlation measurements to identify these possible water
compartments.
Subjects and Methods: Rat hearts were perfused with Krebs
buffer (10 minutes), followed by infusion (washin) with MnCl2 (5
minutes), and then washout with buffer (15 minutes). Rat my-
ocardium was excised and placed in a NMR tube.
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Measurements were performed on a Bruker Minispec (20 MHz, 37
oC). Relaxation and diffusion measurements were performed using
standard methods. D-T1 correlation experiments were performed
using a combination of Saturation Recovery (SR) and Pulsed Field
Gradient Spin Echo (PGSE) measurements (Figure 1).

Figure 1: Pulse sequence for measurements of correlations between
T1 relaxation and diffusion.
The distribution function, f(T1,D) , between diffusion coefficients,
D, and T1, can be determined through a Two Dimensional Inverse
Laplace Transform (2D-ILT) [1] of the measured magnetization at
different inversion times, TI, and different applied gradient
strength, g.
Results: As verified earlier [2], T1 experiments showed two com-
ponents, with values of 700 ms and 2.7 s.
The result from a diffusion experiment using a standard PGSE
pulse sequence shows two components, having diffusion coeffi-
cients of 1.0.10-5 and 2.5.10-5 cm2/s. (Figure 2). With an observation
time of 3.5 ms, this represents a �snapshot� of movement of water
molecules.

Figure 2: Distribution of diffusion coefficients after perfusion with
Krebs buffer.
D-T1 correlation experiments (Figure 3) show two components,
having different T1 values and diffusion coefficients. With an ic
contrast agent present, the relaxation rates change for both compo-
nents, but the diffusivities remain unchanged.
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Figure 3: Correlations between T1 and diffusion for water.
Perfused with Krebs buffer only (top), and after perfusion of 100
µM MnCl2 (bottom).
Conclusion: Using D-T1 correlation measurements, we clearly
identify two main compartments in excised rat myocardium, which
we assign to ic and ec water. The diffusion behavior remains un-
changed when an ic CA is added, verifying a slow exchange of
water between the compartments.
References:
[1] L. Venkataramanan et al. , IEE Trans. Sig. Proc. 50, 1017,
(2002).
[2] W. Nordhøy et al. NMR Biomed. 16, 82, (2003).
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BOLD contrast versus NC100150 contrast enhanced fMRI: 
a dose-response study in the rat forepaw model
N. Van Camp1, R. R. Peeters2, M. Verhoye1, A. Van der
Linden1; 1Bio-Imaging Lab, University of Antwerp, Antwerpen,
BELGIUM, 2Departement Radiology, University Hospital
Gasthuisberg, Leuven, BELGIUM.

Introduction: The neuronal response evoked by a somatosensory
stimulus is quite robust, but the resulting haemodynamic change is
very small and difficult to measure. fMRI BOLD contrast often
only represents a few percentage signal change, therefore in order
to optimize the fMRI detectability blood pool contrast agents are
often used. In this study we demonstrate the impact of the contrast
agent dose and the applied TE.
Material & Methods: Six male wistar rats were anesthetized with
alpha-chloralose (induction: 60mg/kg; maintenance 20mg/kg) and

the tail vain was catheterized for administration of NC100150
(ClariscanTM, Amersham, Norway, 30mg/ml). Body temperature,
breathing rate and expired pCO2 were continuously monitored.
Within one experiment all animals were subsequently injected with
a dose of 10-5-5 and 10ml/kg, resulting in an accumulated dose of
10-15-20 and 30mg/kg NC100150. The forepaw was electrically
stimulated at a frequency of 2Hz and amplitude of 1mA. fMRI�s
were acquired on a 7T (MRRS) MR system with 8cm aperture and
self shielded gradients with a maximum strength of 0.1T/m. For
each contrast dose, starting with no contrast as a reference, the fol-
lowing MRI scans (FOV 30mm, 4 slices: IA6.5-IA10.5) covering
the entire forepaw region of the somatosensory cortex, were
recorded: 1)High resolution GE images 2)T2*-maps, calculated
from GE images with TE of 6, 10, 14, 20, 30, 40, 50ms. 3)GE fMRI
experiment (acquisition matrix: 64x64, TR=240ms) with a default
TE of 14ms, using a period of 12 non-stimulated alternated with 12
stimulated scans repeated three times. 4)A similar GE fMRI exper-
iment but with a TE=T2* as determined in the contralateral so-
matosensory cortex.
Results & Discussion: As expected, administration of the contrast
agent significantly lowered T2* (p<0.01).
The SNR of the fMRI images at TE=14ms, measured in the cere-
bral cortex, dropped significantly (p<0.001) after the first contrast
administration, but remained constant after following injections.
However when the TE approximated T2* SNR dropped slightly at
a dose of 20mg/kg, but overall no significant decrease in SNR was
observed (p=0.4).
The CNR however increased after administration of contrast agent
and remained significant after a dose of 15mg/kg. Additional doses
did not increase CNR more.
NC100150 seems to be a contrast agent which (in cerebral cortex)
increases the CNR without affecting the SNR. However for optimal
fMRI acquisition, the applied TE has to approach T2*. The optimal
dose of NC100150 for fMRI has been determined at 15mg/kg,
causing a significant increase in CNR without affecting SNR.
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Diffusion and relaxation in excised rat myocardium containing
an extracellular contrast agent
J. G. Seland1, M. Bruvold1, H. Anthonsen2, H. Brurok1, 
J. Krane2, P. Jynge1; 1Department of Circulation and Medical
Imaging, Norwegian University of Science and Technology,
Trondheim, NORWAY, 2Department of Chemistry, Norwegian
University of Science and Technology, Trondheim, NORWAY.

Introduction: Extracellular (ec) contrast agents (CA) are frequent-
ly used in studies of tissue perfusion. We use diffusion-T1 correla-
tion experiments to examine the changes in relaxivity and
diffusivity when rat myocardium is infused with Gd-DTPA-BMA.
We also use the Two Site Exchange (2SX) model [1] to determine
the exchange rate of water between the compartments.
Subjects and Methods: Rat hearts were perfused with Krebs
buffer (10 minutes), followed by infusion with Gd-DTPA-BMA (5
minutes). Rat myocardium was excised and placed in a NMR tube.
Measurements were performed on a Bruker Minispec (20 MHz, 37
oC). Relaxation and diffusion measurements were performed using
standard methods. Diffusion-T1 correlation experiments were per-
formed using a combination of Saturation Recovery (SR) and
Pulsed Field Gradient Spin Echo (PGSE) measurements, followed
by a Two Dimenional Inverse Laplace Transformation (2D-ILT) of
the obtained echo attenuations [2].
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Results: D-T1 correlation results (Figure 1) demonstrated two
main compartments, assigned to ic and ec water. When Gd-DTPA-
BMA is added the relaxivity of the ec component change systemat-
ically, until it has a relaxation rate which is lower than the
corresponding ic component.

Figure 1: Correlations between T1 and diffusion for water, after
perfusion with 0.2 mM (top) and 1.0 mM (bottom) Gd-DTPA-
BMA.
The 2SX analysis (Figure 2) showed slow exchange between ic and
ec compartments, with a frequency on the order of 0.1 Hz, in con-
trast to previous studies [3]. Notice the turning point in the curve
for the ec population, caused by the crossover of relaxivity for the
ec and ic compartments when a certain [Gd-DTPA-BMA] is
reached.
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Figure 2: 2SX analysis; ec and ic relaxation rates (top), and ec pop-
ulation (bottom), as a function of [Gd-DTPA].
Conclusions: Using a 2SX analysis combined with D-T1 correla-
tion experiments, and with addition of an ec contrast agent, we
have verified a slow exchange rate between ec and ic water com-
partments in rat myocardium.
References:
[1] C. Labadie et al. J. Magn. Reson. Series B, 105, 99, (1994).
[2] MD. Hurlimann et al., J. Magn. Reson., 157, 31, (2002).
[3] KM. Donahue et al. Magn. Reson. Med., 32, 66, (1994).
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High calcium supplements to manganese releasing contrast
media for cardiac MRI is counterproductive
M. Bruvold1, W. Nordhøy1, H. Anthonsen2, P. Jynge1, 
H. Brurok1; 1Department of Circulation and Medical Imaging,
Norwegian University of Science and Technology, Trondheim,
NORWAY, 2Department of Chemistry, Norwegian University of
Science and Technology, Trondheim, NORWAY.

Introduction and Purpose: Manganese ions (Mn2+) enter car-
diomyocytes via slow membrane channels in competition with cal-
cium (Ca2+) and enhance longitudinal relaxation intracellularly. To
prevent an assumed negative inotropy and acute heart failure (1)
during intravenous infusion or rapid injection new Mn2+ releasing
contrast media have been supplemented with high Ca2+ (2,3). The
study aim was to investigate how this affects cardiac function and
MR efficacy.
Subjects and Methods: Experiments were performed in isolated
guinea pig hearts perfused with Krebs buffer. MnCl2 containing
contrast agents, Manganese and Manganese-Calcium (Ca2+ to Mn2+

10:1), were infused during 4 repeated washin-washout sequences.
[MnCl2] were 10, 50, 100 and 500 µM. Thereafter samples of ven-
tricular myocardium were analysed for content of Mn metal and
ATP and for T1 relaxation properties.

Figure 1. a) ∆LVDP during washin with [MnCl2] 500 µM, and b)
tissue Mn content at end of experiment.
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Results: During washin Manganese reduced left ventricular devel-
oped pressure (LVDP) by 4, 9, 17 and 53 % (significant for highest
concentration). Manganese-Calcium increased LVDP by 13, 18, 25
and 56 % (significant for all concentrations). At end of experiments
tissue Mn contents (nmole/g dry wt) were: Control < 40,
Manganese 3720 and Manganese-Calcium 1620 (differences sig-
nificant). Tissue ATP was maintained at the normal level and T1
was reduced by 85-92 % in both groups of hearts. A two-site water
exchange analysis revealed preferably long life-times for intracel-
lular (9.6 s) and extracellular (5.9 s) water.
Discussion and Conclusion: Manganese and Manganese-Calcium
showed opposite responses as would be expected from physiologi-
cal interactions between Mn2+ and Ca2+ ions. Accordingly, high Ca2+

supplements to Mn2+ releasing contrast agents may be counterpro-
ductive by inducing a strong inotropic overshoot and by reducing
cell Mn2+ uptake and thus MR efficacy.
References: 
[1] Brurok H et al. Acta Physiol Scand 1997; 159: 33-40.
[2] Storey P et al. Invest Radiol 2003; 38: 642-652.
[3] Zuo CS et al. J Magn Reson Imaging 2002; 16: 668-675.
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MR detection of a Gd(III) chelate at low micromolar concen-
tration by measuring T1 of 31P-Phosphate resonance
E. Terreno, E. Bruno, S. Aime; Department of Chemistry
I.F.M., Università di Torino, Torino, ITALY.

Introduction: To be effective on the contrast-to-noise ratio of a
MR image, the concentration of currently used Gd(III)-based
agents have to be as high as 50 µM. This intrinsic insensitivity is
causing more than a problem to the full exploitation of MRI tech-
nique in Cellular and Molecular Imaging applications. The basic
reason why the paramagnetic agents are so inefficient is basically
related to the relatively low value of the molar fraction of water
protons (χwat) bound to the metal center.
Thus, an improved efficacy for a Gd(III) chelate can be expected
by measuring T1-changes of resonances from substrates whose in-
teraction with a Gd(III) chelate gives χsub values markedly higher
than χwat. Among the possible MR-detectable substrates, we tested
the relaxation behaviour of 31P-Phosphate (Pi) in human blood in
the presence of a Gd(III) complex able to form a ternary adduct
with it (Scheme 1).
Methods: 31P-NMR spectra and 31P-T1 measurements were per-
formed at 298K on Bruker Avance300 spectrometer operating at 7
T. GdDO3A complex was kindly provided by Bracco Imaging,
Milan, Italy.
31P-T1 measurements were carried out by using the usual inversion-
recovery pulse sequence (16 data points).
Results: The 31P-NMR spectrum of human blood (Figure 1, spec-
trum a) shows two Pi resonances corresponding to the phosphate in
the intra- and extra-cellular compartments, respectively. When
GdDO3A is added to the blood (5 µM), the two resonances give a
single, broadened resonance (Figure 1, spectrum b). However, the
inversion-recovery T1 measurement of the latter 31P signal shows a
bi-exponential behaviour whose deconvolution allows the recovery
of the T1 values for the Pi resonances in the two compartments.
This finding indicates that RBC membrane is not permeable to
GdDO3A and, moreover, that Pi exchange between the two com-
partments is slow on the NMR time scale.
Discussion/Conclusion: Whereas 31P-T1 for intracellular Pi is in-
sensitive to the addition of the paramagnetic agent over the range
of investigated concentration (0-20 µM), the value for the extracel-

lular Pi decreases from 4.2 s in the intact blood to 0.53 s at 5 µM of
GdDO3A. Thus, the low concentration limit of this Gd(III)-based
agent when measured through its effect on the relaxation time of
31Pi resonance appears to be at least one order of magnitude smaller
than the current limit found in MRI via the enhancement of water
proton relaxation rate.

Scheme 1

Figure 1
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Relaxation efficiency of cell internalized Gd-HPDO3A
S. Geninatti Crich1, L. Biancone2, S. Belfiore1, C. Cabella3, 
G. Esposito1, A. Manazza4, E. Terreno1, S. Aime1; 1Chemistry
I.F.M., Università di Torino, Torino, ITALY, 2Internal Medicine,
Università di Torino, Torino, ITALY, 3Bioindustry Park, Bracco
Imaging, Collereto Giacosa, Torino, ITALY, 4Oncology, Università
di Torino, Torino, ITALY.

Introduction: Owing to its superb spatial resolution (< 100 µm),
MRI is the technique of choice for cellular tracking. To be visu-
alised, the cells have to be labelled with a suitable probe prior their
transplantation. The minimum amount of Imaging Probe to be in-
ternalised for allowing cell visualisation is dependent upon its abil-
ity to affect the T1 of water protons, which, in principle, may be
influenced by its intracellular compartmentalisation. The aim of
this study is to compare the relaxing efficiency of a Gd(III)-based
agent internalised into a given cell line by pinocytosis (localisation
into endosomes) or by electroporation (localisation into cytosol).
Methods: The internalisation of Gd-HPDO3A (ProHance®,
Bracco Imaging) into a rat hepatocarcinoma cell line (HTC) was
carried out by pinocytosis (the cells were incubated for 16-24 hours
in culture media containing the Gd-complex) or by electroporation
(an electric pulse is applied to a cell suspension containing the Gd-
complex in order to induce the membrane permeation). T1 of water
protons were measured on the resulting cellular pellets at 0.5 T and
25°C on a Stelar Spinmaster spectrometer. MR-images were ac-
quired on a Bruker Avance300 spectrometer (7 T) equipped with a
Micro 2.5 microimaging probe.
Results: The localization of the imaging probe was assessed by ac-
quiring Confocal Microscopic images of HTC cells labelled with
the fluorescent Eu-HPDO3A analog. Interestingly, the relaxation
efficiency of Gd-HPDO3A internalised by pinocytosis shows a
drastic decrease upon increasing the amount of complex entrapped
into endosomes (Figure 1). A significantly higher efficiency was
observed for Gd-HPDO3A entrapped by the electroporation route.
The time dependence of longitudinal magnetization has been ana-
lyzed according to a theoretical model,[1] allowing the assessment
of the residence lifetime of water protons in the various compart-
ments (endosomes, cytosol, extracellular).
Conclusions: The obtained results show that the relaxing efficacy
of an imaging probe internalised into cells is dependent on the pe-
culiar internalisation route. When the probe is confined into endo-
some vesicles, its efficiency can be markedly quenched by the slow
exchange of water protons between endosome and cytosol com-
partments. Conversely, upon entrapment in the cytosolic compart-
ment via the electroporation route, the presence of only one
membrane to be crossed makes the internalized agent more effi-
cient for visualising cells by MRI.
References:
[1] Landis CS, Li X, Telang FW, Molina PE, Palyka I, Vetek G,
Springer Jr. CS. [1999] Magn. Res. Med. 42:467-478. 
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Multi-loop coil for intravascular MRI 
A. Benattayallah1, J. T. Heverhagen2, M. Volker3, H. Alfke1, 
K. J. Klose1, H. J. Wagner1; 1Diagnostic Radiology, University
Hospital, Marburg, GERMANY, 2Radiology, The Ohio state
University, Columbus, OH, 3Medical Solutions, Siemens,
Erlangen, GERMANY.

Introduction: Intravascular single-loop coils could be used for
high resolution vessel wall imaging1,2,3. However, they suffer from a
poor field homogeneity which could be improved by innovative
coil designs. Such inhomogeneity is caused by non-radially sym-
metric magnetic field distributions around the coil. In this study, a
catheter-based multi-loop coils were built to improve the homo-
geneity. The coil architecture is numerically approximated by a
fixed number of discrete current elements. Using a computer simu-
lation (MathimaticaTM), the position of the elements is optimized to
generate maximum radial symmetry of the magnetic field. In-vitro
experiments confirm the theoretical suppositions and calculations
of the magnetic field distribution.
Methods: Four balloon-mounted coils: single-loop (SL), double-
loop (DL), triple-loop (TL) and quadruple-loop (QL) were built.
The wires architecture has been achieved by varying the conduc-
tors position to search for an optimised coil performance. For each
coil, the calculated wires architecture was mounted on a commer-
cial 5 French (1.7mm) angioplasty catheter (inflated balloon diam-
eter 5mm, length 40mm). A second concentric balloon was build on
the top of the inner balloon to reduce the motion-arifacts. The im-
aging double-balloon catheters, which can be inserted through a 10
French (3.3mm) sheath, were constructed in our laboratory.
To assess signal homogeneity and penetration depth, all catheters
initially were scanned in a cylindrical phantom containing 1.25 g/l
CuSO4 solution. All investigations were carried out in a 1T
Siemens scanner. The phantom images were generated using a
FLASH sequence with 256*256 matrix, 4mm TS, 600 FA and
11/641ms TE/TR.
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Results: Using an optimised conductor position for all coils (Fig-1,
top-row), the calculation of the magnetic field distribution result in
in-homogeneity less then 10% for QL which is about 40% better
than SL coil. Fig-1 (middle-row) shows the magnetic-field distribu-
tion for each coil, the higher the number of loops the better the field
homogeneities. The measured SNR in MRI images of the phantom
confirm these results as shown in Fig-1 (bottom-row).
Discussion: We demonstrate that multi-loop coil can be used to im-
prove the radial homogeneity of the MR-signal for a high resolu-
tion intravascular wall imaging. The signal variation is reduced as
the number of loops increased. Obtained simulations are in good
agreement with experimental results. Quadruple-loop coil permits
the imaging of longer vessel segments and optimised radial signal
homogeneity with less signal reduction.
References:
[1] Quick et al, Magn.Reson.Med, 41(4): 751-758 (1999).
[2] Matschl et al, VASA 30: 9-13 (2001).
[3] Zimmermann et al, Circulation, 99: 1054-1061 (1999).
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A four channel transmit receive microstrip array for 7.05 T
T. Wichmann, M. Griswold, R. Kharrazian, A. Webb, 
P. Jakob; Department of Physics, EP5(Biophysics), University of
Würzburg, Würzburg, GERMANY.

Introduction: An increased SNR or imaging efficiency over large
volumes has been achieved by the development of phased ar-
rays[1]. These arrays have been limited to lower field strength be-
cause of more complicated decoupling and the lack of body
resonators for homogeneous transmit pulses at higher fields. The
recently introduced transmit/receive microstrip array[2,3,4] has
demonstrated the possibility of overcoming these limitations. This
abstract shows our application of the basic microstrip concept for
7.05T(300MHz). It is shown that there is no substantial coupling
between the individual coils, although there is no physical overlap
of the coils or additional preamplifier decoupling used.
Methods: The four channel array was built for a proton frequency
of 300MHz. The maximum useable inner diameter of the array is
85mm. Each of the single coils is arranged at 0,90,180 and 270 de-
gree positions around the center and has a size of
90mmx75mm(Fig.1,2). The microstrip-coils have a 3mm thick

PTFE plate as the dielectric medium between the groundplane and
the conductor loop and an additional shielding loop (all made of
adhesive-baked copper tape). Decoupling of neighboring coils was
achieved with an additional capacitance. A shield trap was added to
each coil to prevent cable coupling. The whole array was surround-
ed by a 80µm thick copper foil. In order to achieve a homogeneous
transmit profile, a phase shifter was placed in front of each coil for
the correct phasing, and the array was connected to a four way
power splitter. The imaging experiments were performed on a sin-
gle channel 7.05T Bruker Biospec.
Results and Discussion: All four coils could be tuned and matched
unloaded and with saturated NaCl-solution. No resonance peak
split was observed. The average transmission between neighboring
and opposing coils was measured to 29.6 and 18.6dB respectively
(Fig. 3). The Q0/QL ratio was 253/88 with a 85mm diameter 6g/l
NaCl-solution phantom. Imaging experiments confirmed the good
isolation and showed a relatively homogeneous transmit profile
(Fig.4,5).
Conclusion: We have shown that for 300MHz the microstrip coil
design is an interesting alternative to traditional loop arrays. The
advantages of the array are the large usable diameter due to the rel-
atively small thickness of the coils and simple decoupling of the
four channels without overlap or active decoupling circuitry.
References:
[1] Roemer,P.B.,etal.,MRM 16,192-255(1990)
[2] Zhang,X.,etal.,MRM 46,443-450(2001).
[3] Adriany,G.,etal.,ISMRM 11,#474(2003)
[4] Wichmann,T.,etal.,ISMRM 12,#1578(2004)
Acknowledgements: Funded by the Deutsche
Forschungsgemeinschaft(Ha 1232/13-3) and the Alexander v.
Humboldt Foundation(Wolfgang Paul Award).
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Efficient Eigenmode-Calculation of electromagnetic structures
by extrapolating a port model form only a few frequencies
C. Findeklee; Technical Systems, Philips Research, Hamburg,
GERMANY.

Introduction: MRI coils are only used in a narrow frequency range
and simulated in the frequency domain e.g. by the Method of
Moments (MoM). For a sufficient simulation, a broadband analysis
is important. Methods like [1] still require a full calculation at sev-
eral frequencies for every set of resonance capacitors.
The proposed method only uses the port matrices at a few (e.g. two)
frequencies to set up an eigenvalue-problem, which gives the
modes of the structure.
Methods: A MRI coil can be described as a linear network, whose
ports are assumed to be in parallel to its resonance capacitors. The
Admittance-Matrix Y describes currents into these ports as a linear
combination of the voltages at a fixed frequency:
I=YU
This matrix calculated at the larmor-frequency is useful e.g. for
finding resonance capacitors [2]. It can also be calculated at two or
more frequencies to set up of a truncated Laurent-Series in the
complex frequency s=σ+jω:
Y=s-mY-m+...+snYn

The Y1 contains the resonance capacitors as an additive diagonal
part.
With the resonance condition I=0, which means, that there are no
additional current sources at the ports, the linear differential equa-
tion
sY1-mU+...+sm+nYnU=-Y-mU
is derived. The solutions contain the eigenmodes of the structure.
It can be shown that every eigenmode exists in combination with
its complex-conjugate counterpart, if the Laurent-coefficients are
hermitian. As the port-Matrix of a reciprocal Network is symmetri-
cal, it makes sense to choose the coefficients real and symmetric.
Results: A simple multi-resonant structure (see Fig.1) was taken as
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an example. It consists of eight rods, each connected to an ideal
conducting plane and containing a resonance capacitor of 5pF in
the middle. A MoM-model (CONCEPT, [3]) shows that the stray-
capacitance at the ports is already in the range of 10% of these res-
onance capacitors.
The truncated Laurent-Series Y=s-1L-1+G+sC (m=n=1) was evaluat-
ed by CONCEPT-calculations at 250 and 350 MHz using
L-1=ωaωb(ω2imag(Ya)- ω1imag(Yb))/( ωa

2-ωb
2),

G=real(Ya+Yb)/2,
C= (ωaimag(Ya)- ωbimag(Yb))/( ωa

2-ωb
2).

The eight calculated resonance frequencies deviate less than
0.003% compared with an iterative frequency-search. For example,
the third resonance gives 328.2447MHz with a quality-factor of
1534. The frequency-search yields 328.2512MHz at a quality-fac-
tor of 1626.
Conclusion: It was shown, that the port analysis at two frequencies
is sufficient to calculate the eigenmodes of a multi-resonant MRI
RF coil.
References:
[1] F. Schlagenhaufer et al., IEEE EMC 2001 pp. 864-869
[2] G. McKinnon, Z. Wang, ISMRM 2003, S. 2381
[3] CONCEPT II, TUHH, http://www.tet.tu-harburg.de/en_EN/
en_concept.php
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A novel Transverse Field RF Surface Coil for clinical 1.5 T
MRI and MRS applications
M. Alfonsetti1, V. Clementi2, S. Iotti2, G. Placidi3, R. Lodi2, 
B. Barbiroli2, A. Sotgiu1, M. Alecci1; 1INFM and Scienze e
Tecnologie Biomediche, Università degli Studi di L'Aquila,
L'Aquila, ITALY, 2Medicina Clinica e Biotecnologia Applicata,
Università degli Studi di Bologna, Bologna, ITALY, 3INFM and
Centro di Risonanza Magnetica, Università degli Studi di
L'Aquila, L'Aquila, ITALY.

Introduction: The B1 distribution of RF surface coils represents a
crucial feature for optimising MRI and MRS studies. Some clinical
MRS applications [1] require a surface RF coil positioned at about
α=45° with respect to B0, and the standard circular (rectangular)
loop surface coil, producing an axial RF field, shows a large signal
loss in the central ROI. Transverse field surface coils, comprising
linear elements centrally positioned, were reported [2-3]. We present
a novel transverse RF field surface coil design which eliminates sig-
nal loss due to the spatial orientation of the coil within the scanner.
Methods and Results: Figure 1 shows the RF circular loop (CL)
and a two-elements figure-of-eight (FO8) coil prototypes used in
this study. Images of a phantom, acquired with the coil plane ori-
ented at α=0°,45°, and 90°, are shown in Fig.2. With the CL coil, as
α increases, the signal in the central ROI (5cm*5cm) decreases
from the maximum value to zero, while the images obtained in the
same ROI with the FO8 coil, show that the signal is practically
maintained (better then 80%). Figure 3 shows images of a human
calf acquired with the two coils at α=0° and 45°. The FO8 coil
makes it possible to maintain the signal amplitude, although a small
variation of the RF distribution is observed. To optimise the
size/shape of the central ROI, a Biot-Savart RF field simulation of

multi-elements FO8 coils was implemented by varying the coil di-
ameter, the number and relative position of the linear elements.
Figure 4 shows that as the number of element increases (2,4,6), the
RF field spatial extend and homogeneity in the central ROI increas-
es for each α.
Conclusions: Optimised transverse field RF figure-of-eight sur-
face coils can be oriented at any angle, with respect to B0, without
significant signal loss in the central ROI. Experimental evidence
with 1.5T images of phantoms and human calf muscles was report-
ed. Simulation of multi-elements FO8 coils shows that the RF field
spatial extend and homogeneity is optimised by an appropriate se-
lection of the geometry. This FO8 RF coil design should be also
useful for parallel imaging techniques [4-5], that require versatile
RF coils disposed along arbitrary directions.
References:
[1] Zaniol P. etal. [1992], Physica Medica 8:87-91.
[2] Boskamp E, [1989], USP 4,816,765.
[3] Alfonsetti M. etal. [2003] Proc. ESMRMB Meeting.
[4] Sodickson D.K. etal. [1997] Magn.Reson.Med. 38:591-603.
[5] Pruessmann K.P. etal. [1999], Magn.Reson.Med. 42:952-962.
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A four channel transmit receive microstrip array for 17.6T
D. Gareis1, T. Wichmann1, M. Griswold1, T. Neuberger1, 
S. Wright2, C. Faber1, A. Webb1, P. Jakob1; 1Department of
Physics, University of Wuerzburg, Experimental Physics 5,
Wuerzburg, GERMANY, 2Department of Electrical Engineering,
Texas A&M University, College Station, TX, UNITED STATES.

Introduction: Phased arrays have essentially revolutionized clini-
cal MRI over the last decade. These arrays provide an increased
SNR over large volumes. Nonetheless you can hardly find them at
high field applications like in our case.
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Methods: The four channel microstrip coil array was designed for
a proton frequency of 750 MHz (corresponding to 17.62 Tesla).
Each of the four coils was 30 mm x 44 mm in size and they were
oriented in 0, 90, 180, 270 degree position around an inner diame-
ter of 43 mm. The microstrip coils had a 0.7 mm thick PTFE plane
as the dielectric medium between the strip conductor loop and the
ground plane (fig.1).

In order to keep the custom made probehead as simple as possible,
no tuning rods extended to the outside of the magnet. The coils
could only be tuned while outside the magnet. This was found to be
acceptable for all imaging experiments performed to date, since no
significant frequency changes were observed upon insertion into
the magnet. In order to achieve a homogeneous transmit profile,
each coil was fed with a cable of a specific length after a power
splitter for the correct phasing of the transmit signals.
Surface current as well as the B1-field of the array were simulated
(fig.2)

The four coils together generate a relatively homogeneous B1-field
in the centre of the array.
Results and Discussion: All four coils could be impedance
matched unloaded and also with saturated NaCl-solution. No split-
ting in the resonance peaks was observed with the coils in their
final positions. The average decoupling of neighboring coils with a
250 mM NaCl load was -20.4 dB while for two opposing coils it
was -30.2 dB. The Q0/QL-ratio was approximately 220/130.
Imaging experiments confirmed the good isolation of the coils as
well as the relatively homogeneous transmit profile (fig.3).
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Retrospectively calculated parallel imaging reconstructions from
the four channel array using the GRAPPA reconstruction algorithm
could be achieved (fig.4).

Conclusion: The four element transmit/receive microstrip array
appears to be a promising coil arrangement for high field mi-
croscopy experiments. The primary benefit is the lack of a need for
a homogeneous transmit coil. This is especially critical in small-
bore microscopy experiments where the limited space is the con-
straining factor for all coils. The microstrip array is especially
promising in this regard since it is relatively thin and can therefore
be used on large samples.

389
Shielded Endcap Bandpass Resonator for Ultra High Field
Imaging at 7 Tesla
C. Leussler1, C. Findeklee1, P. Röschmann1, Z. Zhai2, 
M. Morich2, G. Demeester2; 1Technical Systems, Philips Research
Laboratories, Hamburg, GERMANY, 2MR, Philips Medical
Systems, Cleveland, OH.

Introduction: At ultra high field TEM resonators [1] are typically
applied instead of a birdcage coils. A disadvantage of the TEM de-
sign is the poor separation between the r = 1 mode and the neigh-
boured r = 0;2 modes due to weak inductive coupling between the
rods in the shielded environment. Birdcage coils [2] with RF cur-
rent return path in the ring sections also exhibit a substantially uni-
form magnetic field distribution in the interior at frequencies up to
128 MHz. We have combined the TEM and birdcage design by in-
troducing a front ring with capacitive splits to connect all rods at
the open side of the coil. This shielded bandpass resonator concept
was simulated [3] for N = 12 rods. A prototype has been built and
evaluated.
Methods: In birdcage coils, the coupling between the rods is in-
creased by the ring sections, which allows to reduce the required
rod number to N = 12. After simple model calculations [3,4], simu-
lations of the resonator were performed in two steps. First, a model

for the MoM [5] was created to check the principle functions like
resonance frequency, B1-profile, sensitivity SI and quality-factor
Q. As a second step, an FDTD-model [6] was created for detailed
studies of the local SAR and B1 distribution inside the human head
and shoulders. With optimised parameters from these simulations,
a coil was built and evaluated (Fig.1).
Results: The lowest mode shows the resonance of the front ring at
248 MHz, the homogeneous B1-field (2π) mode used for imaging
lies at 297 MHz, the second (4π) birdcage mode at 365 MHz. When
the coil is loaded with a head, the strong mode separation of ≥ 50
MHz avoids an overlap of residual coupled fields and the occur-
rence of losses interfering at the homogeneous B1 mode. We meas-
ured an unloaded Q of 350 and a loaded Q of 50, when the coil is
fully loaded with a head. A positive shift of the resonance frequen-
cy shift of about 2.5 - 3 MHz is observed for the head- loaded res-
onator, which indicates negligible loss contributions from RF
electric fields.
References:
[1] Röschmann P. US Pat 4,746, 866; 1988
[2] Hayes CE J. Mag. Reson. 1985; 63: 622-628
[3] Röschmann P. SMR/ESMRMB, Nice, France, Book of ab-
stracts, 1000, 1995.
[4] Chingas, G.C., Zhang, N., Forth ISMRM, New York, Book of
abstracts, 1426, 1996
[5] CONCEPT II, TUHH, http://www.tet.tu-harburg.de/en_EN/
en_concept.php[6] Remcom Inc., http://www.remcom.com
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Characterisation of a novel short dead time RF system for
pulsed MRI
C. A. Curto1,2, G. Placidi3, A. Sotgiu1, M. Alecci1; 1Dip. Scienze
e Tecnologie Biomediche, INFM and Università degli Studi di
L'Aquila, L'Aquila, ITALY, 2Seione di Napoli, INFN, Naples,
ITALY, 3Centro di Risonanza Magnetica, INFM and Università
degli Studi di L'Aquila, L'Aquila, ITALY.

Introduction: CW and pulsed MR techniques are used to image
solids, solvent diffusion in solids [1], and in EPR imaging [2]. Here
both the nuclear and electronic spins have very-short relaxation
times ≤100 µs and ≤10 µs, respectively. RF systems capable of de-
tecting such spins must have virtually a �zero� dead time, and the
achievement of this condition depends on the isolation TX-RX [3].
We recently described a high-isolation RF system comprising three
RF surface coils (one TX, two RX) positioned in perpendicular
geometry [4-5]. In this work we describe a more versatile RF sys-
tem comprising three RF surface coils in parallel geometry
Methods and Results: The RF system comprises three circular
loop RF coils: the central coil is used as TX and the others as RX
(Figure 1). Because of the mutual coupling and the geometrical
symmetry, two resonances f1 and f2>f1 were observed. They are
associated with two RF field spatial distributions (Figure 2): f1
gives a reasonable homogeneity in the central ROI and is suitable
for volume studies; f2 is spatially selective and is suitable for sur-
face studies. The attenuation/phase-shift values of the RXR chan-
nel can be adjusted to achieve high isolation TX-RX (S21) at the
Larmor frequency set to f1 or f2.
S21 was measured: a) in CW mode: with single channel RX, S21
values at f1 and f2 were about -10 dB; with the double-channel,
they decreased to about -75 dB (Figures 3,4); b) in pulsed mode:
S21 values at f1 and f2 were about -60 dB, and the amplitude of the
induced ringing voltage in the RX section decreased from about
400 mV (single RX) to about 10 mV (double-channel) following a
5 µs pulse.
Conclusions: The RX system we have presented allows to obtain
very high isolation at the Larmor frequency. With the parallel
geometry, it has two different RF field spatial distributions suitable
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for volume and surface applications, respectively. It presents poten-
tial applications in solid state NMR and free radical EPR: because
of the observed RF field spatial distributions, it should be suitable
both for spectroscopy and imaging applications.
References:
[1] Fagan AJ, et al (2003) J. Magn. Reson. 163, 318
[2] Subramanian S, et al (2002) Magn Reson Med 48, 370
[3] Alecci M, et al (1998) J. Magn. Res. 130, 272
[4] Curto CA, et al (2003) Italian Patent TO2003A000465
[5] Curto CA, et al (2003) Proc ESMRMB, 223
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A simple electromagnetic slab model for simulation of high
field radio frequency distributions 
M. Alecci; INFM and Scienze e Tecnologie Biomediche,
Università dell'Aquila, L'Aquila, ITALY.

In recent years, the design and development of high-efficiency
head gradient coils and ultra-fast pulse sequences has allowed an
impressive number of MRI studies in human brain research. The
need for higher sensitivity has pushed current MRI research to-
wards the development of high field (3 to 8 Tesla) MRI systems.
We report a theoretical study of the RF B1 distribution in a �slab�
model of ticknes and dielectric properties (permittivity and conduc-
tivity) similar to the human head in a frequency range between 64
and 340 MHz.
The effect of radiofrequency (RF) magnetic field B1 inhomogene-
ity has long been recognised as a potential source of image artefacts
in high field systems. In fact, for frequencies higher than 64 MHz
the RF eddy currents induced in the human head cannot be neglect-
ed. Moreover, because the effective wavelength of the RF field is
comparable to or smaller than the dimension of the human head,
there is a significant variation of the B1 phase along the sample.
This produces B1 standing wave effects and consequently the RF
field homogeneity can be strongly degraded [1]. As a further con-
sideration, at high magnetic field the distribution of the power dep-
osition caused by the RF irradiating field must be carefully
considered for safety reasons, and strict limits on the SAR have
been established [2]. Because of the complex anatomical structure
of the human head, it is impossible to evaluate analytically the RF
B1 spatial distribution. In the past few years, for RF coils operating
between 64 MHz and 340 MHz, numerical electromagnetic (EM)
computational techniques have been developed to evaluate the B1
and the SAR in phantoms and in the human head [2]. However,
these EM techniques require sophisticated software and strong
computational requirements. We have developed a simple anality-
cal EM model that allows to calculate the RF B1 field distribution
in a slab model of about 16 cm ticknes (medium head size) filled
with oil, deionized water, or saline. The results show a large varia-
tion the RF B1 field distributions with frequency, phantom size and
composition. The implications of these calculations for the design
of high field RF coils (birdcage and TEM resoantors) are analysed
and discussed.

References:
[1] M. Alecci, C. M. Collins, M. B. Smith, and P. Jezzard, Magn.
Reson. Med., 46 (2001) 379-385.
[2] C.M. Collins, S.B. Smith, Magn Reson Med. 2001 Apr;45:684-
91.
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Dependence of the frequency response of 3T TEM resonators
from the geometrical parameters 
A. Vitacolonna1, G. Placidi2, A. Sotgiu1, P. Jezzard3, M. Alecci1; 
1INFM and Dip. Scienze e Tecnologie Biomediche, Università di
L'Aquila, L'Aquila, ITALY, 2INFM and Centro RM, Università di
L'Aquila, L'Aquila, ITALY, 3FMRIB Centre, University of Oxford,
Oxford, UNITED KINGDOM.

Introduction: The TEM resonator [1-2] has been proposed for its
better RF characteristics with respect to the birdcage coil for high
field (>=3T) MRI. The theory of Multiconductor Transmission
Lines (MTL) [3] has been adapted to model the frequency response
of the (N/2)+1 modes of TEM resonators made of N coupled coax-
ials [4]. We have presented [5-6] theoretical and experimental MTL
results for a 3T head-sized TEM prototype composing 24 elements.
In this work we studied the dependence of the frequency response
of TEM resonators from the TEM geometrical parameters.
Methods and Results: The frequency response of TEM resonators
depends on the DFT of the inductance per-unit-length matrix (cir-
culant matrix) [3], with elements given by: Lii=(µ/(2π))ln((R2-
D2)/(R*r)) and
Lij=Lji=(µ/(2π))ln((D/R)((D4+R4-2R2D2cos(θij))/(2D4-2D4cos(θij))),
where R and r are respectively the resonator and the coaxial ele-
ments radii, D is the distance of the coaxial elements from the res-
onator centre, θij is the angular distance between the elements i and
j. In our modified MTL model the load impedance of each line is
calculated as Zc=jωLp+1/(jω(Cl+Cp)+Gl), where l is the rod tun-
ing length, C and G the capacitance and conductance per-unit-
length, Cp the parasitic capacitance between the tube and the RF
shield, and Lp the parasitic inductance of the shunt rod positioned
between the tube and the RF shield.
The frequency response was calculated by setting the TEM radius
to R=18.5cm or R=37cm and l=8cm. For the larger TEM radius
(Fig.1A) as compared to the small radius (Fig.1B), the low order
modes (k<=4) were more sensitive to the shift towards the low fre-
quency range. In fact, at low k index the DFT of [Lij] increases
(Fig.2). This corresponds to an increase of the characteristic imped-
ance of TEM resonators.
Tuning of the useful mode (k=1) of the TEM resonator (R=37cm)
at 127.3MHz requires a shorter length l=3.68cm (Fig.1C). This cor-
responds to an increase of the absolute value of the load imped-
ance, giving rise to a shifting and broadening of the whole
frequency spectrum.
Conclusions: We have studied the dependence of the frequency re-
sponse of TEM resonators from the radius and the rods tuning
length. These results should be useful to design head-sized and
whole body 3T TEM resonators.
References:
[1] Roeschman P, [1988], USP4,746,866.
[2] Vaughan JT, etal, [1994] MRM 32:206.
[3] Clayton, Wiley, 1993.
[4] Baertlein BA, etal, [2000] IEEE TBE 47:535.
[5] Vitacolonna etal [2004] ISMRM Proc. pg. 1535.
[6] Alecci M, etal, [2001] MRM 46:379-385.



RF-Systems

393
Simulations using SENSE to improve performance of
pediatric versus standard coil arrays
A. Nordell, D. Belkic, B. Nordell; Medical Radiation Physics,
Karolinska Institute, Stockholm, SWEDEN.

Introduction: For parallel MR-imaging [1], Signal-to-Noise-
Ratio(SNR) is highly dependent on coil layout. Coil-size, geometry
and mutual positions, greatly affect final image quality. This is es-
pecially evident for reconstruction methods such as Sensitivity
Encoding (SENSE) [2]. A commonly-used indicator for coil layout
performance is the geometry-factor (g-factor) [2]. The g-factor can
be reduced by separating coils in the array [3]. However, if the coil-
array is circular, this separation will also require smaller coil geom-
etry or larger coil-array diameter, which will affect SNR. This work
compares SNR and g-factor for two circular coil-arrays, with dif-
ferent diameters. The larger coil-array simulates standard-size
head-coils and the smaller one concerns an array specialized for pe-
diatric imaging. Our results show that pediatric-size coils yield im-
proved SNR. We also demonstrate that coil-gaps improve g-factor
relative to overlapped coils, but decrease local SNR.
Methods: Sensitivity maps from circular surface-coils were nu-
merically simulated using Biot-Savart�s law. Coil-array SNR at full
FOV was estimated from Eq.4 of Ref.[3]. SNR for reduced FOV
was calculated from Eq.(24) of Ref.[2] as
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where g denotes g-factor from Eq.(5) of Ref.[3]. Simulations were
done on circular coil-arrays at two coil-diameters (23, 15.5cm).
The phantom was a homogeneous cylinder (diameter = 15cm,
thickness = 30cm), positioned at the center of the coil-array.
Sensitivity maps for individual coils were calculated at different
coil radii: 5 and 7cm for standard, 3 and 5cm for the pediatric coil-
array. Each coil-array had six elements evenly distributed around
the object. Simulations were performed with equidistant gaps be-
tween coils at ± 2cm, where negative distance indicates overlap-
ping coils (Fig.1).
Results: Figure 2 shows SNR and g-factor results for standard and
pediatric coil-arrays. Throughout the simulations, SNR was better
in the pediatric than in the standard coil. The pediatric coil-array
also showed superior g-factor maps compared to the standard, es-
pecially when coils were separated by gaps. However, with simu-
lated reduction factor R=2, overlapping coils exhibited higher local
SNR, despite worsened g-factor. This is mainly because the larger
coils generate superior SNR at full FOV. Figure 3 shows the SNR
as function of the position along the horizontal middle line of SNR
maps from figure 2.
Conclusion: The SNR benefit of a specially-designed pediatric
coil-array is shown. Increasing gaps between coils improves g-fac-
tor, but decrease local SNR in central parts of the object, and this
necessitates further investigation.
References:
[1] Roemer, MRM 1990; 192-225.
[2] Preussmann et al., MRM 1999; 42:952-962.
[3] Zwart et al., MRM 2002; 47:1218-1227.
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Effects of dielectric properties on signal inhomogeneities in
magnitude and phase images
M. Sekino, S. Ueno; Department of Biomedical Engineering,
Graduate School of Medicine, University of Tokyo, Tokyo, JAPAN.

Introduction: Signal inhomogeneities arise in magnitude and
phase images of objects whose dimensions are comparable to the
RF wavelength [1,2]. In this study, an analytical solution of RF
magnetic field was obtained for a cylindrical object exposed to a
circularly polarized RF magnetic field. The dependence of the sig-
nal inhomogeneity on dielectric properties of the object was esti-
mated from the solution and compared with experimental results.
Methods: RF magnetic field in a cylindrical object was calculated
based on the Maxwell equations. An analytical solution for arbi-
trary frequency, permittivity, and conductivity was obtained. Signal
inhomogeneities of magnitude and phase images were estimated
from the solution for a static magnetic field of 4.7 T and several dif-
ferent permittivity and conductivity. Cylindrical phantoms with a
diameter of 110 mm were filled with distilled water or CuSO4 solu-
tion. Magnitude and phase images of the phantoms were obtained
using a 4.7 T MRI system.
Results: Figure (a) shows the magnitude image of a phantom filled
with distilled water. A strong signal was observed at the center of
the phantom. Figures (b)(c) show the estimated signal inhomo-
geneities in magnitude and phase images for a phantom with a rel-
ative complex permittivity of 77.6 + 0.7i (the value of water) and
conductivities of 0, 0.2, and 0.4 S/m. The signal inhomogeneity in
magnitude images decreased with an increase of conductivity. The
signal inhomogeneity in phase images also decreased with an in-
crease of conductivity.
References:
[1] Röschmann P. Radiofrequency penetration and absorption in
the human body: limitations to high-field whole-body nuclear mag-
netic resonance imaging. Med Phys 1987;14:922-931.
[2] Tropp J. Image brightening in samples of high dielectric con-
stant. J Magn Reson 2004;167:12-24.
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Design considerations for Transmit SENSE coils
U. Katscher1, J. Roehrs2; 1Philips Research Laboratories, Sector
Technical Systems, Hamburg, GERMANY, 2University of Applied
Sciences, Biomedical Engineering, Hamburg, GERMANY.

Introduction: The ideas of parallel imaging can be translated to
the transmit case by using multiple, spatially independent transmit
coils and independent waveforms applied to the individual coils
[1]. In standard receive SENSE, the shortening of acquisition time
leads to the well-known noise amplification in the resulting images
[2]. This noise amplification depends on the geometry of the used
coil array and on the resulting ill-conditioning of the sensitivity
matrix. It has recently been shown [3], that noise amplification due
to matrix ill-conditioning is negligible for Transmit SENSE, and
thus, is not a criterion for coil array design. Instead, the current
study investigates the RF-power requirements as a possible criteri-
on for Transmit SENSE coil array design, which may become rele-
vant for SAR-related questions.
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Theory: The basic equation of Transmit SENSE is
(1) Bdes(x) = Σr Sr(x)Br(x), with Bdes(x) the spatial excitation pat-
tern, Sr(x) the sensitivities and Br(x) the excitation patterns of the
individual coils. From (1), the individual RF-waveforms br(t) ex-
citing the individual patterns Br(x) are deduced. These br(t) belong
to a reduced k-space trajectory and pulse duration leading to sub-
sampling artifacts in the Br(x), cancelled by the superposition (1).
The RF-power P required for Transmit SENSE is estimated by 
(2) P ~ Σr ∫br²(t)dt, neglecting interactions between the coil array
elements, but reflecting variations of the sensitivities Sr(x), possi-
bly leading to an ill-conditioned matrix inversion solving (1). Thus,
P might serve for benchmarking different coil arrays.
Methods and Results: A circle on a 32x32 matrix was defined as
Bdes(x) excited by a 2D RF-pulse. Furthermore, two coils and a
twofold reduction were assumed in the simulations. Dipolar shaped
coil sensitivities were assumed. The required RF-power was calcu-
lated according to (1, 2) for different angular coil positions. First,
the angle between the coils was fixed to 180°, and both coils rotat-
ed around the FOX (field of excitation). Second, one coil was
fixed, and only the other coil rotated around the FOX, reducing the
angle between the coils. A Cartesian and a spiral k-space trajectory
were used (see figure).
Discussion and Conclusion: The study exhibits only a moderate
dependence of the required RF-power on the coil array geometry.
Thus, RF-power is not a critical factor for designing Transmit
SENSE coil arrays.
References:
[1] Katscher et al., MRM 2003;49:144
[2] Pruessmann et al., MRM 1999;42:952
[3] Katscher et al., Proc. ISMRM 11 (2003) 20
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Ex vivo artifact-free MRI in the presence of metallic
orthopedic hardware in a pig knee
P. Ramos-Cabrer1, J. P. M. van Duynhoven2, K. Nicolay3;
1Experimental in vivo NMR, Image Sciences Institute, UMC,
Utrecht, NETHERLANDS, 2Advanced Measurement and Imaging,
Unilever Research Vlaardingen, Vlaardingen, NETHERLANDS,
3Department of Biomedical Engineering, Eindhoven University of
Technology, Eindhoven, NETHERLANDS.

Introduction: MRI of individuals with metal implants is challeng-
ing, especially when the area of interest is close to the orthopedic
pieces. Recently, it was shown that (in vitro) artifact-free imaging
of hip prostheses is feasible using SPI techniques.[1] However, per-
formance of similar studies in vivo might not be as satisfactory, be-
cause the ultra-short encoding times required in this technique
could cause a lack of contrast in the images. To assess this potential
setback, we have extended these studies to an ex vivo situation, im-
aging a pig's knee containing several metal pieces.
Method: Pig�s knee came from a dead animal used in other ap-
proved studies. Orthopedic hardware used is common in traumatol-
ogy, and available in most hospitals. Images were obtained using
SPRITE [2] and SE methods in a 4.7T magnet using a birdcage coil
(8.9cm i.d.). Experimental parameters were: FOV=9.6x9.6x12 cm3;
matrix=128x128x128 (SPRITE). 20 Slices (1mm thickness) with
128x128 in-plane resolution (SE). Excitation pulse length,
SPRITE: 1-3µs (α=4°-12°) and SE: 2ms (both 90° and 180° puls-
es). Phase-encoding times ranging 40-500µs (SPRITE) and
TE=5ms (SE). TR=0.2-1ms (SPRITE) and 2s (SE). Acquisition
time of 30min (SPRITE) and 20min (SE).
Results: Representative SE and SPRITE coronal and transversal
images of the tibial end of a pig's knee, with some metal hardware
implanted in it, are shown in figure 1. Large distortions observed in
SE images were completely suppressed when using SPRITE. This
effect was especially noticeable when slices were perpendicular to
the sharp edges of the metallic objects. Although encoding times
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used in SPRITE were very short, T1 and T2* contrast still allow us
to distinguish bone from muscle in the knee.
Discussion: It has been shown that, despite the presence of metal
pieces, it is feasible to obtain artifact-free images of biological sys-
tems with acceptable temporal and spatial resolution. Despite the
ultra-short encoding times used here, T2* and T1 weighting
achieved was suitable to allow a clear differentiation of muscle and
bone, without disturbance from the metal pieces. Potential in vivo
application of SPRITE is feasible, although further studies are re-
quired to assess aspects like SAR limitations, implant heating and
other side effects of this method (as mentioned in ref. [1]).
References:
[1] Ramos Cabrer, P et al. [2004] Magn. Reson. Imag., in press
[2] Balcom, BJ et al [1996] J. Magn. Reson. Ser. A, 123:131-134

Figure 1. Coronal and transversal views of the pig�s knee. (a) SE
images, (b) corresponding SPRITE images.

397
5D MRI - Cardiac and respiratory time-resolved volume
imaging
A. Sigfridsson1,2,3, J. P. E. Kvitting1,3, H. Knutsson2,3, 
L. Wigström1,3; 1Division of Clinical Physiology, Linköping
University, Linköping, SWEDEN, 2Dept. of Biomedical
Engineering, Linköping University, Linköping, SWEDEN, 3Center
for Medical Image Science and Visualization (CMIV), Linköping
University, Linköping, SWEDEN.

Introduction: Respiratory motion is often a source of artifacts in
cardiovascular imaging, but may also convey important physiolog-
ical information. To improve our understanding of the respiratory
motion and its effects on the cardiovascular system, imaging
should ideally be performed resolving both cardiac and respiratory
motion. Previously, this has been done in 2D[1], but through-plane
motion can in this case not be assessed. In this study we image a
full 3D volume, temporally resolved with respect to both cardiac
and respiratory phase, enabling for the first time three-dimensional
studies of the combined respiratory and cardiovascular dynamics.
Subjects and Methods: An axial volume data set from a healthy
volunteer was acquired using a 1.5T GE LX scanner with a modi-
fied 3D SSFP pulse sequence. Scan parameters were
FOV=280mm,TR=4.4ms,Matrix=128x64x32,Slice
thickness=4mm. The pulse sequence was modified to utilize a
view-order-selection scheme extending the TRIADS[2] approach.
Real-time histogram equalization was used to estimate the respira-
tory time-frame to be acquired (8 time-frames were resolved) and
the average of the last 3 RR-intervals was used to determine current
cardiac time-frame (16 time-frames were resolved). For each com-
bination of respiratory and cardiac time-frame, a full 3D k-space
was acquired using a Hilbert curve k-space scanning pattern to re-
duce eddy current effects between excitations while changing time-
frames. Scan time was 19 minutes. Gaussian interpolation in time
was used to reconstruct twice the number of cardiac and respirato-
ry phases.
Results: Images in short-axis (Figure 1) and four-chamber (Figure
2) views were reformatted based on the acquired volume data sets.

In Figure 1 and 2, images reconstructed in diastolic (a,b) and sys-
tolic (c,d) cardiac phases are shown in end expiratory (a,c) and end
inspiratory positions (b,d). The stippled lines in Figure 1 indicate
the inner contours of the left ventricle at end inspiration, extended
to show the superior-inferior displacement from end expiration. In
Figure 2, respiratory motion is primarily through-plane as can be
seen by the papillary muscle present in expiration(c) but absent in
inspiration(d).

Figure 1

Figure 2
Discussion: The proposed method can be used to study motion pat-
terns in all three dimensions over the complete respiratory and car-
diac cycles. This is useful for physiological studies of the effects of
respiration on cardiovascular dynamics. The five-dimensional data
acquired is intrinsically free from respiratory artifacts and can also
be used to optimize and test alternative respiratory artifact reduc-
tion schemes.
References:
[1] Fredrickson JO [1995] Radiology 195:169-175
[2] Fredrickson JO [1994] JMRI 4:189-196
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Autocalibrated parallel imaging with GRAPPA using a single
prescan as reference data
F. Breuer, M. Blaimer, M. Mueller, R. Heidemann, 
M. Griswold, P. Jakob; Universitaet Wuerzburg, Biophysik,
Wuerzburg, GERMANY.

Introduction: All parallel imaging strategies require some sort of
coil sensitivity information for the final image reconstruction. This
sensitivity information is normally derived already during the setup
and can then be used for every subsequent parallel imaging experi-
ment. However, this information can also be derived by an addi-
tional acquisition of multiple k-space lines in the center of k-space
as autocalibration signal (ACS), either before, during or after every
subsequent experiment [1].
Normally these ACS-lines are acquired using the same sequence
parameters. It has been suggested that GRAPPA is limited to this
method of calibration. In this abstract we show that coil weights for
the GRAPPA reconstruction can also be derived from a low resolu-
tion pre-scan with arbitrary contrast. These weights can then be
used to reconstruct missing k-space lines in every subsequent ex-
periment with totally different image contrast if needed.
Methods: All experiments were performed on a 1.5T Siemens
Avanto equipped with a 12 channel head array for signal reception.
GRAPPA coil weights derived from a fast low resolution spin den-
sity weighted FLASH pre-scan (matrix= 32 x 32) were used for the
final GRAPPA reconstruction of accelerated (R=2-4) clinical stan-
dard protocols, such as T1-weighted SE and T2-weighted TSE ex-
periment. The imaging parameters were chosen to
TE/TR=7.8ms/500ms, ∆s=5mm, matrix=224 x 256 for the T1-
weighted SE experiment and TE/TR=95ms/4000ms, turbofac-
tor=11, ∆s=5mm, matrix=224 x 256 for the T2-weighted TSE
experiment.
Results: Figure 1 shows the results of an accelerated (R=2) T2 (a)
and T1 (c) -weighted parallel imaging experiment after normal
GRAPPA, using 32 additionally acquired ACS lines with identical
sequence and imaging parameters. In contrast, (b) and (d) show the
corresponding image reconstruction, using a spin density weighted
low resolution prescan (32 lines) to calculate coil weights for the
final GRAPPA reconstruction. It can be seen that the image quality
is essentially identical to the normal GRAPPA images.
Conclusion: It has been shown that GRAPPA coil weights derived
from a low resolution prescan with arbitrary image contrast can be
used to calculate missing k-space lines in any other parallel imag-
ing experiment with totally different image contrast without loss in
image quality. This potentially provides an additional flexibility
and time savings in clinical parallel imaging.
References:
[1] Jakob et al. [1998],MAGMA 7(1):42-54
[2] Griswold et al. [2002],MRM 47(6):1202-1210
Acknowledgement: This work was funded by DFG-JA-827/4-1.
The authors like to thank Siemens Medical Solutions for support.
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Optimised RF excitation scheme in 3D MDEFT sequences for
anatomical brain imaging with surface coils
R. Deichmann; Wellcome Department of Imaging Neuroscience,
Institute of Neurology, London, UNITED KINGDOM.

Introduction: The MDEFT sequence [1] is often used for T1
weighted anatomical brain imaging. Problems arise if surface
transmit coils are used because B1 inhomogeneities lead to low sig-
nal-to-noise-ratio (SNR) or image blurring and impair standard fat
suppression. The use of adiabatic excitation pulses [2] may be
problematic because of the relatively long pulse durations. In this
work, a shaped excitation pulse with a duration of 2.4ms for the ac-
quisition of 3D-MDEFT images with an occipital lobe coil is pre-
sented.
Theory: The coil sensitivity increases approximately exponentially
along the anterior-to-posterior (y-) direction. If the excitation pulse
has a Lorentzian shape with an appropriate y-gradient being
switched during transmission, the resulting exponential excitation
profile compensates for B1 inhomogeneities. Water-selectivity at
3T is achieved by splitting up this pulse into two identical parts
with a spacing of 1.2ms. Basically, this is a binomial pulse with one
spectral and one spatial dimension [3]. However, in contrast to pre-
vious works the spatial dimension is used for B1 inhomogeneity
compensation rather than for slice selection.
Methods: Experiments were performed on a 3T Allegra head scan-
ner (Siemens Medical Systems) using a transmit/receive occipital
lobe coil (Nova Medical Inc.). Whole brain coverage with an
isotropic resolution of 1mm was achieved with a segmented 3D-
MDEFT sequence as described in [4], using the parameters
TR/TE/TI/FA/BW = 8.4ms/2.6ms/910ms/16°/57kHz. Brain scans
were performed with 3 different excitation schemes (hard pulse,
single Lorentzian pulse, binomial pulse). Images were intensity-
corrected and segmented into white matter (WM) and grey matter
(GM) maps using SPM2 (http://www.fil.ion.ucl.ac.uk).
Results: The figure shows axial images (top) and the respective
GM maps (bottom) acquired with the hard pulse (a), the single
Lorentzian pulse (b), and the binomial pulse (c). For the hard pulse,
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severe blurring is visible, especially in the occipital areas. The
Lorentzian pulse solves this problem, but the bright fat signal caus-
es artefacts, visible as stripes in the cortex. For the binomial ver-
sion, fat signal is reduced and the image is mainly artefact-free.
Conclusion and References: The excitation pulse presented in this
work allows for the acquisition of 3D-MDEFT images with surface
transmit coils, avoiding unwanted signal losses and image blurring.
The binomial version allows for suppression of artefacts arising
from fat signal.
References:
[1] Ugurbil et al., [1993] Magn.Reson.Q. 9:259-277
[2] Staewen et al., [1990] Invest.Radiol. 25:559-567
[3] Schick et al., [1997] Magn.Reson.Med. 38:269-274
[4] Deichmann et al., [2004] NeuroImage 21:757-767

400
Dynamic MRI with regular under-sampling for increased time
resolution: x-f choice
S. Malik, S. Schmitz, J. V. Hajnal; Robert Steiner MR Unit,
Imaging Sciences Department, Imperial College, London,
UNITED KINGDOM.

Purpose / Introduction: Image acquisition speed is frequently a
limiting step for dynamic MRI studies, e.g. dynamic contrast en-
hanced MR angiography (DC-MRA). During dynamic image ac-
quisition, k-space is sampled repeatedly in time (t) forming a k-t
data space. Regular under-sampling in k-t space increases temporal
resolution, but leads to aliasing in a prescribed way in the conjugate
image and temporal frequency domain (x-f space). Existing meth-
ods resolve the resulting ambiguities by filtering (e.g. sliding win-
dow reconstruction), or reallocate aliased signals as a linear
combination using training data (k-t BLAST)
Methods: Aliasing mixes signals from different x and f locations.
We note that for a given x, the f spectra generally have large signals
close to f = 0, but signal magnitude rapidly declines as |f| increases.
Thus the mixed signals usually have very unequal intensities. It is
more faithful to the data to retain the dominant alias than to parti-
tion the signal- i.e. by making an x-f choice. However, at high f
where signal is low noise often dominates and the actual balance of
signal strengths gets obscured (Figure 1). To decide which alias is
dominant we fit the f spectra with an envelope function based on
prior knowledge. This has the advantage of not depending solely on
high frequency areas with low signal-to-noise ratio. Where the
base-band alias is rejected, it is often possible to partially fill in the
missing data using conjugate symmetry of the f spectrum. The
method has been tested by simulation using the IDL environment
and with single slice in vivo data acquired from a Philips 3T Intera

system following test injections of Gd-DTPA prior to standard DC-
MRA examinations. The fully sampled data was then decimated to
create under-sampled data sets.
Results: Both in simulations and in vivo the x-f choice method
worked well with factor 4 acceleration and in some cases with
higher accelerations. Typically acceleration factors of 4 allow time
courses to be reproduced accurately without temporal blurring,
(Figure 2). The maximum acceleration factor that can be achieved
depends on the data itself.
Discussion / Conclusion: DC-MRA usually yields predictable
spectral shapes, making the method ideal to use without training
data. Other dynamic studies such as cardiac imaging may also be
suitable as potential applications, which may proceed by using
training data to calculate line shapes. The advantage of x-f choice
over related reconstruction methods is that high frequency detail
can be preserved.

401
Dual steady-state sequence with periodic variable flip angles
J. Absil1,2, V. Denolin1, T. Metens1; 1Hôpital Erasme - Unité
d'IRM, Université Libre de Bruxelles, Bruxelles, BELGIUM,
2Cenoli, Université Libre de Bruxelles, Bruxelles, BELGIUM.

Introduction and Purpose: We propose a new SSFP sequence
with periodic variable flip angles, which results into a dual steady
state. A specific off-resonance profile including broad stopbands is
designed, without modifying the common B-FFE phase alternation.
Methods: The sequence consists of a modified B-FFE with the fol-
lowing periodic flip angles series :
-α ; +3α/2 ; -α ; +α/2 ; with a delay TR between RF excitations and
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a total period of 4 TR. The sequence is initiated by a +α/4 - TR/2
preparation in order to obtain a symmetric trajectory (Fig.1).
Numerical simulations were performed with MatLab 6.5 using the
matrix form of the Bloch equations. The signal is sampled at
t=TR/2. On- and off-resonance behaviors of transient and steady
states have been investigated.
Results: Fig.1 shows the on-resonance magnetization trajectory
with two symmetric inner and outer parts. When using a separate
sampling of those two parts, a dual steady state is obtained after a
transient evolution shown in Fig.2. The contrast between tissues
that have equal T2/T1 ratio is higher for the dual steady-state se-
quence than for B-FFE. Fig.3 displays the off-resonance transient
behavior of the upper signal. The steady-state off-resonance modu-
lus profile is shown in Fig.4, demonstrating a central passband and
symmetric stopbands broader than in B-FFE. For fat attenuation,
the broad stopbands of the upper signal can be centered on fat fre-
quencies i.e. TR=2.3ms at 1.5 T.

Fig.1: On-resonance trajectory towards steady-state.

Fig.2: Dual magnetization transient evolution.
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Fig.3: Off-resonance transient behavior.

Fig.4: Steady-state off-resonance profile (upper signal).
Discussion and Conclusions: With an appropriate periodic
scheme of variable flip angles, it is possible to define a dual steady
state. At reconstruction two independent images or a composite
image can be produced. The composite image is generated by fill-
ing the k-space center with the upper slope signal, the lower slope
signal filling the k-space periphery. If TR is properly chosen, fat at-
tenuation is obtained. Alternatively, enhanced fat-attenuation can
be provided by a weighted subtraction between upper and lower
profiles. Interestingly similar steady-state results have been recent-
ly obtained by a very different approach involving variable RF
phase scheme (FS-OSSFP).
In conclusion we present a dual magnetization sequence that pre-
serves the phase alternation of B-FFE and uses moderate flip an-
gles, providing enhanced T2-contrast during transient and fat
attenuation.
References:
[1] Vasanawala SS, Pauly JM, Nishimura DG [1999]
Magn.Res.Med.42:876-883.
[2] Overall WR, Nishimura DG, Hu BS [2003] Magn.Res.Med.
50:550-559.
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Modified SSFP sequence for transient signal optimization
J. Absil1,2, V. Denolin1, T. Metens1; 1Hôpital Erasme - Unité
d'IRM, Université Libre de Bruxelles, Bruxelles, BELGIUM,
2Cenoli, Université Libre de Bruxelles, Bruxelles, BELGIUM.

Introduction and Purpose: We propose a new kind of B-FFE se-
quence involving an initial series of variable flip angles designed to
control the high signal of the early transient, which can be kept rel-
atively constant in some conditions.
Methods: The sequence consists of a B-FFE with a flip angle α,
preceded by two linear ramps of variable flip angles.
In the first ramp, the angles are linearly increased from α to 2α,
with a constant step a. Then, the angles decrease from 2α to α with
a decreasing step b. The two ramps are preceded by the convention-
al α/2 - TR/2 preparation. To optimize the signal evolution, the first
and last steps are set to a/2.
Numerical simulations were performed with MatLab 6.5 using the
matrix form of the Bloch equations. The signal is sampled at
t=TR/2. Influences of T2 and α have been investigated.
Results: Fig.1 shows the on-resonance magnetization trajectory.
The corresponding transient signal is shown in Fig.2 and compared
to B-FFE. Fig.3 illustrates the T2-dependence of the transient sig-
nal. The influence of α on the transient signal shape is given in
Fig.4 : for a specific value of T2 there exists a value of α providing
a relatively constant signal. Conversely for a given α longer T2 tis-
sue will exhibit an early signal increase.

Fig.1: On-resonance magnetization trajectory.

Fig.2: Transient signal evolution compared to B-FFE.

Fig.3: T2-weighting of the transient signal.

Fig.4: Transient signal shape: influence of α.
Discussion and Conclusions: Using two linear flip angles ramps
before continuing with the B-FFE sequence, it is possible to shape
the signal transient. For a given set of T2 values the initial signal
transient can be kept almost constant. Combining this sequence
with an early filling of the k-space center, the T2-filtering of the
signal remains limited, which is a desirable feature for ASL or in-
version/saturation prepared sequence.
Alternatively when sampling the k-space center at the end of the in-
creasing ramp, a larger T2-contrast is found (Fig.3) concomitantly
with higher signal intensity than in B-FFE or TIDE.
In conclusion it is possible to derive a series of variable flip angles
providing a high SNR sequence allowing some T2-contrast control.
References:
[1] Nishimura DG, Vasanawala S [2000] Proc.Intl.Soc.Magn.
Reson.Med.8.
[2] Deshpande VS et al. [2003] Magn.Res.Med.49:151-157.
[3] Hennig J, Speck O, Scheffler K [2002] Magn.Res.Med.48:801-
809.
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Darkband SSFP
K. W. Eberhardt, M. Schär, C. Barmet, S. Kozerke, 
P. Boesiger; Institute for Biomedical Engineering, University and
ETH Zurich, Zurich, SWITZERLAND.

Introduction: Very low flip angles in steady-state free precession
(SSFP) sequences produce a highly frequency-selective steady
state, characteristically different from that of typical large flip an-
gles. This frequency selectivity may be used for metabolite map-
ping. Due to the small flip angles the sequence offers a new
approach to SAR problems at high fields.
Methods: Typical flip angles in SSFP are in the range of 20-80 de-
grees. The selection profile shows wide passbands of high signal
and narrow darkbands, where the magnetisation is dephased. At
flip angle ranges of 0.05-3 degrees the signal relationship is re-
versed, with high signal generated in the dankbands (Fig.1). This
peak in the darkband has an extremely small FWHM on the order
of 1/T2 and reaches the signal level of SSFP at the optimal flip
angle.
The mathematical form of the selection profile can be calculated
from pulse and precession matrices:

The separation of Mx from My raises the frequency selectivity and
reduces the signal from the passband areas substantially (Fig.2).
Phantom measurements were performed on a 1.5T Intera whole
body MR system (Philips Medical Systems, Best, The Netherlands)
equipped with a multi-nuclei channel. The 3-dimensional SSFP se-
quence was applied without slice-selection gradients and the fol-
lowing parameters: TR 8ms, matrix 256x256x32, FOV
200x200x256mm3, aquisition time per image 31s. The flip angle
was optimized for highest signal in the darkband.
Results: Images of a spherical phantom filled with H3PO4 acid
were obtained with the described sequence (Fig.3). Due to B0-in-
homogeneities the entire sphere had to be imaged with eight con-
secutive measurements each shifted by a frequency offset of 1Hz.
The final image was reconstructed by magnitude averaging of the
individual measurements.
Conclusion: By appling very small flip angles a high signal level
comparable to conventional SSFP can be achieved at very low
SAR. The high frequency-selectivity of the presented sequence
shows promise for chemical-shift imaging.
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404
B1-insensitive fast T1 measurements
K. Sidaros, I. K. Andersen, L. G. Hanson; Mr - 340, Danish
Research Centre for Magnetic Resonance, Hvidovre, DENMARK.

Introduction: Fast T1-measurements can be acquired in a few sec-
onds using the Look-Locker principle in conjunction with echo-
planar imaging. [1,2] Accurate calculation of T1, however, requires
knowledge of the true mean flip angle [3], which varies throughout
the imaged volume due to B1-inhomogeneities. The flip angle can-
not be estimated by fitting the signal model to measured data since
it is strongly correlated to other parameters in the model. However,
by repeating the T1-measurement with multiple flip angles, it is
possible to estimate the flip angle along with T1, M0 and the degree
of inversion, b. This allows accurate and fast measurement of T1 in
the presence of B1-inhomogeneities.
Methods: Look-Locker T1 measurements were acquired in a sin-
gle slice in both a homogenous gel phantom and a human subject.
All measurements were done on a Siemens Magnetom Trio 3T-
scanner. EPI was used for imaging and a non-selective hyperbolic
secant adiabatic inversion pulse was used for inversion with
TI=50ms. The measurements were repeated with two flip angles.
For the phantom measurements, flip angles, a, of 10° and 15° were
used and the time between slices, dTI, was 75ms. For the in-vivo
measurements a was 15° and 25° and dTI was 200ms.
A four-parameter model with the unknowns T1, M0, a and b was fit
to the data acquired with both flip angles. It was assumed that the
ratio between the actual flip angles in the two measurements was
constant regardless of the B1-inhomogeneities.
Results: Figure 1 shows the fitted ratio between the actual and
nominal flip angles in both the phantom and in-vivo measurements.
The ratio shows good agreement with a typical B1-map. Figure 2
shows histograms of the fitted T1 values in the homogenous phan-
tom with the normal single-flip-angle Look-Locker method (for
a=10° and 15°) as well as with the proposed 2-flip-angle method.
The proposed method clearly has a narrower histogram. Figure 3
shows the corresponding T1-maps in the in-vivo measurements.
The fitted T1-maps could be further improved by constraining the

B1-maps to be smooth, e.g. by using a masked polynomial fit to
smooth the fitted flip-angles.
Conclusions: It was shown that B1-insensitive fast T1-measure-
ments can be acquired using the Look-Locker method by using two
flip angles and fitting an appropriate model to the measured data.
References:
[1] Look,DC and Locker,DR. Rev Sci Instrum 1970;41:250-1.
[2] Gowland,P and Mansfield,P. Magn Reson Med 1993;30:351-
354.
[3] Sidaros,K et al. Proc. 8th ISMRM 2000;p.429.

405
The effect of RF flip angle distribution on gradient balanced
steady state free precession images in the presence of inflow
K. Lagerstrand1, B. Vikhoff-Baaz1,2, G. Starck1,2, 
M. Ljungberg1,2, E. Forssell-Aronsson1; 1Radiation Physics,
Göteborg University, Göteborg, SWEDEN, 2Medical Physics and
Biomedical Engineering, Sahlgrenska University Hospital,
Göteborg, SWEDEN.

Purpose/Introduction: For gradient balanced steady state free
precession (SSFP) sequences, a coherent steady state of stationary
magnetization is produced by a train of RF-pulses with constant
flip angle and repetition time. Prior work has shown that flow can
strongly influence the transition into steady state and the steady-
state signal itself [1]. The effect depends on the in- and out-flow of
magnetization, the homogeneity of the magnetic field, and the spa-
tial distribution of the flip angle.
Aim: to investigate how various realistic flip angle distributions in-
fluence 3D SSFP images in the presence of inflow.
Subjects and Methods: Simulations of 3D SSFP imaging of in-
flow (α=60°, T1/T2/TR/TE=1000/200/5/2.5 ms) for various flip
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angle distributions were performed with MathLab®. Calculation of
the temporal evolution of the magnetization was based on the
Bloch equations. The flip angle distributions were modelled by
combining the excitation profile for a filtered sinc-shaped RF-pulse
with two side lobes (fSINC) with an unweighted or a tilted excita-
tion (TONE), or a modified TONE (mTONE) (Figure 1). Inflow of
unsaturated magnetization into the volume was modelled by re-
placing transversal magnetization with fully relaxed longitudinal
magnetization. Between subsequent excitations, the magnetization
was shifted downstream according to its velocity resulting in a spa-
tial distribution of the magnetization corresponding to the number
of experienced RF-pulses.
Results: Flip angle variation over the imaging volume, which due
to flowing magnetization represents a time-dependent flip angle
distribution, influenced the unweighted signal intensity profile
(Figure 2). The oscillations in the signal intensity decreased for
mTONE-weighting and increased for TONE-weighting compared
with unweighted fSINC.
Discussion: TONE is commonly used in 3D spoiled gradient echo
imaging to reduce signal intensity variation over the volume.
Combining the TONE technique with SSFP imaging of flow may
reduce the oscillations in the signal intensity profile that are due to
the oscillatory nature of the signal evolution during the approach to
steady state. However, the TONE technique may lead to complex
signal intensity variations of high amplitude if the TONE profile is
uncritically chosen.
References:
[1] Markl et al. MRM 2003;50:892-889
Acknowledgement: Swedish Research Council (14039) and the
Lundberg Foundation, Göteborg, Sweden

Figure 1. Unweighted (blue), TONE (magenta) and mTONE
(green) excitation profile.
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Figure 2. Comparison of the on-resonant signal intensity profiles
along the symmetry axis of the flow (velocity = 50 cm/s) for fSINC
combined with unweighted excitation (blue), TONE (magenta), and
mTONE (green). Black dotted line shows the unweighted signal.
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Three dimensional 23Na renal imaging of the mouse in vivo
T. Neuberger, V. Gulani, A. Webb; University of Wuerzburg,
Institute of Physics, EPV, Wuerzburg, GERMANY.

Introduction: Sodium plays a major role in fluid and electrolyte
homeostasis. Recently, MRI has been used to measure renal tissue
sodium concentration (TSC) in rats [1]. Since the mouse has be-
come the most important animal model for human disease, we have
attempted to monitor the changes in murine TSC during
furosemide induced diuresis. Due to the small size of the mouse
this poses challenges in devising suitable MRI methodology.
Subjects & Methods: Experiments were performed on a Bruker
17.6 T widebore spectrometer with a maximum gradient strength of
200 mT/m. After positioning the mouse (20-25g) in the magnet, 3D
FLASH proton images were obtained (TE=3 ms; spatial resolution
=(133µm)3; Ttot=26min) to allow the correlation of sodium images
with anatomical proton images. The 1H RF resonator was then
changed to a 23Na coil, and the mouse was given a tail-vein injec-
tion of 10 mg/kg of 1 mg/mL furosemide. Five minutes after injec-
tion, a series of twenty sodium images were acquired with a purely
phase-encoded, density-weighted chemical shift imaging method
(DWCSI) [2]. The spatial resolution was (1.5 mm)3 (voxel size 3.4
µL) and temporal resolution less than 5 minutes (TR=36 ms, 8192
phase encoding steps). The DWCSI method allows minimization
(460 µs) of the pre acquisition delay, since 23Na has very short T2 val-
ues, and optimization of the shape of the spatial response function.
Results: The kidneys are readily identified in the proton and sodi-
um datasets. Figure 1 shows coronal images from 1H and 23Na
datasets. Seven sodium coronal slices from different time points
(12.5, 17.5, 22.5, 27.5, 32.5, 37.5 and 100 min) after the
furosemide bolus are shown in Figure 2. Differential kinetics are
seen in the cortex and medulla, although more experiments must be
run for full quantitation.
Discussion: We have monitored qualitative changes in TSC in
mouse kidneys during furosemide induced diuresis. The temporal
and spatial resolution is sufficient for studies of physiological or
pathological models. Using an external standard, absolute quantifi-
cation of the TSC should also be possible. 
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This work adds a valuable tool to renal diagnosis, previously avail-
able only for larger rodents.
References:
[1] Maril et al [2004] Kidney Int 65(3):927-935
[2] Greiser et al [2003] MRM 50(6):1266-1275

407
A 3D-PRESTO-SENSE sequence with UNFOLD and partial
fourier encoding for fast susceptibility-weighted MRI
M. Ries, C. Modolo, C. T. Moonen; Imf, CNRS, Bordeaux,
FRANCE.

Purpose/Introduction: MRI-sequences for functional-BOLD im-
aging and bolus tracking require a high temporal resolution while
maintaining large brain coverage.
Although multislice, single-shot EPI are widely used in this role,
often in conjunction with parallel imaging techniques like SENSE1,
the acquisition scheme of the 3D-PRESTO2 sequence offers the ad-
vantage of maintaining long effective echo-times, while exploiting
the maximum available imaging time.
In combination with SENSE and partial fourier acquisition
schemes, PRESTO sequences can reach imaging times of 0.5s per
volume and maintain full head coverage (isotropic resolution of
4mm)3. The aim of the presented feasibility study is to extend this
idea by combining the UNFOLD4 method, the SENSE method and
a partial k-space sampling scheme with a 3D-PRESTO sequence.
Methods:
Experiments were performed with a six channel headcoil on a
Philips 1.5T Intera with explorer gradients (Gmax=30mT/m, slew
rate S=160T/m/s).
Imaging parameters:
FOV=256x205x120mm3, matrix=64x52x30, resolution=4mm
isotropic, flip angle=11o, water-selective excitation (1-2-1 binomial
RF-pulse), BWreadout=3.5KHz/line, 3D encoding direction: left-
right, EPI-readout direction: anterior-posterior, fast phase encoding
(EPI-blip) direction: head-foot. A navigator-echo prior to each

readout train was employed to achieve a higher temporal stability
of the 64 aquired volumes.
- PRESTO: TEeff=41ms, TR=27ms, EPI readout of 31 lines,
TAQ/3D volume=1.6s.
- PRESTO with SENSE-factor 2 (in 3D enc. dir) and UNFOLD-
factor 2 (in EPI readout dir): TEeff=30ms, TR=18ms, EPI readout
of 15 lines, TAQ/3D volume=540ms.
- PRESTO with SENSE-factor 2 and UNFOLD-factor 2 and 70%
partial-k space sampling (in 3D enc. dir): TEeff=30ms, TR=18ms,
EPI readout of 15 lines, TAQ/3D volume=350ms.
Image Processing:
All images were reconstructed off-line using the standard recon-
struction schemes for SENSE and UNFOLD and the Cuppen
method for full k-space restoration.
Results: Images a),b),c) show a sagittal and transversal slice of the
3D-PRESTO, 3D-PRESTO/SENSE/UNFOLD, 3D-
PRESTO/SENSE/UNFOLD/partial k-space sequence.
Despite the inevitable artefacts introduced by partial k-space sam-
pling (c), the later shows a sufficient SNR and an acceptable level
of distortions/ghosting. Note the improved resolution in HF-direc-
tion of the UNFOLD sequence (b), caused by the shortened EPI-
train.

Discussion/Conclusion: The combination of SENSE, UNFOLD
and partial k-space sampling with the PRESTO sequence offers the
possibility of sampling susceptibility weighted whole brain vol-
umes within 350ms. Although the principal temporal resolution
limits of the UNFOLD method apply, the high temporal resolution
suggests the proposed sequence as an interesting candidate for
bolus-tracking perfusion and event related fMRI studies.
References:
[1] Prussmann et al. MRM 1999;42:952-962
[2] Liu et al. MRM 1993;30:764-768
[3] Madore et al. MRM 1999;42:813-828
[4] Klarhoefer et al. MRM 2003;50:830-838 
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Predicting the contrast with the Extended Phase Graph: 
a validation study for low flip angle TSE sequences 
M. Weigel, J. Hennig; Medical Physics, Department of
Diagnostic Radiology, University Hospital of Freiburg, Freiburg,
GERMANY.

Purpose: The application of turbo spin echo sequences (TSE) is
often limited by SAR restrictions. Thus, a reduction of the constant
flip angle and more sophisticated rf pulse schemes such as
TRAPS[1] (hyperTSE) are used to address this issue. However,
with such schemes the image contrast slightly changes since stimu-
lated echo pathways contribute to all acquisitions with lower flip
angles. This abstract demonstrates that the Extended Phase Graph
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(EPG) [2] is a valid and helpful tool for predicting the contrast of
any generic TSE sequence with arbitrary flip angles.
Subjects and Methods: All experiments (10 volunteers) were per-
formed on a 3.0T whole-body imaging system. Different schemes
of varying flip angles using TRAPS were implemented in a com-
mon TSE sequence (matrix=256x208, slth=5mm). Additionally,
low constant flip angles were investigated, yielding eleven se-
quences for each examination (Table_1). Protocols with two differ-
ent echo times (TE=80ms, TE=134ms) and two different echo train
lengths (ETL=15, ETL=25) were created from Table_1. The relax-
ation times T1 and T2 were assessed prior to the study.
Experimental signal intensities Imeasured(sequence,tissue) were
evaluated in global ROIs of WM, GM, and CSF. The corresponding
theoretical signal predictions f(αi,T1tissue,T2tissue) were calculat-
ed via the EPG concept. To test whether experimental results and
theoretical predictions coincide for each tissue,
[Eq.1] 
Imeasured(sequence,tissue) = M0 * f(αi,T1tissue,T2tissue)
the ratio of both quantities, M0, was computed.
Results: M0 is a measure for the magnetization present in the tis-
sue and, thus, should be constant for all investigated sequences per
tissue and volunteer. Table_2 displays the mean ratio M0 over all
eleven investigated sequences for each volunteer (TE=80,
ETL=15). The small standard deviations of less than ±2.2% for
WM, GM, and CSF show that the EPG predictions match the meas-
ured values very closely. The results obtained for the other three
protocols with different TE or ETL were similar (Table_3).
Discussion and Conclusion: Despite errors in the measured signal
intensities and the assessed relaxation times, the experimental in-
tensities for various tissues coincide excellently with the intensities
predicted by the Extended Phase Graph (EPG) for TSE sequences
with arbitrary flip angles. Thus, a priori contrast calculations are
feasible which is important for conceptual understanding and for
clinical routine. For example, the T2 weighting of any hyperTSE
can be automatically adapted to a TSE180° in a sequence itself[3].
This is demonstrated for a patient study in Fig.1.
References:
[1] Hennig,Weigel,Scheffler. MRM 49:527-35
[2] Hennig.Conc Magn Reson 3:125-43
[3] Hennig,Weigel,Scheffler. MRM 51:68-80
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Whole-body MRI for on-stop assessment of tumor spread in
patients with malignant melanoma
H. W. Schlemmer1, J. Schaefer1, S. Khorchidi1, P. Radny2, 
C. Pfannenberg1, T. Naegele1, K. Tomaschko1, M. Fenchel1, 
C. Garbe2, C. D. Claussen1; 1Eberhard-Karls-University
Tuebingen, Dept. of Radiology, Tuebingen, GERMANY,
2Eberhard-Karls-University Tuebingen, Dept. of Dermatology,
Tuebingen, GERMANY.

Purpose/Introduction: Quality of life and survival of patients
with Malignant Melanoma (MM) strongly depend on early infor-
mation about individual tumor spread and total tumour burden.
Although state-of-the-art MRI provides high sensitivity for detect-
ing local and distant tumor spread, MR imaging of the whole body
(wb-MRI) was so far not feasible within one single routine exami-
nation because multiple repositioning of the patient significantly
contributes to the total examination time, which negatively affects
cost-effectiveness and patient tolerance. Goal of this study was to
investigate the clinical feasibility of a novel whole-body MRI sys-
tem for evaluating tumor spread in patients with cutaneous MM
(cMM).
Subjects and Methods: 25 patients with stage II/III cMM were ex-
amined by wb-MRI and conventional contrast-enhanced whole-
body CT (wb-CT). wb-MRI was performed using a novel 1.5 Tesla
system (Magnetom Avanto, Siemens, Erlangen, Germany). A total
scan range of 2050 mm was feasible without repositioning of the
patient by using 68 coil elements from multiple phased-array sur-
face coils and automatic table move. Coronal and axial MRI of
brain, thorax, abdomen, pelvis and the musculoskeletal system was
performed in 5 subsequent table positions using high-resolution
T2-weighted inversion recovery (STIR) and T1-weighted FLASH
and 3D volumetric interpolated (VIBE) MRI sequences and inte-
grated parallel acquisition technique (iPAT). Axial T1-weigted
MRI was repeated after intravenous application of Gd-DTPA.
Image data were analyzed by three independent radiologists and
compared to findings of conventional contrast-enhanced whole-
body CT (wb-CT).
Results: wb-MRI examinations required a total room time of about
60 min. Compared to wb-CT, additional metastases necessitating
therapy modification were detected by wb-MRI in 5/25 patients
(metastases in brain, liver, soft tissue, bone). All CT findings of
metastases in brain, lung, liver, spleen, adrenal glands, lymph
nodes and bone were otherwise correctly visualized by wb-MRI.
Particularly, also pulmonary metastases larger than 4 mm were
clearly visualized on breath-hold STIR and VIBE MRI sequences.
Discussion/Conclusion: State-of-the-art wb-MRI is now feasible
in clinical routine and offers great potentials for fast assessment of
individual tumor spread and total tumor burden in patients with
cMM. Because early detection of affected lymph nodes or distant
metastases is the most important predictor for recurrence and sur-
vival in patients with MM, wb-MRI may have important impact on
patient management during initial and repeated staging.

410
Artifact and resolution in parallel imaging: An analysis of
SENSE, SPACE RIP and GRAPPA
W. E. Kyriakos1,2, W. S. Hoge1, R. V. Mulkern2,1; 1Radiology,
Brigham and Women's Hospital, Boston, MA, 2Radiology,
Children's Hospital, Boston, MA, UNITED STATES.

Purpose/Introduction: Parallel imaging methods have been the
subject of very active development in the last few years. These
techniques allow for faster image acquisition, but affect image
quality by introducing artifacts at higher accelerations. The coil
sensitivity profile and the sampling strategy both impact the nu-
merical conditioning of the image reconstruction problem. SENSE
samples k-space regularly, and Tikhonov regularization is typically
employed for conditioning. GRAPPA allows for a more general
sampling pattern, while SPACE RIP, offers the most flexible k-
space sampling options and is amenable to conditioning by
Singular Value Decomposition (SVD) thresholding. Until now, no
standard method of assessing image quality in parallel imaging has
been adopted. In this work, standard American College of
Radiology (ACR) tests were used to assess Artifact and Resolution
performance of SENSE, SPACE RIP and GRAPPA for a fixed ac-
celeration factor.
Subjects and Methods: We computed ACR phantom reconstruc-
tions of three and four fold accelerated images acquired using an 8-
channel array. A plot of a column in the image containing sharp
intensity pixels was used to assess resolution and artifacts. For all
reconstruction strategies, optimization was performed to minimize
artifacts and maximize resolution. In the SENSE images, Tikhonov
regularization was applied with regular k-space sampling. For the
SPACE RIP reconstructions, both k-space sampling and regulariza-
tion were applied. The k-space distribution was varied following an
exponential parametric function. GRAPPA used a Hat distribution
k-space function.
Results: The �Best outcome� SENSE, SPACE RIP and GRAPPA
images are shown in Fig.1 for the different sampling strategies. A
plot of the column demarcated in the images is shown for 3x and 4x
accelerations in Figs 2 top and 3 top respectively. The regions
shown under the box are expanded in Figs 2 bottom and 3 bottom.
Visual comparison of the results indicates that the best reconstruc-
tion could be achieved using SPACE RIP. Examination of the col-
umn plots in Figs 2 and 3 shows that SPACE RIP results show less
artifacts for the required resolution than the two other methods.
Discussion/Conclusion: An ACR phantom was used to assess
image quality performance in SENSE, SPACE RIP and GRAPPA
reconstructions. Results show that optimized irregular k-space
sampling, coupled with proper numerical conditioning, allows finer
control of image quality in SPACE RIP than in the other two tech-
niques, yielding preserved resolution and better artifacts suppres-
sion.
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Iterative signal correction for ultrashort TE imaging
D. Mentrup, H. Eggers; Tomographic Imaging Systems, Philips
Research, Hamburg, GERMANY.

Introduction: Ultrashort TE (UTE) imaging aims at detecting sig-
nal components with T2 relaxation times in the order of several
hundred microseconds. Due to technical and physiological limita-
tions, the sampling typically extends to a multiple of these times.
This leads to a significant decay of the received signal during the
readout, giving rise to a loss of spatial resolution and contrast. In
the present work, an iterative reconstruction algorithm is applied
which includes a correction of known signal decay.

Methods: The acquired k-space data         is modelled by

, with .

denotes the image to be reconstructed, and 

the angular off-resonance frequency at position           .

The employed iterative algorithm solves the linear system of equa-
tions

using the conjugate gradient method and a segmentation of time in
combination with the interpolation strategy proposed in Ref. 1.
Coronal slices of test tubes filled with three different Resovist dilu-
tions (Schering AG) were imaged with a 2D UTE sequence consist-
ing of half-sinc RF excitation pulses and radial FID-sampling [2].
The respective T2 values of the dilutions were 0.8, 2, and 5 ms,
while the sampling lasted 1 ms after each excitation. A sequence of
ten images was recorded at TE= 0.16, 0.26, ..., 1.06 ms.
A field map was derived from the first two images of the sequence.
Then, all images of the sequence were iteratively reconstructed
with an off-resonance correction, and a decay map was determined
by fitting a mono-exponential decay to the corrected sequence of
modulus images. Finally, a simultaneous correction of both off-res-
onance and signal decay was carried out on the original data.
Results: Fig. 1 presents results of three different correction strate-
gies for the reconstruction of the first image of the sequence. The
off-resonance correction efficiently eliminates the blurring induced
by susceptibility variations. The correction of signal decay com-
pensates for the signal loss. The combination of both suppresses
both types of artifacts. All effects are most distinct in the right test
tube containing the highest Resovist concentration.
Discussion: This work shows the principal feasibility of correcting
signal decay during the readout. Its most noticeable benefit is a sig-
nificant signal recovery in the region of shortest T2. A possible im-
provement of spatial resolution is under investigation.
References:
[1] Sutton BP et al., IEEE Trans Med Imag 2003; 22:178-188
[2] Pauly J et al., Proc. SMRM 1989; 28
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Fig. 1
Results of corrections. From left to right: Off-resonance correction
only, signal decay correction only, combined correction of both.

412
Sensitivity of MRI-based SPIO Detection at 3.0 T
H. Dahnke, T. Schaeffter; Division Technical Systems, Philips
Research Laboratories, Hamburg, GERMANY.

Introduction: For MRI-based molecular imaging the quantifica-
tion of targeted contrast agents is an important prerequisite. The
quantification and the sensitive detection of small amounts of
agents are used for the detection of labeled (stem) cells and the
quantification of approved contrast agents in the clinical routine.
Especially small paramagnetic iron oxide particles (SPIOs) are cur-
rently under investigation. The distribution of these SPIOs is usual-
ly determined by T2* weighted imaging. One step closer towards
quantification is the measurement of the T2* relaxation time itself.
Method: Experiments have been performed on a 3.0T whole-body
scanner (Philips, Intera). T2* relaxometry is strongly hampered by
∆B0, which leads to signal losses and an overestimation of the re-
laxation rate R2*. Therefore a ∆B0 inhomogeneity correction is ap-
plied, which does not lengthen the measurement time: ∆B0 is
derived from multi-slice T2*-relaxometry data and used as an ini-
tial value for an iterative optimization, by which the relaxation sig-
nal is corrected. These corrected T2* maps are independent of the
local field variation and contain information about the local SPIO
concentration. From these values, an estimate of the sensitivity for
the detection of SPIO labeled cells can be derived.
Results: Fig. 1 shows that a SPIO concentration 5 times higher
than the mean R2* standard deviation of the surrounding environ-
ment (5 sigma) is well detectable in corrected T2* maps. These re-
sults were used to derive an upper detection limit for SPIO
concentrations in different tissues: The mean standard deviation of
R2* in brain (Fig.2) and liver was measured. The amount of SPIO
necessary to be detected in these organs can be estimated from the
error of the mean R2* to be 120x103 cells/ml (2.4 µg Fe/ml) in
brain and 385x103 cells/ml (8 µg Fe/ml) in liver, under the assump-
tion that cells are labeled with 20 pg Fe/cell [1]. Taking into ac-
count the voxel size, the predicted sensitivity approximately is e.g.

600 cells per voxel for brain imaging at a resolution of 1x1x5 mm.
Conclusion: By correcting T2* maps for susceptibility influences,
it becomes possible to perform relaxometry measurements, that
allow quantification of contrast agents independently of the pre-
vailing local field variations. This allows deriving an estimate
about the sensitivity of MRI for SPIO detection.
References:
[1] Frank JA et al [2003] Radiology 228:480-487.

Fig: 1: Water phantom containing SPIO (Resovist, Schering AG),
Top: without correction, Bottom: with correction. 

Fig. 2: T2* map of brain slice. Left: without correction, Right: with
correction.
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Efficient foldover suppression using SENSE
R. Winkelmann1, P. Boernert2, K. Nehrke2, O. Doessel1;
1Institute for Biomedical Engineering, University of Karlsruhe,
Karlsruhe, GERMANY, 2Technical Systems, Philips Research
Laboratories, Hamburg, GERMANY.

Introduction: Parallel imaging [1,2] generally uses k-space sub-
sampling to reduce scan time. Images reconstructed from those k-
space data in the conventional way would suffer from aliasing
artifacts, which are unfolded by taking the coil sensitivity informa-
tion into account. This ability to remove foldover can be applied to
any image acquired with multiple receive-coils. Thus, this abstract
considers SENSE [2] from a different point of view to allow
foldover suppression without user interaction.
Methods: A fully sampled image is acquired according to the user-
chosen FOV (uFOV), within which aliasing might occur. However,
the acquired data is considered to be a sub-sampled k-space dataset
of an enlarged FOV (eFOV) with a corresponding reduction factor
R=eFOV/uFOV. Assuming the availability of the coil sensitivities
within the whole eFOV, a SENSE reconstruction, hidden to the
user, is performed for this eFOV, removing aliasing parts within the
uFOV. To simplify reconstruction, the maximum possible reduc-
tion factor R=Ncoil is used, while voxels located outside of the
body are excluded from reconstruction [3] (Fig.1). This voxel ex-
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clusion minimizes the effect of noise amplification described by
the geometry factor g [2]. A detailed body shape map is used, which
is determined out of the acquired data together with the coil sensi-
tivities.
Results: In-vivo experiments were performed on healthy adults
using a clinical 1.5T scanner (Philips Gyroscan INTERA) equipped
with a 5-element cardiac coil. Fig.2 compares different reconstruc-
tions of a four-chamber view (uFOV: 176x176 mm, TR/TE/FA:
5/2.6/60, voxel size: 1x1x7 mm3). Strong foldover artifacts spoil
the sum of squares image (a). Using the same raw data, the intensi-
ty of this artifact is reduced significantly in (b) for a SENSE recon-
struction with R=1 [4], while SENSE with R=5.0 (c) removes the
foldover, showing a low geometry factor (d) due to voxel exclu-
sion. Note that g>1 occurs only in the aliased regions, the SNR in
the center of the image is not affected.

Discussion & Conclusion: SENSE reconstruction offers an effi-
cient method to remove aliasing artifacts automatically without af-
fecting scan duration and voxel size. The presented method
provides an optimum foldover suppression and SNR and represents
an interesting approach for scan automation and zooming applica-
tions. Additionally, it may also be combined with conventional par-
allel imaging to reduce the scan time.
References:
[1] Sodickson DK et al. [1997] MRM,38:591-603
[2] Pruessmann KP et al. [1999] MRM,42:952-962
[3] Weiger M et al. [2002] MAGMA,14:10-19
[4] Roemer PB et al. [1990] MRM,16:192-225
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Three-dimensional parametric visualization of pulmonary
perfusion MRI
T. A. Kuder1, F. Risse2, C. Fink1, L. Schad2, H. Kauczor1;
1Radiology, Deutsches Krebsforschungszentrum, Heidelberg,
GERMANY, 2Medical Physics in Radiology, Deutsches
Krebsforschungszentrum, Heidelberg, GERMANY.

Introduction: Quantification of lung perfusion using magnetic res-
onance imaging (MRI) is a promising method for the diagnosis of
cardiopulmonary diseases [1].
The aim of this work was the three-dimensional visualization of
lung perfusion parameters using time-resolved MRI. The represen-
tation of the regional perfusion parameters in different cutting
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planes facilitates the localization and assessment of the dimensions
of impaired perfusion areas.
Methods: MR-datasets were acquired on a 1.5 T whole-body MR-
scanner using a contrast-enhanced time-resolved 3D-FLASH-se-
quence with parallel imaging techniques, as previously described
[2]. Perfusion parameters were calculated pixel-by-pixel for the de-
fined regions-of-interest (ROI) based on the indicator dilution the-
ory [1].
Due to the required high temporal resolution, a 3D pulse sequence
generating anisotropic voxels was used resulting in a reduced reso-
lution in the z-direction. Therefore, the 3D visualization of perfu-
sion parameters was hampered by a geometric compression in the
z-dimension distorting the appearance of pathology.
To solve this problem, two different interpolation algorithms were
used: linear interpolation and a combination of linear and nearest
neighbour interpolation.
Results: Due to the coronal orientation of the source data, only a
coronal visualization of the perfusion parameters has been possi-
ble. Now after the calculation and interpolation of the 3D-volume
arbitrary coronal, sagittal or transversal parametric visualizations
could be achieved (Fig.1).

In Fig.1 the use of linear interpolation resulted in small errors at the
borders of the ROIs because of the absence of one of two corre-
sponding pixels in adjacent slices. In this case, an interpolation be-
tween the pixel value and zero is done, resulting in an invalid
interpolated value.
This problem was solved by the use of nearest neighbour interpola-
tion for the mentioned areas of the ROIs in Fig.2. Using this com-
bined interpolation, the problem seen in Fig.1 cannot be observed.

Comparing dorsal and ventral lung regions, a significant decrease
of pulmonary blood flow caused by gravity can be noticed in Fig.2.
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Discussion: Perfusion measurements using time-resolved 3D-MRI
allow the assessment of regional perfusion abnormalities of the en-
tire lung parenchyma. Using the three-dimensional visualization of
the pulmonary perfusion parameters presented in this work the lo-
calization and of estimation of the size of perfusion deficits is facil-
itated. Furthermore, comparison of quantitative perfusion values
between different lung regions and correlation with other imaging
techniques such as CT is improved.
References:
[1] Fink C. et al. [2004] Rofo.Fortschr.Geb.Rontgenstr.Neuen
Bildgeb.Verfahr.176:170-174
[2] Fink C. et al. [2003] Invest.Radiol.38:482-488
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Colour encoded multi-modal MRI as an aid to atherosclerotic
plaque characterisation 
U. Köhler1, T. Dietrich1, B. Zipfel2, E. Fleck1, K. Graf1, 
E. Nagel1; 1Department of Internal Medicine / Cardiology,
German Heart Institute Berlin, Berlin, GERMANY, 2Department of
Thoracic and Cardiovascular Surgery, German Heart Institute
Berlin, Berlin, GERMANY.

Introduction: Sudden rupture of the atherosclerotic plaque has be-
come the leading cause of death in the developed world. The com-
position of the atherothrombotic plaque has been shown to play an
important role in the risk of plaque rupture.
As a first step towards non-invasive plaque imaging using MRI, ex-
cised human plaques were imaged at 7 T (PharmaScan, Bruker
Ettlingen). To facilitate the interpretation of images generated by
acquisitions delivering several contrasts, a procedure involving ar-
tificial colour images has been established. These colour images
were compared against histological staining.
Methods: Excised human plaques from several patients were im-
aged at 7 T with a resolution of 109x79x79 µm providing T1, T1
FatSat, T2 and PD contrasts. The individual histograms of the re-
sulting 3D stacks of 256x256x256 pixels were adjusted to cap rare
high and low pixel values. Afterwards the datasets were converted
to 8-bit values and combined into a colour image.
Results:

The image shows the ColourMRI image (left) of a selected slice
through a human internal mammary artery in comparison with his-
tological staining. The T1 FatSat, PD and T2 contrasts were used in
the red, green and blue colour channel respectively. The colour en-
coding is reproducible for samples from different patients.
However, great care has to be taken not to change the sequence pa-
rameters.
Discussion / Conclusion: The method presented proved to be a
simple, but very valuable tool in the characterisation of arterial
plaque from human tissue samples. It is reproducible and compares
very well with results from histological staining. This method
should facilitate the understanding and presentation of in-vivo MR
histology.

416
Computerized medulla area calculation: methodology and
application to Multiple Sclerosis 
J. Carbonell1, L. Martí-Bonmatí2,3, M. De la Iglesia1, J. J. Lull1,
J. V. Manjón1, M. Robles1, D. Moratal-Perez1, B. Casanova4, 
F. Coret5; 1BET Research Group, Universitat Politècnica de
València, Valencia, Spain, Valencia, SPAIN, 2Radiology
Department, Dr. Peset University Hospital, Valencia, Spain,
Valencia, SPAIN, 3Radiology Department, Clinica Quirón.
Valencia, Spain, Valencia, SPAIN, 4Neurology Department, La Fe
University Hospital, Valencia, Spain, Valencia, SPAIN, 5Neurology
Department, Clinic University Hospital, Valencia, Spain, Valencia,
SPAIN.

Introduction: Axonal damage is present early in patients with
Multiple Sclerosis (MS). An accurate computerized method to cal-
culate the medulla area at C2 in T2-weighted MR images will prob-
ably define axonal loss if these patients compared to control
subjects. We will define and evaluate a segmentation method based
in histogram and brightness level differences between medulla and
surrounding fluid.
Subjects and Methods: The method is based on the calculus of
mean brightness level in the medulla area, and mean brightness of
CSF within the thecal sac. Using these two levels (maximum for
medulla and minimum for CSF), a break point providing a mask to
segment medulla was calculated. Afterwards, the in-plane area was
obtained.
In order to calculate the voxels with minimum (CSF) and maxi-
mum (medulla) values, a histogram analysis of the region of inter-
est was obtained. Two masks that roughly include both zones, from
the minimum to the maximum levels, were calculated. Finally, an
image binarization according to a defined threshold between the
minimum and maximum levels, provided a mask that delimitated
the medulla. Due to the brightness level variations inside the
medulla, a hole filling and a convex hull was done, obtaining the
final mask used to calculate the area at C2. A ratio of area decrease
was created [initial area initial / actual area].
Seventeen control subjects (7 males and 10 females), 18 patients
with severe MS (8 males and 10 females), and 31 patients with less
severe MS (14 males and 17 females) were studied with MR imag-
ing (3 studies during 2 years). Mean age was 33 years (20-46
years).

Figure 1: Selected area and histogram analysis of the region of in-
terest.
Results: Measurements were fast and easily performed. The repro-
ducibility of the results was high (less than 1%). A statistic analysis
comapring the medias was perform using the t-Student test. There
was a slight reduction of the medulla area in patients with MS
throughout the time, the severity of atrophy being related to severi-
ty of disease. Control subjects measurements did not varied in the 2
years follow-up.
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Conclusions: An accurate and reproducible method to calculate
the medulla area in T2-weighted MR images was developed.
Differences in the medulla area were observed between the 3
groups (normal controls, severe MS, less severe MS).

Figure 2: Statistic analysis using t-Student test.

417
Comparison of spin echo distortion correction methods based
on field map
B. Belaroussi, H. Benoit-Cattin, F. Loiseaux, C. Odet;
CREATIS Laboratory, CNRS UMR 5515 - INSERM U 630,
Villeurbanne, FRANCE.

Introduction: MRI is a powerful imaging modality that offers a
high tissue contrast. However, because of the magnetic susceptibil-
ity differences arising at air/tissue, metallic implant/tissue or con-
trast agents/tissue interfaces, the coding process is perturbed
leading to geometrical and intensity distortions along the readout
gradient for Spin Echo images. Those distortions increase with the
main static field value. Different distortion correction methods
based on a field map knowledge of the imaged object have been de-
veloped. In this paper we propose to compare them on data present-
ing different amount of distortions at different field values.
Method: Three methods are compared: the restoration technique
proposed in [1], the correction method of Weis [2] and the
Accumulation-Map method [3]. They differ from the mathematical
modeling proposed for the distortion correction. Comparisons are
performed on simulated and real data at 1.5T and 7T. For simulated
data, a spherical object and a more complicated one (human brain)
are used. In the human brain, a slice including sinuses and auditive
cavities has been chosen. To obtain different amount of distortions,
the sphere was surrounded by water and filled with air and
Titanium, respectively. Real data are images of a cylindrical phan-
tom obtained at 7T. Criteria used for the quantitative comparison
are the root mean square error (RMSE) and the coefficient of vari-
ations (CV).
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Results: For real data, the CV has been reduced by a factor of five
after correction, for all tested methods meaning that for low distor-
tions, correction was well performed. For important distortions,
such as those induced by the Titanium sphere, the RMSE was re-
duced by a factor of three with the accumulation map-based
method. For this object, the other methods have shown their limita-
tions giving an RMSE after correction higher than before correc-
tion.
Discussion and Conclusion: Among the compared methods, the
accumulation-map method gave the best results for low and impor-
tant distortions. For the later, the other methods have shown their
limitations. It is due to the mathematical modeling which is limited
to a certain amount of distortion. One crucial point for the correc-
tion process is the field map. It is generally obtained from a phase
map followed by a phase unwrapping step.
References:
[1] Sekihara K, Kuroda M, Kohno H [1984] Phys. Med. Bio.,
29:15-24.
[2] Weis J, Budinsky L [1990] Magnetic Resonance Imaging, 8:
483-489
[3] Belaroussi B, Zaim-Wadghiri Y, Benoit-Cattin H, Turnbull DH,
Odet C [2004], ISMRM, Kyoto, Japan, in press.

418
Compensation for geometrical distortion in contrast enhanced
whole-body MR Angiography
J. Kullberg, H. Frimmel, L. Johansson; Radiology, ORKI
Uppsala University Hospital, Uppsala, SWEDEN.

Purpose: In contrast enhanced whole-body MR angiography
(MRA) a patient�s main arterial system can be imaged using an op-
timized MR sequence. This sequence scans the whole volume in
only four stations by using a large field of view (450mm) and a
small image overlap. Usage of a large field of view introduces sig-
nificant hardware induced geometrical distortion to the acquired
volume. The purpose of this study was to model this geometrical
distortion and to create a non linear transformation which compen-
sates for it in post processing.
Methods: A special MRA sequence was used on a 1.5T Philips
Gyroscan Intera to acquire the volumes. A two dimensional phan-
tom was constructed and used to image the distortion from this
MRA sequence. Distortion symmetry was assumed in head - feet
direction and rotational symmetry was assumed around the scan-
ners main axis. The phantom was scanned with different orienta-
tions to give all distortion information needed. The geometrical
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distortion was compensated for in the four stations and the final re-
sult was a whole-body volume. The results were evaluated both vi-
sually and by extracting statistical information on the
improvement. The direction change of arteries was measured in
station overlaps. The image continuity was evaluated visually in re-
gions close to station overlaps.
Results: Visual evaluation confirmed an improvement to the
geometry of the resulting volume. The maximum displacement of
data was reduced from 20mm to 4mm. The maximum direction
change of arteries over the borders was reduced from 30 degrees to
10 degrees. The continuity of the imaged organs was evaluated vi-
sually in regions close to station overlaps and was found to have in-
creased.
Conclusion: We have shown that it is possible to compensate for
the geometric distortion in a specific MRA sequence using a two
dimensional phantom and symmetry assumptions. The accuracy of
the symmetry assumptions is of great importance and was found
sufficient for present needs. However the assumed rotational sym-
metry was found not to be ideal, thus using a three dimensional
phantom is recommended for a more accurate result. A rough com-
pensation for the intensity distortion can also be made with this
technique using a phantom. Patient induced distortions are not
compensated for.

419
Fast MRI bias correction
J. Manjon-Herrera1, J. Lull1, A. Navarro1, J. Carbonell1, 
L. Marti-bonmati2, M. Robles1; 1Physics, upv, Valencia, SPAIN,
2Dept. Radiology, Quiron Clinic, Valencia, SPAIN.

Introduction: Quantitative MRI measurements are becoming
more and more useful on clinical basis giving objective informa-
tion in several neurological diseases. In order to obtain relevant in-
formation, data must be pre-processed to remove noise. Non
uniformity noise must be removed to assure a good segmentation
and quantitation. Many methods have been presented in the last
years. In this paper we present a new method for bias correction
based on the fast kmeans clustering which can remove the bias
noise in almost real time.
Subjects and Methods: An RM image can be defined as a bidi-
mensional ligth function as follow:
O(x,y)=T(x,y)B(x,y)
Where O(x,y) is the observed image (measured), T(x,y) is the
image without bias noise and B(x,y) is a smooth multiplicative bias
field.
By appling a logarithmic transformation:
log(O)=log(T)+ log(B)
Log(B) can be then estimated as:
log(B)=log(O)-log(T)
To estimate log(B) we have to find the centroids of each tissue
class. We do this by using a fast kmeans algorithm. The resulting
bias estimation is fitted to a polinomium of 3º degree to assure
smoothness. We subtract the estimated bias to the original logarith-
mic image and iterate this process until the absolute value of the
bias update is minimum (Figure 2).
Results: The method has been tested over brain TSE\PD images
acquired on a 3T magnet. The described method was compared
with FSL, BCFCM and SPM2. Only SPM2 was slightly more ac-
curate but with much higher computation time. Both SPM2 and our
method were able to reduce bias noise in all the cases. Our algo-
rithm found its minimum error in 15 or 20 iterations in all cases. An
example of the method can be seen in figure 1.

Discussion: Although the proposed method is a little bit less accu-
rate than SPM2, it produces acceptable results in less time. This
method can be used to perform an initial guess of the bias field for
more accurate methods, which highly improve its convergence and
computation time. SPM2 filtered our images in a mean of 120 iter-
ations and only 2 with our pre-processed image. Further work will
be necessary to improve the accuracy of the method.

420
Estimation of electrical conductivity tensors in the brain using
biexponential diffusion tensor imaging
M. Sekino1, K. Yamaguchi1, N. Iriguchi2, S. Ueno1; 1Department
of Biomedical Engineering, Graduate School of Medicine,
University of Tokyo, Tokyo, JAPAN, 2Center for Multimedia and
Information Technologies, University of Kumamoto, Kumamoto,
JAPAN.

Introduction: Conductivity distribution in the brain is difficult to
obtain by conventional methods in which currents are applied via
surface electrodes. In this paper, we introduce a method of conduc-
tivity imaging based on biexponential diffusion tensor imaging.
Methods: Diffusion-weighted images of the rat brain were ob-
tained using a 4.7 T MRI system. MPGs were applied in 6 direc-
tions with 4 arrayed b-factors of 0, 1200, 2400, 3600 s/mm2 The
in-plane resolution of the images was 500 µm. The fractional vol-
ume of extracellular space vext and the diffusion coefficient of ex-
tracellular fluid Dext were calculated by the signal attenuation
function S(b)/S(0)= vextexp(-bDext)+(1-vext)exp(-bDint), where
S(b) is the echo signal intensity. Conductivities in each direction
were calculated with the modified Stokes-Einstein relation
σext=rwq2NDext/rikT and the Cole�s model of conduction
σ=2vextσext/(3-vext), (σ: effective conductivity of tissue, σext:
conductivity of extracellular fluid, rw: Stokes radius of water mol-
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ecules, ri: Stokes radius of ions, q: charge of ions, N: density of
ions, k: Boltzmann constant, T: temperature) and three-dimension-
al conductivity tensor was composed.
Results: Figures (a)(b)(c) show images of the eigenvalues of the
conductivity tensor, λ1, λ2, and λ3. Figures (d)(e) show the mean
conductivity MC=(λ1+λ2+λ3)/3 and the fractional anisotropy
FA=(3Σ(λi-MD)2/2Σλi

2)1/2 of the conductivity tensor. The mean
conductivities in the cortex and the corpus callosum were 0.009
S/m and 0.020 S/m, whereas the fractional anisotropies were 0.88
and 0.96, respectively. Since the corpus callosum has highly
anisotropic cellular structures with neuronal axons, the corpus cal-
losum exhibited a significant anisotropy in conductivity.
Discussion: Conventional methods to obtain conductivity distribu-
tions using electrodes provide less accurate measurement of tissue
conductivities when the surrounding tissues such as bones exhibit
extremely low conductivity. The conventional methods have also
difficulties in imaging of anisotropic properties of tissue conductiv-
ity. The proposing method based on MRI has a high spatial resolu-
tion, providing the distribution of conductivity anisotropy, and the
measurement is, in principle, not affected by the surrounding tis-
sues. The proposed method is useful to measure highly anisotropic
conductivity in the brain such as the fibrous neurons in the corpus
callosum.

421
Dynamic Manganese Enhanced (DME) MRI SI processing
based on non-linear mixed modeling to unravel changes in
neuronal activity
M. Verhoye1,2, V. Van Meir1, A. Van der Linden1, J. Serroyen3,
G. Molenberghs3; 1Biomedical Sciences, Bio-Imaging Lab, UA,
Antwerp, BELGIUM, 2Physics, Vision Lab, UA, Antwerp,
BELGIUM, 3Center for Statistics, Biostatistics, LUC, Diepenbeek,
BELGIUM.

Introduction: We recently analyzed the effect of testosterone (T)
on the dynamics of Mn2+ accumulation in RA and area X following
Manganese injection in HVC of female starling with dynamic
MEMRI1. A new approach is presented in which data processing of
dynamic MEMRI is done using a non-linear mixed model assum-
ing that the MEMRI-SI follow a pre-specified distribution depend-
ing on a covariate indicating the time after Manganese injection
and parameterized through a vector of fixed parameters, common
to all subjects, and a vector of subject specific parameters.
Methods:
The MRI data set:
T1-weighted multislice SE images were acquired as described in
Van Meir et al.1. After acquisition of a set of control images,
Manganese was injected in the cannulated HVC and MEMRI of
slices through RA and area X were acquired every 15 minutes up to
7 h after injection.
Non-linear mixed-effects model of Dynamic ME-MRI: 
Changes in relative SI (SIij) were fitted to the non-linear model
(fig. 1) based on a sigmoidal curve with the SAS procedure
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NLMIXED, using maximum likelihood estimation, combined with
adaptive Gaussian quadrature to integrate over the random-effects
distribution2.
Here,Gi is an indicator for group membership (0=control / 1=T-
treated) and Tij is a covariate indicating the time after MnCl2-injec-
tion. Data of a ROI (RA or area X) of all subjects are given as input
for the model estimation. This model gives for each nucleus fixed
effects (�intercept�parameters φ0-η0-τ0-γ0 and �group effect� pa-
rameters φ1-η1-τ1-γ1) and bird-specific effects of the parameters
describing the maximum change of the relative signal intensity, the
time required to reach 50% of this maximum and the n coefficient
that describes the shape of the curve.
Results / Conclusions: This model showed that testosterone differ-
entially affects RA and area X (table 1). Upon testosterone treat-
ment the dynamics of accumulation, reflecting the activity of HVC
neurons, was specifically increased in RA (significant difference
η1). The maximum change in relative signal intensity of area X is
0.13 higher in T-treated birds as compared to controls (significant
difference φ1 ) (fig. 2).
The advantage of this approach is that all data can be used simulta-
neously, thereby making use of the correlation between measure-
ments on the same bird. Overall effects and bird-specific effects
can be separated, leading to more precise estimation methods. This
implies that effects become detectable that otherwise would go un-
noticed.
References:
[1] V. Van Meir, et al. Neuroimage 21:914-923,2004.
[2] J.C. Pinheiro, D.M. Bates, J.Comp.Graph.Statistics 4:12-
35,1995.
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Controlled hyperthermia with MRI-guided focused
ultrasound 
S. Hokland1, R. Salomir2, M. Pedersen1; 1The MR-Research
Center, Clinical Institute, Aarhus University Hospital, University
of Aarhus, Aarhus N, DENMARK, 2U386 - French National
Institute of Health and Medical Research (INSERM), University of
Bordeaux 2, Bordeaux, FRANCE.

Introduction: Hyperthermia is an appealing oncological treatment
since the significant regions of hypoxia contained in most solid tu-
mours are known to be sensitive to the cytotoxic effect of heat.
However, due to the seemingly insurmountable technical difficul-
ties associated with delivering thermal doses sufficient to induce
cellular deactivation thermotherapy is still regarded as an experi-
mental treatment.
In contrast to other thermo-therapeutic modalities Focused
Ultrasound (FUS) may be employed non-invasively to deliver a
highly localized thermal build-up in deep seated regions of the
body, while avoiding damage to healthy tissue. Coupled with the
unique ability to deliver real-time temperature maps afforded by
MRI, the combined modality MRI-FUS offers great potential not
only for exclusive hyperthermia, but in such diverse areas as local-
ized transgene expression using thermo-sensitive promoters and lo-
calized drug delivery using thermo-sensitive micro-carriers.
Subjects: Here we will present some of the recent advances in
MRI-FUS, and their technical background. This will include: 1)
Real-time MRI-thermometry. 2) FUS-technology. 3) Temporal and
Spatial temperature control using MRI-based temperature maps.
Discussion:
MRI-thermometry: Of the various MRI-based thermometers the
temperature dependent chemical shift of the proton resonance fre-
quency (PRF) is the most widely used providing accurate and high
resolution temperature maps. The primary weaknesses of PRF-
based thermometry is the vulnerability to motion-artifacts, baseline
drift and the fact that the PRF in lipids is independent of tempera-
ture.
FUS-technology: At moderate intensities absorption of ultrasound
(US) in tissue results in a local increase in temperature. As in other
wave phenomena the extent of the focal point and penetration
depth are governed by the wavelength. Hence for US it is possible
to body non-invasively position sub-millimeter focal points in deep
seated regions of the.
Temperature Control: Most solid tumours cover volumes larger
than that of the focal region. This problem may be reduced some-
what by deconstructing the tumour volume into a series of parallel
planar regions of interest (ROI), which are treated sequentially. By
employing continuous sonication while moving the focal point
along an inside-out spiral trajectory, the thermal transport may be
exploited to promote a homogenous temperature rise within the
plane ROI with steep temperature gradients at its boundaries.
Covering the ROI by several consecutive spirals individually mod-
ified with respect to applied FUS power and local speed of the focal
point based on the MRI temperature maps, the thermal profile may
be controlled towards a pre-defined spatio-temporal distribution.

423
RF Heating at the tip of pacemaker leads
O. Ferhanoglu1, A. M. El-Sharkawy2, E. Atalar1,3; 1Electrical
and Electronics Engineering, Bilkent University, Ankara,
TURKEY, 2Electrical and Computer Engineering, Johns Hopkins
University, Baltimore, MD, 3Radiology and BME, Johns Hopkins
University, Baltimore, MD.

Introduction: Currently, patients with pacemakers cannot undergo
an MR scan. One of the main reasons for this is the excessive heat-
ing caused by the electromagnetic field concentration around the
pacemaker. The aim of this study was to determine the amount of
excessive heating around the tip of the pacemakers� lead.
Subjects and Methods: Simulation was performed using the elec-
tromagnetic simulation software, FEKO (EMSS, Stellenbosch,
South Africa), to determine the specific absorbtion rate (SAR) and
the SAR gain (amplification of local SAR due to the addition of a
pacemaker, see Figure 1). A homogeneous environment, with the
electromagnetic properties of cardiac muscle cells, was used to rep-
resent the body.

For verification of simulation, an experiment was conducted using
the setup in Figure 2. A GE Signa 1.5T scanner was used to irradi-
ate the gel phantom with radiofrequency power. Two temperature
probes were placed, one at the tip of the lead and the other at a spot
equidistant from the origin of the phantom and away from the pace-
maker. By calculating the ratio of the temperature increase in these
two locations, the SAR gain was determined. This value was com-
pared with the simulation results.

Results: Lead length in the longitudinal direction was selected to
maximize SAR at the tip; in other words, resonant length was en-
sured . In the simulation, SAR gain at the tip was found to be 150.
In two different experiments with varying the distance of the pace-
maker to the surface, SAR gain values of 125 and 175 are obtained,
proving the accuracy of the simulation result within experimental
error.
Discussion and Conclusion: Although there is a very significant
increase in the SAR value due to presence of the pacemakers, the
high perfusion rate of the heart will limit the maximum temperature
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rise. Earlier in vivo studies suggest that temperature rise may not be
high enough to cause tissue damage. It is important to note that this
SAR increase may be significant when the heart is ischemic and the
perfusion level is reduced.

424
Compensation of paramagnetic material properties by dia-
magnetic coating: Theoretical and experimental evaluation of
artifact reduction in MRI
B. Mueller-Bierl, H. Graf, F. Schick, C. Claussen; Diagnostics
Radiology, University Clinic of Tuebingen, Tuebingen, GERMANY.

Introduction: In magnetic resonance imaging, instruments and im-
plants made out of paramagnetic material cause susceptibility arti-
facts. Aim of the presented work is the theoretical and experimental
investigation on reducing artifacts coming from paramagnetic ma-
terial by means of an additional diamagnetic coating.
For the theoretical (numerical) part of the investigation a model
was used based on a decomposition in elementary volume cells of
the object causing artifacts. The results from the model were com-
pared to the known analytical solution for the infinitely long cylin-
der and to results obtained from a 1.5 T Siemens MAGNETOM
whole body imager for a partially coated titanium wire.
Subjects and Methods: If a dia- or paramagnetic material is
brought into an exterior magnetic field, each volume element of the
material weakens, respectively strengthens the exterior field pro-
portional to its strength. As materials, we've chosen Titanium (CHI
= 181.1, paramagnetic) and Bismuth (CHI = 165.0, diamagnetic).
A paramagnetic rod of 8.0 mm length with cross-sectional area 0.8
mm² (1.0 mm diameter) was investigated with a diamagnetic coat-
ing of thickness 0, 0.1, 0.2, 0.3, and 0.4 mm, corresponding to a
cross-sectional area of 0, 0.32, 0.76, 1.28, and 1.76 mm².
For qualitative comparison we compared the artifacts of a titanium
wire perpendicular to the exterior field of diameter 1 mm, partially
coated with 200 µm Bismuth. The probe was measured in a water
bath with a field sensitive (MAGSUS) gradient echo imaging se-
quence.
Results: The numerical simulations correspond very well to the an-
alytical solution for the infinitely long cylinder. The analytical so-
lution (field variation perpendicular to the cylinder in direction of
the exterior field) is shown in Fig. 1 for illustration: Complete com-
pensation occurs for the cross-sectional area of the Titanium is
equal to the cross-sectional area of the Bismuth. This result corre-
sponds with the result from the measurement: The least artifact in
Fig. 2 (left side of the wire) is obtained with coating equal to the
cross-sectional area of the partially coated wire.
Discussion: The presented modeling procedure allows the assess-
ment of artifacts with low effort on time and on material. One
might think of diamagnetic filling of paramagnetic material also, as
e.g. within ablation needles (rf-needles) for better visualization of
the needle tip in interventional MRT.
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MR-safety in a clinical 3T setting: implants and equipment
J. Olsrud1, P. Mannfolk2, F. Ståhlberg2, E. M. Larsson3; 
1MR-department, Lund university hospital, Lund, SWEDEN,
2Department of medical radiation physics, Lund university, Lund,
SWEDEN, 3Department of diagnostic radiology, Lund university,
Lund, SWEDEN.

Introduction: Safety of implants and external equipment at 3T is
currently an important issue as more sites use this field strength and
since there is relatively little safety information and experience. At
Lund University Hospital a 3T head scanner (Siemens Magnetom
Allegra) was installed in January 2002 and a whole body scanner
(Philips Gyroscan Intera 3T) in October 2003. Both are used in
clinical routine and a local safety framework has been developed
accordingly.
Methods: A local safety web site was created, with lists for im-
plants and equipment. For each item/group of items a report from
an MR physicist is written based on current information from man-
ufacturers, literature or local tests at our site. An opinion from a re-
sponsible radiologist is then written and signed, stating if MR
examinations can be performed (Yes/No/Conditions). For items not
yet considered, a procedure is described that will eventually lead to
inclusion in the lists as they occur.
Equipment (e.g. power injector, ventilator, patient monitoring sys-
tem, syringe/infusion pumps) was tested for ferromagnetism, arti-
facts/SNR reduction in MR images and for relevant proper function
(e.g. injected volume). Tests were conducted at a field strength of
either 20 mT or 2 mT depending on statements by the manufactur-
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er, intended use and on the opinion of a medical physicist and a
medical engineer.
Results: Common implants that have been considered and safely
examined so far at 3T at our site are listed in table 1.
Most equipment designed for use in MR environment (some not la-
beled for 3T) was found to be MR compatible, but infusion stands
were modified due to ferromagnetic components. One syringe
pump (not MR compatible) caused artifacts and SNR reduction at
3T although not detected at 1.5T. Several pumps caused artifacts
when connected to the mains but not during battery operation. All
pumps functioned properly at a field strength ≤2 mT.
Discussion/Conclusion: Generally, passive implants considered
safe at 1.5T are presently examined at 3T at our site. Increased at-
tention is paid to patients with possible weakly ferromagnetic im-
plants and it is likely that heating will be of increased concern for
large implants, although we have not experienced any adverse
events. External equipment must be tested separately at 3T due to
the different resonance frequency. Although not considered here,
heating of electrodes needs further attention at 3T, e.g. pacemaker
leads or monitoring equipment not labeled for use at 3T.
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A non-invasive method for obtaining the acoustic frequency
response function for noise reduction
D. Price1, D. McRobbie2,3, J. De Wilde1; 1MagNET, Imperial
College, London, UNITED KINGDOM, 2Radiological Sciences
Unit, Hammersmith Hospitals NHS Trust, London, UNITED
KINGDOM, 3Imaging Sciences, Imperial College, London,
UNITED KINGDOM.

Introduction: One method of acoustic noise control in MRI is to
avoid switching frequencies that excite acoustic resonances in the
gradient coils. This may be termed �acoustic windowing�. Typically
the frequency spectrum of an MR sequence will consist of a funda-
mental frequency at the read gradients' switching frequency and a
series of harmonics (Figure 1). When the fundamental frequency or
one of the harmonics coincides with a resonance there is the poten-
tial for greatly increased noise. To perform acoustic windowing the
frequency response of the gradient coils must be measured. An ex-
ternal signal such as white noise can be applied to the gradient coils
but this can risk damage to the system. For this reason a non-inva-
sive method has been developed.
Methods: The measurements were performed on a Vision 1.5 T
system (Siemens, Erlangen, Germany). Inside the pulse program-
ming environment a gradient waveform was developed based on a
train of 40 lobe sinc pulses. Each had a length of 10 ms and maxi-
mum lobe had a height of 4.7 mT. In the frequency domain this
gave a rectangular pulse of width 3200 Hz. The acoustic noise cre-
ated by the waveform was detected by a microphone (Brüel and

Kjaer, Denmark) placed at the position of the patients� ear. The
noise signal was fed to a FFT analyser (Ono Sokki, Japan). Thirty
pulses were averaged to give the frequency response function for
each coil and acoustic resonances identified.
The effectiveness of acoustic windowing was demonstrated by run-
ning a series of trapezoidal waveforms with frequencies chosen to
place the strongest (5th) harmonic just below, at and just above the
main gradient resonance on the y-gradient coil. The sound pressure
level (SPL) was measured at each frequency with a sound level
meter (Brüel and Kjaer) connected to the microphone.
Results: Figure 2 shows the acoustic response function for the y-
gradient. While at low frequencies background noise is dominant
three main resonances can be seen at about 920 Hz and 2080 Hz
and 3110 Hz. Figure 3 shows the variation of sound pressure level
with the frequency of the 5th harmonic from the trapezoidal wave-
forms. The noise falls off significantly when the harmonic moves
away from the resonance.
Discussion: We have developed a simple non-invasive technique
for measuring the frequency response function which can be used
in the design of pulse sequences to avoid acoustic resonances.
Reference:
[1] Hedeen, Edelstein MRM 37:7-10 (1997)



Interventional, safety, bioeffects

427
MRI compatible Neonate Imaging Sub System (NISS) for Ill
Pre- and Term Infants
T. Loenneker-Lammers1, R. Srinivasan2; 1Marketing & Sales,
LMT Lammers Medical Technology GmbH, Luebeck, GERMANY,
2Marketing & Sales, Advanced Imaging Research Inc., Cleveland,
OH, UNITED STATES.

Abstract: Severely ill pre-term infants hooked to major life sus-
taining and vital signs monitoring equipments are left in the NICU.
A majority are denied clinical interventions performed routinely in
the hospital, as most patients have compromised thermoregulatory,
respiratory and cardiac functions. MR is a versatile tool imaging
the neonate brain and heart. The goal of this research is to evaluate
a system that offer�s life support and improved diagnosis (with cus-
tom RF coils) without compromising the infant care.
Methods: The NISS was assimilated with equipments from sever-
al vendors. The transport incubator was obtained from LMT,
Lubeck, Germany ventilator from Biomed Devices, USA Monitor
from InVivo MDE, USA and custom neonate head and body RF
coils from AIRI, USA. All devices have CE and FDA approval and
are MRI compatible. The entire system was transported between
different hospital sections to check ease of use. The incubator was
tested with custom coils [1-4], other devices were tested by 1.5T
GE, Siemens and Philips MRIs. Image comparisons to the adult
head sized coils were made on 1.5T GE.
Results: The pre-term infant was prepared for transport by a nurse
(with all life sustaining, monitoring lines) in the NICU. The NISS
was easy to maneuvere anywhere within the hospital. Shock ab-
sorbers provided on the wheels and under the incubator cushioned
the infant from any bumps. The ventilator mounted atop the incu-
bator stayed with the patient at all times (Fig. 1). Breathing circuit
and all monitoring leads were untouched after their initial place-
ment by the nurse. Quick connect hoses allowed easy transition
from the tanks on the trolley to the hospital supply lines inside the
MRI room. SpO2 monitoring leads coming out of the portals were
quickly connected to MRI compatible equipment in the scan room.
Custom neonate coils provided roughly a factor between 2.5 to 3
over the GE adult head coil over the neonate brain. A comparison
on the quality of in vivo MRS routinely obtainable with the neonate
head coil over the standard equipment (Fig. 2) shows drastic im-
provement in SNR.
Conclusion: A safe and effective system suited for intra-hospital
transport of the pre-terms is presented. The system� MRI compati-
bility feature allows the powerful diagnostic study to be performed
on the ill neonate without compromising infant care. Enhanced
image qualities are obtainable in possibly reduced scan times.
Future plans are to develop array coils for parallel imaging to fur-
ther enhance image quality.
Reference:
[1] Bluml,S. et al. "MR Imaging of Newborns Using a MR-
Compatible Incubator with Integrated radiofrequency Coils- Initial
Experience", Rad. 2004; 231:594-601
[2] Erberich,S. et al.,"Functional MRI in neonates using neonatal
head coil and MR comaptible incubator", NeuroImage
20(2003):683-692
[3] Withby,E.H. et al.,"Ultrafast Magnetic Resonance Imaging of
the Neonate in a Magnetic Resonance-Compatible Incubator with
Built-in Coil", Pediatrics Vol 113,No2, 2004:150-152
[4] Srinivasan,R. et. al.,"MR Compatible Incubator for Imaging
Pre-and term Neonates", ISMRM 10th Scientific Meeting, Book of
Abstracts, 2002:799
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High Resolution Dosimetry of a very small scaled Electron
Beam by MR-based Polymer Dosimetry 
A. G. Berg1, C. Bayreder1, P. Schmid2, J. Reiterer3, H. Krauss4,
E. Moser1; 1Department for Medical Physics, Medical University
of Vienna, Vienna, AUSTRIA, 2Institut für Krankenhausphysik,
Krankenhaus Lainz, Vienna, AUSTRIA, 3Institut f.
Radioonkologie, Kaiser-Franz-Josef-Spital Wien, Vienna,
AUSTRIA, 4Institut für Radioonkologie, Kaiser-Franz-Josef-Spital
Wien, Vienna, AUSTRIA.

Purpose/Introduction: The advances in modern radiation therapy
aim on focusing irradiation on decreasingly smaller target volumes
of tumor allowing for dose-localization of a few mm3. Ionization
chambers are capable of high-accuracy point measurements but
lack 3-dimensional information about the relative dose distribution
and resolution. Within this contribution we present three-dimen-
sional MR-based data sets on dose around an electron beam of 2
and 1mm diameter in tissue-equivalent surrounding. The extreme
small voxels, two orders of magnitude smaller than usually applied
in MR-based polymer dosimetry have not been reported before for
electron dose. The dose-resolution is investigated using the Dose-
Modulation-Transfer-Function.
Materials and Methods: An oxygen-scavenger (tetrakis-hydroxy-
methyl-phosponium-chloride) is added to the mixture of
methacrylic-acid and gelatin in order to prevent polimerization
suppression. For proving the spatial dose-selectivity an absorption
mask is manufactured consisting of several grids at different spatial
periods down to a/2=280 µm. Very fine electron beams of d1=2mm
and d2=1mm are obtained using small bores in a lead-plate as ab-
sorption mask in an electron-field (Emax=20MeV) generated on a
clinically-used linear-accelerator. The very high spatial dose-reso-
lution (Voxel-size: 199x199x1000µm3) can be achieved using a
whole-body high-field MR-scanner equipped with an additional
strong gradient-system (Gmax=200mT/m) and a small-sized bird-
cage resonator. Dose images are obtained via parameter-selective
T2-imaging (CPMG-sequence: TE=20,40,...400ms, Nav=16) after
calibration.
Results: Dose differences at 560µm spatial separation are clearly
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detected (fig.1). 3D-data sets (40 slices) for the dose distribution of
two electron beams are obtained, one slice of which is shown in
fig.2.

Fig.1 Image of electronic dose at depth of 2 mm. The dose-modula-
tion via absorption-grid is clearly observed down to half-periods of
a/2=525 µm (4 lines in medium grid).

Fig.2 Dose image of two electron beams (d1=2mm (left), d2=1mm)
at 5mm depth (voxel-size: 199x199x1000µm3).
In subsequent deeper slices the sharp edges of the electron-beam
radial distribution softens due to high electronic-scattering until no
dose differences are delineated any more.
Discussion/Conclusion: MR-microimaging based polymer-
dosimetry on normoxic gels allows for planar dose imaging at very
high spatial resolution not available to ionization chambers. By
multi-slice micro-imaging 3D-dosimetry of an electronic pencil
beam is possible, showing clearly the effect of scattering of elec-
trons on the dose distribution. MR-based micro-dosimetry is avail-
able to whole body MR-systems if gradient strength and sensitivity
are increased by strong gradient systems and size adapted detectors.
References:
Berg A, Ertl A, Moser E. High-resolution polymer-gel dosimetry by
parameter-selective MR-microimaging on a whole-body scanner at
3T [2001] Med.Phys.28:833-843.
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RF-interactions with metallic implants and instruments: 1.5 T
versus 3 T
H. Graf, A. Berger, U. A. Lauer, F. Schick; Section on
Experimental Radiology, University Hospital of Tübingen,
Tübingen, GERMANY.

Purpose/Introduction: For different metallic instruments and im-
plants the dependence of effects from RF-metal interaction on the
strength of the polarizing field was studied, analyzing respective
image artifacts.
Subjects and Methods: The following instruments and implants
made of titanium or nitinol were examined at 1.5 T and at 3 T in
phantoms containing Gd-DTPA doped water: a guide wire, biopsies
needles, hip prosthesis, and different vascular stents. Additionally,

copper wires of lengths comparable to the RF wavelength in water
were investigated. Titanium, nitinol and especially copper show
only weak susceptibility artifacts and RF induced effects should
not be covered. Spin-echo (SE) sequences further reduce suscepti-
bility artifacts and additionally show pronounced dependence of
signal intensity on the RF amplitude. SE imaging was applied at
automatic transmitter adjustment VT,auto, but also at manually re-
duced transmitter voltage for the detection of enhanced RF ampli-
tudes close to the metallic part.
Results: At 1.5 T for the copper wires and the guide wire RF-in-
duced artifacts could be detected, e.g. dark zones close to the wires
changed to bright zones, reducing the transmitter voltage (Fig. 1).
At 3 T the effects for the wires became clearly more pronounced
and the close-up range of the wires was still visible at VT,auto/10.
For the biopsies needles, the hip prosthesis and the vascular stents
no RF enhancement was detectable at 1.5 T, whereas at 3 T this was
the case also for these smaller structures (Fig. 2, 3). Stents which
displayed pronounced luminal shielding at 1.5 T revealed marked
RF-enhancement close to their outer surface at 3 T.
Discussion/Conclusion: Effects from RF-metal interaction be-
come more pronounced at higher field strength and respective
image artifacts can occur for smaller objects. For standard MR
compatible implant or instrument materials susceptibility artifacts
may cover RF induced artifacts. However, enlarged RF interaction
with the metallic part at higher field strength is present. It has to be
examined, to what extend local spots in the specific absorption rate
(SAR) can arise, especially for cases in which the conditions for
electromagnetic resonance are fulfilled.

Interventional, safety, bioeffects
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Frequency response of the receiver coil and Nyquist ghosting
in Echo Planar Imaging
I. Delakis, K. Petala, J. De Wilde; Bioengineering, Imperial
College London, London, UNITED KINGDOM.

Introduction: The frequency response characteristic (FRC) de-
scribes the response of the receiver coil to the frequency compo-
nents of the MRI signal. Previous studies identified the role of FRC
in image uniformity and signal intensity [1, 2, 3]. The purpose of
this work was to describe the effect of the FRC on Nyquist ghosting
in Echo Planar Imaging (EPI). The image bandwidth in EPI is larg-
er than most conventional imaging sequences, allowing for FRC
asymmetries to be displayed. Moreover, the MRI signal is reversed
in time when recorded under negative frequency-encode gradients,
thus the effect of the FRC on the MRI signal differs between suc-
cessive k-space lines.
Methodology: Experiments were performed on system A (GE
Signa 1.5 T) and B (Philips Intera 1.5 T) with birdcage, quadrature
head coils. A cylindrical test object (height:21 cm, diameter:20 cm)
filled with water was imaged axially in the isocentre with EPI
(TE=98 ms, TR=1500 ms, matrix (real)=256×256, slice-width=5
mm, FOV=30×30 cm2, bandwidth=[781, 912, 1113] Hz/pixel). The
conductivity of water was increased by adding NaCl in increments
of 0.5 g. This changed the receiver coil�s loading and its FRC. The
impact of changes in the FRC on EPI Nyquist ghosting was also
simulated in IDL (Research systems Inc).
Results: Results show that Nyquist ghosting increases as water
conductivity decreases. This observation is consistent with our sim-
ulation analysis; as water conductivity decreases, coil loading de-
creases and the asymmetry of the FRC with respect to the central
imaging frequency increases. As a result, first-order phase differ-
ences in the frequency-encode direction are introduced, giving rise
to Nyquist ghosting. Nyquist ghosting increases with image band-
width, for reasons explained in the introduction. Figure 1 shows the
ratio on Nyquist ghosting to signal intensity (G/S) for the two sys-
tems, against water conductivity. Nyquist ghosting is stronger on
sytem A than B, a difference attributed to differing coil design.
Conclusions: Simulation and experimental results showed that
Nyquist ghosting increases when imaging bandwidth increases and
the conductivity of the imaged object decreases. The contribution
of the FRC to the formation of Nyquist ghost was also determined
by the design of the receiver coil.
References:
[1] Hoult DI, Richards RE. 1979. Jour. Mag. Res. 34:425-433

S256

[2] Wilkinson ID, McRobbie DW, Lunt JA, Williams JL. 1990,
Eurospin 25:91-103
[3] Simmons A, Tofts PS, Barket GJ, Arridge SR. Br J Radiol.
1998. 71(841):59-67

Figure 1: G/S against water conductivity for the evaluated MRI
systems.
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Measurement of subtle scanner changes using a constant
temperature phantom
J. S. Jackson, D. J. Tozer, P. S. Tofts; Neuroinflamation,
Institute of Neurology, London, UNITED KINGDOM.

Introduction: Subtle signal changes of 1 to 4% have been reported
during continuous imaging of control subjects over 70 minutes [1],
which limits the minimum detectable change due to gadolinium en-
hancement. An investigation into causes of drift necessitates meas-
urements in phantoms where the temperature can be stabilised to
minimise spin-density and relaxation time changes.
Methods: Eurospin T05 gel tubes [2] were insulated within a phe-
nolic foam cylinder [3], shaped to fit inside a loading-ring. Prior to
acquisition, each component was at room temperature. Six flexible
T-type thermocouple probes of 0.2mm wire diameter were posi-
tioned to monitor the phantoms, an internal air cavity, the loading
ring and the scanner bore. Alternating PD weighted (Gradient Echo
TR/TE/Flip-Angle 1500/11/45) and T1 weighted (Spoiled Gradient
Echo 50/11/45) images were acquired repeatedly over 80 minutes.
The temperature at each location was recorded between acquisi-
tions at 10-minute intervals to a precision of 0.1°C.
Results: The test gel temperature rose from 22.9±0.1°C to
23.0±0.1°C (95% Confidence limits (CL)) (figure 1). A tempera-
ture rise of 0.2°C is expected to give a 0.06% decrease in PD
weighted signal. Figure 2 shows percentage changes in PD weight-
ed signal averaged over 4 tubes. The spread of signal drifts seen in
human controls is shown. The mean signal change in phantoms,
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after scanning for 80 min, was 1.0±0.1% (95% CL). The spread of
values is consistent with 0.1% confidence limits estimated from the
signal in air [4].
Conclusions: 
� Phenolic foam insulation limited the temperature variation to less
than 0.2°C
� Thin wire type T thermocouple probes provide precise tempera-
ture measurements without degrading the imaging
� A temperature change of 0.2°C is not sufficient to account for the
observed signal decrease, implying a significant drift in the MR
scanner
� The observed 1% drift using test gels lies just within the 95% CL
of drifts seen for control subjects (1-4%) [1], and could possibly
explain the drift in human subjects.
References:
[1] Soon D, Miller D, 2003, Magnetic Resonance Techniques in
Multiple Sclerosis, 7th Advanced Course
[2] Lerski RA, Certaines JD, 1993, Magn.Reson.Imaging, 11:817-
833
[3] Tofts PS, Personal Communication
[4] Tofts PS, Quantitative MRI of the Brain, John Wiley 2003, page
35.
Acknowledgements: Data for human control subjects supplied by
Dr. Derek Soon
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Physiological cardiac waveform generation and evaluation
S. Khan, J. De Wilde; MagNET, Dept of Bioengineering,
Imperial College London, London, UNITED KINGDOM.

Introduction: Since the introduction of Magnetic Resonance (MR)
into clinical practice, its range of applications has extended vastly.
Cardiovascular MR imaging is now a clinical reality due to techni-
cal advances in MR hardware. Despite these advances, cardiac MR
imaging still suffers from artefacts from respiratory, cardiac and
flow motion. Several motion elimination techniques are available
and significantly reduce motion effects on image quality. There is,
however, a need to quantify the effect of motion under more realis-
tic clinical conditions. The purpose of this work was to test a dy-
namic cardiac MR phantom under simulated cardiac and flow
motion for quantification of motion effects.
Method: A programmed physiological waveform was created from
inflow and outflow data from MR scans of volunteers. Data was
generated from through-plane flow measurements just above mitral
valve and aortic valve. This data was low-pass filtered and scaled
to produce minimal net flow. SimuFlow III was used to program
the volunteer data into a waveform program compatible with the
flow pump (Figure 1). The waveform was initially tested on the
CardioFlow 1000 MR pump at Guy�s Hospital. This waveform was
then scaled down to attain a maximum flow rate of 35ml/s compat-
ible with the CompuFlow 1000 MR flow pump. The dynamic car-
diac MR phantom used has a balloon to replicate the beating heart
and a static ghosting bottle incorporated (Figure 2). The ghosting
bottle was used as a reference for visual quantification of the effect
of motion on image quality. Imaging was performed using a stan-
dard multiple echo, spin echo pulse sequence.
Results: The waveform was successful in producing pulsatile mo-
tion, replicating realistic flow and cardiac motion within the bal-
loon. Testing was performed using a Siemens 1.5T cardiac MR
scanner (Royal Brompton Hospital, London) under two conditions:
in the presence of motion and without motion. In the case of pul-
satile motion, significant ghosting in the phase encode direction
was visualized on the image (Figure 3). Under static condition, im-
ages acquired appeared free of ghosting artefacts. However, chang-
ing the contrast on the images acquired in static mode resulted in
visualization of minimal ghosting (Figure 4).
Discussion/Conclusion: The results achieved indicate that conven-
tional performance assessment testing is inadequate for evaluating
cardiac MR. Accurate quantification of cardiac MR image quality
is best assessed using a dynamic cardiac MR phantom. However,
the flow pump used was incapable of producing high enough flow
rates to fully represent human cardiac and flow motion.



Motion, artefacts, quality control

433
Evaluating image uniformity in MRI: comparison of 3
methods
C. Renaud, I. Delakis, J. De Wilde; Bioengineering, MagNET-
Imperial College London, London, UNITED KINGDOM.

Purpose: Quality control guarantees that MR systems perform ac-
cording to the expected specifications. It ensures the consistency of
the MR system�s performance and the reproducibility of clinical re-
sults in long-term studies. One of the most commonly tested pa-
rameter in quality control programs is, with SNR, the image
uniformity. To date, no standardised evaluation method for unifor-
mity has been established, however for consistency throughout the
literature, one method may have to be recognized. The aim of our
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research was to evaluate the uniformity with the 3 main methods
available and compare the results obtained. The following methods
have been tested: Average Absolute Deviation UAAD (IEC 62312-
1), Peak Deviation UPD (NEMA MS3), and Fractional Uniformity
UFU (MagNET).
Methods: Images were acquired on several 1.5 T scanners from
different manufacturers with quadrature head coils and phased
array body coils. A mineral oil filled test-object was placed central-
ly in the coils and imaged, at the iso-centre of each system, in the
transverse, sagittal and coronal planes. A conventional spin echo
sequence was used: TR=1000 ms, TE=30 ms, matrix=256x256,
slice width=5 mm, FOV=250x250 mm2, NSA=1. The images were
then processed with different programs implemented to model the
uniformity evaluation methods.
Results: As expected all methods showed better uniformity results
for the head coils than for the phased array body coils. To date, the
analysis seems to show that all three methods give approximately
the same ranking when comparing the mean uniformity of all
planes of different images. However their sensitivity and therefore
the range of results over which they extend differs: for example
looking at a particular system, the head coil image uniformity
varies by 9% (UAAD), 21% (UFU), and 32% (UPD) from trans-
verse to coronal planes.
Conclusion: Results showed the difference in sensitivity of each
uniformity evaluation method. The AAD method seems mathemati-
cally the most accurate method in evaluating the uniformity.
However the non-uniformity is not always reflected in the results: a
uniformity of 91% is expected of a quite poor uniform head coil
image. Both PD and FU methods seem more sensitive but may give
false positive or false negative results. To conclude, depending on
which method is adopted, limits of acceptable uniformity may have
to be established in order to assist the user identify satisfactory uni-
formity levels while assessing a system. Future work will include
testing other coils to check the robustness of the evaluation methods.

434
Brain motion measurements using CSPAMM
M. Soellinger, S. Ryf, S. Kozerke, P. Boesiger; Institute for
Biomdedical Engineering, ETH and University Zurich, Zuerich,
SWITZERLAND.

Introduction: The major driving force in CSF pulsation is consid-
ered to be associated with blood flow of the intracranial vessels [1].
The pulsating blood flow causes pulsatile brain motion leading to
CSF pulsation. In order to explore brain motion, several studies
using MR velocity measurements have been presented [2]. It is the
objective of the current work to demonstrate the possibility of di-
rectly measuring displacement of the brain as a function of the car-
diac cycle by using CSPAMM tagging [3].
Methods: For the acquisitions a CSPAMM sequence [3] with sep-
arate tag-line preparation in two orthogonal directions was used.
The number of cardiac phases was chosen such that 120% of the
average R-R interval could be covered. Thereby motion across a
complete cardiac could be tracked and an indirect validation of the
tracking error became possible. For data acquisition a TFE se-
quence was used (turbo factor: 3, TR/TE: 12.5/6.1 ms). The tag-
line distance was 2 mm and the spatial resolution was set to 0.5 mm
at a temporal resolution of ~ 60 ms. Acquiring one sagittal slice
took about 10 minutes. Tissue displacement was quantified using
HARP [4] employing a shutter width of 24 pixels. 
Results: Postprocessing of the tagged data (Fig 1) from 3 healthy
volunteers revealed peak caudal displacement in the region of the



Motion, artefacts, quality control S259

brainstem of 0.193 mm (range: 0.168-0.213 mm) on average de-
creasing towards the frontal lobe (Fig 2). Tracking of motion both
forward and backward in time across 120% of a full cardiac cycle
revealed excellent periodicity with a mean difference in displace-
ment between the first and last frame of the cycle amounting to
(0.023 ± 0.007) mm.

Discussions: It has been demonstrated that displacement measure-
ments in the brain with 2D CSPAMM are possible. Compared to
velocity measurements the direct method avoids errors introduced
by numerical integration of velocity data. The suppression of the
DC signal and reduced tag-line fading with CSPAMM permits the
use of HARP for determining small displacements as found in the
brain. In general applying HARP reduces the effective spatial reso-
lution and therefore displacement values can not be localized at the
spatial scan resolution, but they can be related to a certain region,
as presented in this work.
References:
[1] Alperin, N 1996, Magn. Reson. Med, 35(5):741-54.
[2] Feinberg, D.A.1992, Radiology, 185(3):630-2.
[3] Fischer, S.E., et al.1993, Magn. Reson. Med., 30(2):191-200.
[4] Osman, N.F., et al.1999, Magn. Reson. Med., 42(6):1048-60.
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Metal artifacts provoked by electromagnetic induction
H. Graf, G. Steidle, P. Martirosian, U. A. Lauer, F. Schick;
Section on Experimental Radiology, University Hospital of
Tübingen, Tübingen, GERMANY.

Purpose/Introduction: The analysis of MR image artifacts result-
ing from currents induced in electrically conducting (metallic)
sample parts by the RF electromagnetic fields or due to gradient
switching.
Subjects and Methods: Copper cylinders (L = 70 mm, d1 = 16
mm and d2 = 8 mm) were examined on a 1.5 T MR scanner in
phantoms with Gd-DTPA doped water for a positioning at isocenter
as well as horizontally off-center. The cylinder axis was aligned
parallel and perpendicular to the polarizing field B0. Spin-echo
(SE) as well as gradient echo (GRE) sequences were applied, vary-
ing repetition time TR, echo time TE and read-out bandwidth.
Theoretical simulations for a qualitative understanding of the arti-
fact patterns were performed.
Results: For a positioning at isocenter TR dependent ghosts from
the cylinder�s close-up range were visible in phase-encoding (PE)
direction (Fig. 1a: cylinder axis perpendicular B0, cut at half cylin-
der length). Both sequence types were affected. On a small change
in TR a conversion to band-like PE artifacts occurred. Close to the
metal, RF perturbation together with small phase and amplitude in-
stabilities of the originally applied RF become more pronounced. A
periodic intensity modulation within the different k-space lines
produces distinct ghosts. This fact as well as the artifact patterns
could be reproduced by the theoretical simulations (Fig. 1a, insert-
ed image).
For off-center positioning, effects from gradient switching induced
eddy-currents in the metallic part became dominating, especially
for the larger sample and if the relevant gradient amplitudes were
high (Fig. 1b, c). Correlated, temporarily occurring B0 inhomo-
geneities close to the metal caused characteristic patterns of signal
loss. As the inhomogeneities are non-static the signal loss was visi-
ble also in SE technique (Fig. 1b, inserted image: theoretical simu-
lation, Fig. 1c: comparison to smaller cylinder; inserted image:
measured GRE artifact pattern of the large cylinder).
Discussion/Conclusion: Beyond a certain size, metallic sample
parts can cause special kinds of artifacts due to their electrical con-
ductivity. RF induced effects should become more pronounced for
smaller objects at increased RF frequency, i.e. strength of the polar-
izing field. Gradient switching induced effects might play an essen-
tial role on scanners with high gradient capabilities and for
measurement protocols exhausting the features. The artifact behav-
ior from both effects depends on numerous parameters. For com-
plexly shaped metallic objects as medical instruments/implants a
prediction seems to be very difficult. In the development of fully
MRI compatible implant/instrument materials adherence to high
specific resistance is recommended.
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Acceptance testing of a 3.0 tesla system
G. P. Liney, R. Garcia-Alvarez, P. Gibbs, M. D. Pickles, 
D. J. Manton, L. W. Turnbull; Centre for MR Investigations,
University of Hull, Hull, UNITED KINGDOM.

Introduction: We have recently installed and undertaken accept-
ance testing of a new whole-body capable 3.0 Tesla system. The
work describes in detail the procedures involved and where these
are specifically related to high field.
Methods: All tests were carried out on a G3 GE Signa 3.0 Tesla
scanner using the RF body coil and both a linear and 8-Channel
head coil. Tests included fringe field verification plus measure-
ments of signal and contrast-to-noise ratio (SNR, CNR), ghosting
(GSR, GNR), and uniformity for each orthogonal plane. For the
majority of the tests a standard spin-echo sequence was acquired
(TE/TR=30/1000 ms 256 matrix, 5 mm thick). Spherical head and
body phantoms were used together with an all-in-one test object
(HullSpin), which was constructed in-house. This consisted of a
cylinder with a flood-fill area and glass inserts to permit the meas-
urement of slice profile, resolution and distortion, and filled with
gadolinium-doped polydimethylsiloxane (Sigma Chemicals),
which has a much lower dielectric constant compared to water.
Slice profile measurements were taken for a range of nominal slice
thicknesses (1-5 mm). CNR values were investiagted using differ-
ently doped oils and compared at 1.5 Tesla. A single-shot EPI se-
quence was acquired using the head sphere and a standard fMRI
protocol (TE/TR = 30/3000 ms, 64 matrix and 60 phases).
Ghosting and signal stability was investigated. In addition, pixel
fluctuation was assessed for various regions of interest.

Figures: (a) standing wave artefact observed in a water-filled
phantom creates severe inhomogeneity, which is rectified (b) by
using an appropriate filling material. (c) HullSpin �all-in-one' test
object, and (d) resulting intensity profile through the resolution
bars.
Results: The 8-channel RF coil demonstrated superior SNR but
poorer uniformity compared to the other two coils (81% & 98%).
CNR and SNR values varied from between 0.5 and 2.5. Slice pro-
files were within 10 % of nominal values. Distortion was worse
with gradient echo sequences but all values were within tolerance
(< 0.3%). GSR on conventional images was poorer than at 1.5
Tesla (0.01-0.03). Signal stability on EPI images was comparable
with values at 1.5 Tesla (±0.5%, Fn= 0.00014) and ghosting was
considerably lower (1.5%), with the linear coil performing best and
demonstrating the least distortion.
Discussion: This work provides a useful baseline with which to
compare future quality assurance results and thereby identify po-
tential problems with system performance, and may benefit anyone
attempting to perform similar tests on newly installed high field
systems.
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Volumetry of the spleen obtained by Magnetic Resonance
Imaging
M. A. Bertoni1,2, N. E. Sclavi1; 1Radiology, La Sagrada
Familia, Bahia Blanca, ARGENTINA, 2Radiology, Calderdale
Royal Hospital and Huddersfield Royal Infirmary, Huddersfield,
UNITED KINGDOM.

Purpose: To evaluate the relationship between volumetry of the
spleen and sex, weight and height in a series of 465 normal pa-
tients.
Materials and Methods: In a period of 24 months, the records of
465 patients with no evidence of haemopoietic disorders who un-
derwent an MR examination of the abdomen, were selected and re-
viewed retieving all three maximum diameters of the spleen on the
coronal, sagittal and axial planes at the level of the hilum, which
were tabled as independent variables. Volumen calculations of the
spleen, body mass index and corrected surface index were also
tabled. Dependent variables were age, height and sex. �Forward
Stepwise� multiple regressions were performed and independient
analyses for both sexes were also performed.
Results: Regression between weight, height and age, as dependent,
and craneocaudal diameter of the spleen, as independent, was
found with R =0,6374; R2=0,4063; F(3,461)=105,16; p<0.05
Means were: 41,2 years for age (SD 18.64); 68.38 kg for weight
(SD 17.09); 163cm for height (SD15.21) and 9.98cm for the maxi-
mum diameter of the spleen obtained on the coronal plane (SD
1.41).
The predicted vs.residual scores plot was acceptable.
Regression parametres increase their value if the variables �age�,
�weight� and �height� are transformed into logarithms, showing
R=0.6721; R2=0.4491; F(3,462)=125.58
Males showed regresión between weight and craneocaudal diame-
ter of the spleen (R=0.6518; R2=0.4248; F(3,124)=30.53) while in
females regression was found between height, weight and age, as
dependent, and craneocaudal diameter of the spleen as independent
variable (R=0.5679; R2=0.3225; F(3,333)=52.85)
No other regression models were obtained among variables.
Conclusion:
· The craneocaudal diameter of the spleen was predictable in 40%
of the patients in our series, while a wide variation was seen for
both sexes
· Spleen�s longitudinal diameter in males is more predictable when
weight is considered as dependent variable
· Height, weight and age are to be considered in females, but their
ability in predicting the craneocaudal diameter of the spleen is less
accurate
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Sensitive and accurate magnetic susceptibility measurements,
a comparison between MRI and MRS
Å. Carlsson1,2, G. Starck1,2, M. Ljungberg1,2, S. Ekholm3, 
E. Forssell-Aronsson1,2; 1Radiation Physics, Göteborg University,
Göteborg, SWEDEN, 2Medical Physics and Biomedical
Engineering, Sahlgrenska University Hospital, Göteborg,
SWEDEN, 3Radiology, University of Rochester, Rochester, NY,
UNITED STATES.

Introduction: Susceptibility differences can cause problems in
both MRI and MRS. Being able to determine the susceptibility for
phantom and implant materials gives a possibility to minimize arte-
facts in advance. This can be of increased importance as the trend
for clinical MR is towards higher field strength, which leads to
larger susceptibility effects.
The volume susceptibility for liquids can be determined with high
accuracy using the susceptibility-induced shift in resonance fre-
quency at MRS[2]. However, phantoms are often made of plastics
or other solids and the MRS-method is not always applicable.
Instead a MRI-method can be used. Then not the sample itself, but
the effect it has on a reference liquid is utilized[1]. The sensitivity
of the MRI-method can be increased using an EPI sequence and
model fitting for evaluation[3].
Aim: To compare susceptibility measurements performed with the
improved MRI-method with the well-established MRS-method.
Methods :All measurements were performed in a head coil at 1.5 T
with CuSO4-solutions (concentrations≤434 mM) as samples.
MRI: Phantom: 290 mm long coaxial circular cylinder (∅outer:
70.5 mm, reference: distilled water; central glass tube: ∅outer:
20.0 mm, ∅inner: 17.1 mm). Sequence: SE-EPI (phase encoding:
0.080 mT/m). Evaluation: model fitting. The susceptibility distur-
bance on the phase encoding was calculated and a simulated image
constructed. The susceptibility was obtained by fitting the simulat-
ed image to the experimental[3].
MRS: Non-volume selective. Bandwidth 1500 Hz, 4096 samples
(susceptibility sensitivity 0.01 ppm) Phantom: two perpendicular
test tubes (175 mm long; ∅inner: 4 mm), longitudinal and transver-
sal to B0. Evaluation: jMRUI[4].
Results: Figure 1 shows a good agreement between both MRS and
EPI and the unity line. With EPI a susceptibility difference smaller
than 0.003 ppm was accurately determined. MRS yielded a some-
what higher precision, but could not be used for samples with T2
shorter than 4 ms, due to too large peak overlap.
Discussion: Both MRI and MRS were easy to use. Even though
MRS gave a somewhat higher precision than MRI the results were
comparable. MRS could not be used for other samples than signal-
giving liquids, whereas MRI could be used for all types of samples;
the inner glass tube, plastic rods and air were also measured.
Acknowledgements:
Swedish Research Council (14039) and the Lundberg Foundation.
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Aplication of Magnetic Resonance Imaging in caries detection
M. M. Tanasiewicz1, W. P. Weglarz2, T. W. Kupka1, 
E. Machaj3, A. Jasinski3; 1Department of Preclinical Dentistry,
Medical University of Silesia, Bytom, POLAND, 2Department of
Magnetic Resonance, Institute of Nuclear Physics, Kraków,
POLAND, 3Department of Magnetic Resonance, Institute of
Nuclear Physics, Kraków, POLAND.

Introduction: MRI has been used in the research of the healthy
and decayed teeth during last decade [1,2,3,4]. Several papers were
presented showing usefulness of spin echo and gradient echo imag-
ing, Single Point Imaging, SPRITE and STRAFI techniques for vi-
sualization of the dental surface geometry as well as for distinction
between soft tissue (pulp) and mineralized tissue (enamel, dentine
and root cement) in the extracted teeth. Recently, MRI was used for
estimation of the facial bone structure, in preparation to implanta-
tion, localisation of the tumor in the facial bone tissue, and in detec-
tion of the osteoporosis.
The aim of this work was to investigate potential of MRI for detec-
tion and estimation of the caries, on the level of laboratory pre-clin-
ical tests. This work was done within the project to develop
original, MRI based diagnostic technique for dentistry needs.
Subject and Methods: Experiments were performed on the set of
7 decayed extracted human teeth (impossible conservative thera-
py), with different level of decay each; material from Dept. Dental
Surgery MUS. After extraction teeth were stored in saline.
Measurements were done in MR Tomography Lab INP. Prior to the
experiment, teeth were degassed to minimize magnetic susceptibil-
ity artifacts. A 3D spin echo pulse sequence on the 4.7 T research
MRI system, equipped with Maran DRX console, and dedicated
home-built probehead, was used to obtain three dimensional im-
ages of the teeth.
Results: Images with maximal resolution contain 256x128x128 vox-
els with dimension of the 60x120x160 µm3. High intensity signal
from water penetrated into the porous decayed regions of teeth, con-
trasted with lack of signal from mineralized tooth tissue, allow for vi-
sualisation of the presence and extent of caries. In the figure the photo
image of one of the decayed tooth, together with selected cross-sec-
tions through 3D MR data showing extent of decay are shown.
Conclusions: Presented results show possibility of MR imaging of
the caries in teeth. The challenges in transferring this technique into
in vivo conditions in present stage are: speeding up data collection
and construction of dedicated hardware.
Acknowledgements: Supported by Grant no. 2 P05C 069 26 from
State Committee for Scientific Research (KBN) of Poland.
References:
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[2] Chudek J.A., et.al. Proc. VIth ICMRM, Glasgow, 2001.
[3] Tanasiewicz M., et.al. Stomatologia wspólczesna, 5, 9-
16(2002).
[4] Weglarz W.P., et.al. Solid State NMR, 25, 84-87(2004).
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Ergometer for skeletal muscle exercise in experiments using
NMR Spectroscopy 
J. Kibinski1, Z. Nieckarz2; 1Magnetic Resonance Dept., Institute
of Nuclear Physics, Krakow, POLAND, 2Institute of Physics,
Jagiellonian University, Krakow, POLAND.

Ergometer construction: A block diagram of the ergometer is
shown in Fig.1and its simplified mechanics in Fig. 2.
A superconductive 4.7 Tesla horozontal magnet of 310 mm bore is
used for MRS. The bore diameter is reduced to 250 mm by shim
coils.
Solutions, necessary in MRS experiments and improving accuracy,
are applied to the ergometer:
- No ferromagnetic or moving metal parts are used inside the
shielding chamber, made of 30 mm steel.
- Measurement errors produced by the inertial forces, friction force
and mechanical link compliance are reduced.
Operation: The force, resisting a muscle is produced by a bunch of
rubber cables; the force value can be widely changed: from coarse -
changing number of cables, throught fine - adjusting the prelimi-
nary tension. The preliminary tension is registered by computer at
the beginning of the experiment and directly read from dynamome-
ter display. If isometric force is only measured, rubber cables are
replaced with a 6mm steel cable. The mechanism, presented in Fig.
2, ensures a low dependence of force on displacement.
The dynamometer presents a tensometer transducer placed on tor-
sional steel shaft. Tensometers are connected to the electronics,
generating analog voltage proportional to the force. The motion of
the pedal or handle drives the reel coupled with the 10-bit angle-to-
digit converter.
Both meters are served by a multi-purpose PC card, including a 12-
bit ADC fed by voltage from a dynamometer and a 16-bit digital
input port for an angle converter.
The computer is equipped with specially designed software work-
ing under Microsoft Windows 98 ä or a higher system.
The online screen operates during the experiment, displaying force
and movement. Display time scale can be widely selected, from ca
1 s corresponding to one cycle up to the whole experiment period.
Results: Experiments of gastrocnemius and forearm muscles has
been performed using the ergometer. As 250 mm internal diameter
of the magnet limits movement of foot driven pedal, forearm mus-
cles exercise using pulled handle is preferred if maximum strain of
the muscle is required. Sample of processed data including average
power and mechanical work measured during forearm exercise is
presented in Fig. 3.
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Fig.1 Hardware setup.

Fig.2 Simplified mechanics setup.

Fig.3 Sample of forearm exercise experiment data.



Methodology: Other S263

441
Effect of bipolar gradient ramp-times in dynamic MR-
Elastography
P. Siegler, L. R. Schad; Biophysics and Medical Radiation
Physics, German Cancer Research Center (dkfz), Heidelberg,
GERMANY.

Introduction: MR-elastography (MRE) is a technique for imaging
the elasticity of tissue [1]. In dynamic MRE, the images of mechan-
ical wave propagation are acquired. The local wave-length is relat-
ed to the elasticity. Oscillating bipolar gradients are used for the
acquisition of the wave-images. These gradients are normally as-
sumed to be rectangular shaped, which can not be realized on MR-
scanners. In this work, the effect of the ramp-times for dynamic
MRE was investigated.
Materials and Methods: The phase equation for rectangular bipo-
lar gradients has to be expanded by a correction factor to consider
the additional gradient ramp time:

where γ is the gyromagnetic ratio, N the number and Gb amplitude
of the bipolar gradients, R the reciprocal slew rate, k the wave vec-
tor, ω the angular frequency, ϕ an initial phase-offset and ξ0 the
displacement amplitude of the mechanical wave.
In experiments shear waves were generated by an electromagnetic
actuator [2]. The oscillating bipolar gradients were added to a
FLASH-sequence (N/Gb/TE/TR=3/22mT/m/30ms/60ms,
FOV=160mm, 8 acquisitions per image, 128×128 matrix, 5mm
slice thickness). R was increased in steps of 5m·µs/mT from
Rmin=20m·µs/mT to Rmax=55m·µs/mT.

Figure 1: Images of the shear waves with rising reciprocal slew
rate R. The shape of the shear waves is not changing but the ampli-
tude of the phase is decreased with increasing R.
Results: The reciprocal slew rate has no effect on the wave images
topology (see figure 1). But the phase amplitude is reduced (see
figure 2a). If the phases are divided by the corresponding correc-
tion factor, the idealised phase values, which are expected with rec-
tangular bipolar gradients, are achieved (see figure 2b).

Figure 2: a) Vertical profile through the wave images shown in fig-
ure 1. The phase amplitude decreases with increasing R. b)
Coincidence of the lines can be achieved by dividing the phases by
the corresponding correction term.
Discussion: The dependency of the phase amplitude on the recip-
rocal slew rate has no effect on the determination of the elasticity
but causes an additional reduction of the motion sensitivity at high
frequencies. In consequence, the general results of dynamic MRE
are independent from the used MR-system. For displacement quan-
tification the correction factor has to be considered.
References:
[1] Muthupillai R et al., Magnetic Resonance Elastography by
Direct Visualization of Propating Acoustic Waves,
Science 269:1854-1857(1995)
[2] Braun J et al., Electromagnetic Actuator for Generating
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Magn Reson Imag 19:703-713(2003)

442
Chemical Shift Micro-Imaging of subcutaneous lesions 
J. Weis1,2, G. Åström1, H. Ahlström1, A. Wanders3, B. Vinnars4;
1Radiology, Uppsala University Hospital, Uppsala, SWEDEN,
2Medical Informatics and Bioengineering, Uppsala University
Hospital, Uppsala, SWEDEN, 3Pathology, Uppsala University
Hospital, Uppsala, SWEDEN, 4Hand Surgery, Uppsala University
Hospital, Uppsala, SWEDEN.

Purpose/Introduction: A serious problem in standard MR micro-
imaging in vivo is the large chemical shift artifacts (~ 6 pixels and
more) as a consequence of the narrow bandwidth. In most previous
studies of the human skin and finger are these artifacts ignored. The
objective of this work is to introduce a chemical shift imaging
method to study subcutaneous lesions: a tenosynovial giant cell
tumor (TGCT) and an epidermal cyst (EC). A significant feature of
this approach is chemical shift artifact-free imaging.
Subjects and Methods: Two females were suffering from TGCT
and EC, respectively. TGCT was located in the right forefinger, EC
on the back. The measurements were performed on a Philips
Gyroscan NT system (1.5 T). A standard circular (23 mm) receiver
coil was used. The chemical shift imaging technique consisted of a
2D, RF spoiled gradient echo sequence in a partial echo version
(partial factor = 0.625). The spectral information was encoded by
incrementing the echo time of the subsequent 8 image records
(∆TE/TE1/TR = 1.3/11/46 ms). The resolution in plane was
0.10x0.13 mm, slice thickness 0.5 mm. Measurements were per-
formed with water/fat shift of 6 pixels (bandwidth per pixel 36.27
Hz). The measurement time was 2 minutes and 21 seconds per slice
(2 acquisitions). The data matrix was corrected for chemical shift
artifacts using a first-order phase correction.
Results: Chemical shift artifact-free images (Fig. A, B), pure fat
and water images (Fig. C, D) were computed by integrating the
water and fat voxel spectral lines. The TGCT reveals signal intensi-
ty and clear delineation (Fig. A, C). Other small structures can be
seen as well: trabecular bone, epidermal cell layers, dermis. The
EC (Φ = 1 cm) is well depicted as well as the epidermal cells in epi-
dermis and dermis (Fig. B, D). Also the subcutaneous interlobular
septations between fat lobuli and the deep subcutaneous fascia are
well seen.
Discussion/Conclusion: This work confirms the high diagnostic
potential of chemical shift micro-imaging of small subcutaneous
lesions in vivo. A significant feature of the described method is an
improvement of the signal-to-noise ratio by narrowing the receiver
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bandwidth without the undesired consequence of chemical shift ar-
tifacts.
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Absolute internal thermometry in MRI phantoms using 1H
MRS to sub-degree level precision
R. S. Samson1, J. S. Thornton2, C. A. M. Wheeler-Kingshott1,
M. A. McLean3, S. C. R. Williams4, P. S. Tofts1; 1NMR
Research Unit, Institute of Neurology, London, UNITED KING-
DOM, 2Neuroradiology, National Hospital for Neurology and
Neurosurgery, London, UNITED KINGDOM, 3MRI Unit, National
Society for Epilepsy and Epilepsy Research Group, Chalfont St
Peter, Buckinghamshire, UNITED KINGDOM, 4MRI Group,
Institute of Psychiatry, London, UNITED KINGDOM.

Introduction: Many MR properties (e.g. T1, T2, D, MT) are tem-
perature dependent, thus temperature should ideally be known to
within 0.3°C (1). Following a feasibility study using in-vitro NAA
solutions, 1H-MRS chemical shift (CS) measurements of water
with respect to the temperature-stable reference compound DSS
(sodium 2,2-dimethyl-2-silapentane-5-sulfonate) were fitted to a
linear model. Therefore absolute internal thermometry could be de-
veloped for phantoms.
Methods: Proton PRESS non-water-suppressed spectra were ac-
quired on a 1.5T GE Signa scanner with TR=3s, 96 scans, 8 NEX,
VOI size 2.30cmx2.02cmx1.50cm, TE=30ms and TE=144ms, for
60mM aqueous DSS solutions in an insulating �enclosure� with
time constant ~10-20hrs (unpublished data). At each of 5 tempera-
tures (T), 2 acquisitions were made (without pre-scanning, reposi-
tioning or shimming to keep gains constant). The water-DSS CS
difference was estimated in the frequency domain, the standard de-
viation (SD) of the signed difference used to estimate the SD of a
single CS measurement (2), and linear regression performed to de-
termine the T-CS relationship.
10 acquisitions were performed of a 250mM DSS sample sub-
merged in water at room temperature as above (TE=30ms), the
number of averages varied, and the maximum variation between
scans (with pre-scanning, repositioning and shimming) estimated.
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Results:

Linear regression yielded T = 489.38 - 97.31 CS (T in °C, CS in
ppm). The estimated SD for a single measurement was 0.13°C.
10 acquisitions of the 250mM DSS sample at room temperature (96
scans) gave SD=0.23°C, and SDs did not exhibit the expected pro-
portionality to (no. of scans)-1/2, indicating the presence of addition-
al variation contributions than noise, although the small number of
samples resulted in large uncertainties in estimating the SD. Other
possible contributing factors include temperature fluctuations, pre-
scanning, repositioning and shimming.
Discussion and Conclusions:
1. Internal thermometry to within 0.3°C in phantoms using the
DSS-water CS is potentially possible, with minimum detectable
temperature differences with and without pre-scanning, reposition-
ing and shimming of 0.26°C and 0.45°C, respectively.
2. The use of an insulating �enclosure� significantly reduced varia-
tion due to temperature fluctuations, improving the repeatability of
temperature measurements.
3. Optimisation of acquisition parameters and spectral processing
strategies (3) may improve precision.
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Small animal at 7T versus human or small animal MRI at
1.5T: spatial resolution and signal to noise ratio comparison
O. Beuf, H. Saint-Jalmes, C. Armenean; Université Claude
Bernard LYON1, CPE, Laboratoire de RMN-MIB, CNRS UMR
5012, Villeurbanne, FRANCE.

Purpose/Introduction: The growing interest in non-invasive MRI
small animal studies raises the question: are dedicated systems ap-
propriated compared to clinical MRI systems? Comparison was
carried out by taking into account spatial resolution and signal-to-
noise ratio (SNR) issues. SNR was experimentally assessed on a
phantom and on rat brain at 1.5T and 7T with 25mm surface coil.
Finally brain images obtained respectively from rat on a 7T MRI
system, and a human obtained on a clinical 1.5T scanner were com-
pared.
Subjects and Methods: A straightforward but very optimistic
comparison of SNR can be carried out considering an organ fitting
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exactly in a single loop RF receiving coil of diameter d.
Considering the elementary volume Vvoxel in a magnetic field B0,
the efficiency of the RF coil is given by the B1 field produced by
unit current I at the volume of interest P. The resistance R gives the
total losses, and the SNR is propotional to B0

2VvoxelB1(P)/(IR1/2).
At the center of a single loop RF coil of diameter d we have the fol-
lowing relation: B1(P)/I α 1/d. Assuming that magnetic losses in
the studied organ are predominant (human head at 1.5T and rat
head for higher fields), the resistance R is evaluated as leading to
SNR α B0 d

1/2. T2-weighted TSE sequence was performed on a clin-
ical 1.5T Symphony system and a small animal 7T Biospec system.
MR experiments on same phantom and rat brain were performed
with same geometric parameters using 25mm diameter surface
coil. Brain examination on a volunteer at 1.5T using a quadrature
detection head coil and rat brain at 7T using surface coil were com-
pared.
Results: SNR corrected for received bandwidth and scan time is
higher on images acquired at 7T. However, SNR gain is far from
expected and determined theoretically (factor between 0.3 and 0.7,
depending on T1 and T2 values). SNR measured in ventricles was
respectively 80 and 83 on human and rat. SNR in white matter was
respectively 20 and 23. With experimental parameters used, the
corrected ratio between SNR with human over SNR with rat gives
a substantial advantage to human experiments regarding the voxel
size and magnetic field.
Discussion/Conclusion: For these experiments, SNR ratio meas-
urements fell far from theoretical derivations with advantage to
clinical system. As expected, other parameters (T1, T2, chemical
shift, susceptibility...) must be considered as well as the flexibility
and reliability of MRI systems to explain the image quality.
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A low-cost MRI compatible computer mouse
M. Richter1, K. Behnke1, P. Hutter1, C. Yee-Chan2, 
A. Dettwiler1, W. Richter3; 1Psychology, Princeton University,
Princeton, NJ, 2Chemical Engineering, Princeton University,
Princeton, NJ, 3Chemistry, Princeton University, Princeton, NJ.

Introduction: In many fMRI experiments, it is desirable to record
subject behavior. For this purpose, numerous MRI compatible de-
vices have been developed, such as button pads, joysticks, and key-
boards. We have developed a low-cost MRI compatible computer
mouse which has the additional advantage that it can be used to
record gross hand movement.
Experimental Methods: The MRI mouse was constructed from a
commercial nonmagnetic mouse. We surrounded the device with
electrically conductive fabric to form a permanent radio frequency
(RF) seal around the device. The mouse was connected to a com-
puter outside the scanner room by a series of shielded USB cables
through a filter in the penetration panel. By implementing these two
RF suppression techniques, artefacts were removed (Fig. 1). We
tested the mouse in phantom and human studies using our Siemens
Allegra 3T Head MRI system. Imaging parameters: EPI, TR=3000
ms, TE=30 ms, matrix = 64x64x25, FOV=192x192x82 mm3.
Phantom study: We performed a block-design experiment consist-
ing of �control� and �activation� conditions. In the control condi-
tion, an operator, standing just outside the magnet bore, moved an
inert object at the same location where a subject would hold the
mouse. In the activation condition, the operator moved the mouse
in the same manner. For comparison, we performed an identical
baseline experiment in which there was no mouse in the scanner
room (Fig. 2).

Human study: We performed a block-design experiment consist-
ing of a control condition in which there was no movement and an
activation condition in which the subject used the mouse to move a
cursor to a series of targets. For comparison, we performed a base-
line experiment in which the subject moved an inert object during
the activation condition.
Results: The figures below show gradient echo localizer images
without (left) and with (right) the shield; a comparison of brain ac-
tivation upon movement of an inert object (top) and the mouse(bot-
tom); and a histogram of t-values comparing movement of the
mouse (green) and baseline (blue). The shielded mouse performs
well and does not introduce artefacts.
Conclusion: We constructed a low-cost (< $250) MRI compatible
mouse. The operation of the mouse does not interfere with anatom-
ic or functional imaging, and the trajectory of the mouse can be
recorded in time and space. This is useful in motor studies and in
experiments in which the mouse is the preferred response device.
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MRI based assessment of the biomechanical properties of the
human rectal wall
A. Bergmann1, J. B. Frøkjær1,2, D. Liao2,3, B. P. McMahon2,3, 
E. Steffensen1, A. M. Drewes2,3, H. Gregersen2,3; 1Dept. of
Radiology, Aalborg Hospital, Aalborg, DENMARK, 2Center for
Visceral Biomechanics and Pain, Aalborg Hospital, Aalborg,
DENMARK, 3Center for Sensory-Motor Interaction, Aalborg
University, Aalborg, DENMARK.

Introduction: The biomechanical properties of the human gas-
trointestinal tract are important topics to investigate in order to
achieve better understanding of the specific mechanism underlying
symptoms in varying gastrointestinal disorders. To achieve more
information about the biomechanics, more knowledge of the distri-
bution of parameters such as stress, strain and tension in the gut
wall will be valuable. MRI of the human rectum can be used exper-
imentally in describing this distribution by means of a three-dimen-
sional (3D) model. In such a model tension and stress can be
determined using bag distension, a derivation of the law of Laplace
and the 3D geometry of the rectum under equilibrium conditions.
The objective of the present study was to develop a MRI based an-
alytical method to describe the 3D geometry of the human rectal
wall.
Subjects and Methods: A special-designed bag was positioned in-
side the rectal ampulla of three healthy volunteers. Simultaneous
with high quality image acquisition using a 1.5 T MRI scanner,
stepwise distensions of the bag with 50 ml were performed ending
with a volume of 300 ml of water. The pressure was continuously
recorded using a perfused manometry system. Finally the achieved
axial and sagittal T2-weighted images were analyzed by identify-
ing the inner and outer contours of the rectal wall semi-automati-
cally. 3D models of the curvatures, radii and tensions were
generated applying the law of Laplace.
Results: The spatial distributions of principal curvatures, radii of
the curvatures and tensions were non-homogeneous in the rectal
wall due to its complex geometry. The figure shows circumferential
radii of curvatures in a 3D model of the human rectum when dis-
tended to a pressure of 40 cmH2O (axis in millimeters, red color in-
dicates a high radius of curvature).
Conclusion: The present study indicates that a clinical imaging
modality such as MRI is very useful in developing an analytical
method for characterizing the complex in-vivo 3D geometry of hol-
low viscera in humans. Hence the human rectum is an example of
the non-homogenous distribution of the spatial curvatures. This
documents that 3D modeling based on MRI is of major value in
studying the mechano-sensory properties of the rectum.
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EPI monitoring of alginate gelling process. A comparison with
rheology
B. de Celis Alonso1, P. Rayment2, S. Ablett2, P. Gowland1, 
L. Marciani1, R. Spiller3; 1Sir Peter Mansfield Magnetic
Resonance Centre, Nottingham Univeristy, Nottingham, UNITED
KINGDOM, 2Colworth R&D, Unilever, Sharnbrook, UNITED
KINGDOM, 3Gastroenterology, Queens Medical Centre,
Nottingham, UNITED KINGDOM.

Introduction: Alginate solutions are widely used in the food and
chemical industry. These systems gel in the presence of divalent
cations or at low pH forming either relatively strong ionic gels, or
weaker acid gels. Our aim was to determine the relationship be-
tween the rheological properties of the gel (characterized by the
storage modulus (G�) which measures the elasticity of the system)
and the NMR T2 parameter, to determine the potential of MRI to
provide a non-invasive method of monitoring gel formation both
in-vivo and in-vitro.
Method:
Gel formation: Four different mixtures were created at high (1.5%)
and low (0.75%) concentration of Manugel: Acid gel: Manugel +
14% Glucono-delta-lactone (GDL- a soluble source of protons
used to ensure uniform gel formation), and Ionic gel: Manugel +
GDL + TCP (Tricalcium-phosphate as an ion source). Samples
were studied at 37oC.
MRI: Gels were scanned during the gelation process using a 0.5T
spectrometer with CPMG sequences every minute for 24 hours.
The data was fitted to mono-exponential T2 using commercial soft-
ware.
Rheology: G� was monitored over 24h. A dynamic time sweep was
performed on a rheometer at a stress of 0.1 Pa and an oscillating
frequency of 1 s-1.
Results: Figure 1 represents changes in T2 with time and figure 2
shows changes of G� with time, both over 24h
Discussion: The early G� time courses (Fig.1) indicated that the
acid gels formed within 30 minutes with no significant change in
the subsequent 23 hours. On the other hand ionic gels took 30 min-
utes to demonstrate observable gelation and changes were still pro-
ceeding at 24 hours.
Comparing Fig.1 and Fig.2, it can be seen that G� and T2 evolve in
a similar way with time. Plots of G� vs. 1/T2 show an approximate-
ly linear relationship for each gel type. In this concentration range
the T2 of the gel is dominated by gel concentration whereas the G�
of the gel is dominated by the gel type.
Conclusions: For any alginate solution, G� and T2 show similar
trends during the gelation process suggesting that MRI may be
used as a non invasive method of studying the process. However it
was not possible to use T2 to separate acid and ionic gels. Future
work will aim to relate the MRI properties of the different gel sys-
tems to their known molecular structure.
Acknowledgements: We thank BBSRC (Ref.07745) and Unilever
for their support.
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Behavior of water molecules in magnetically oriented
structure of a collagen gel
M. Takeuchi1, M. Sekino1, N. Iriguchi2, S. Ueno1; 1Department
of Biomedical Engineering,Graduate School of Medicine,
University of Tokyo, Tokyo, JAPAN, 2Center for Multimedia and
Information Technologies, University of Kumamoto, Kumamoto,
JAPAN.

Introduction: Although many studies have reported that the trans-
verse (T2) relaxation and diffusion of protons in water molecules
are affected by bonding interactions between water molecules and
surrounding macromolecules [1,2,3], it is largely unknown how di-
rectionality in macromolecular structures affects T2 relaxation and
diffusion. In a previous study, we investigated the effect of direc-
tionality in the fiber structures on T2 relaxation of a fibrin gel [4].
In order to investigate the effect of directionality in the fiber struc-
tures, we measured the T2 relaxation times and the apparent diffu-
sion coefficient (ADC) of collagen gels with and without magnetic
orientation. Furthermore, we investigated the magic angle effects
in the collagen gel.
Materials and Methods: Experiments were performed using a 4.7
T, magnetic resonance imaging (MRI) system. The T2 relaxation
time was measured by the Carr-Purcell-Meiboom-Gill (CPMG) se-
quence.
The ADCs of water molecules in the collagen gels with magnetical-
ly oriented fibers were measured using a spin echo sequence with
MPG pulses with the following parameters: TR =1000 [ms] ,TE

=75 [ms] ,TM =10 [ms], δ =25 [ms] ∆ =50 [ms], b factor = 1000
[S/mm2].
Results and Discussion: Water molecules in the collagen gel that
was polymerized in the magnetic field had the relaxation time
T2=0.47 s, whereas, water molecules in the collagen gel that was
not exposed to a magnetic field during polymerization had the re-
laxation time T2=1.38 s.
The ADC of water molecules in directions perpendicular to the col-
lagen fibers was ADC =1.88 x10-9 m2/sec. The ADC of water mole-
cules in directions parallel to the collagen fibers was ADC =2.21 x
10-9 m2/sec.
When collagen fibers were oriented at an angle of 55 degrees
(magic angle) with respect to the main magnetic fields, water mol-
ecules in the collagen gels with magnetically oriented fibers had
the relaxation time T2= 2.09 s.
Thus, the T2 relaxation time of collagen gels that orient perpendi-
cular to the magnetic field shortened compared to randomly orien-
tated collagen gel. The difference in the ADC suggests that water
motion is restricted by macromolecular structure. At an angle of 55
degrees to the main magnetic fields, The T2 relaxation times of
water molecules in the collagen gels with magnetically oriented
fibers increased.This difference is attributed to a change in the
magnetic interactions between water molecules and collagen
fibers.

449
Compatibility study for concurrent bluetooth wireless
transmission and MR imaging 
N. De Zanche1, R. Luechinger1, D. Blaettler1, S. Jaeger1, 
R. Mudra1, E. Keller2, K. P. Pruessmann1; 1Insitute for Biomedical
Engineering, University and ETH, Zurich, SWITZERLAND,
2Neurosurgery, University Hospital, Zurich, SWITZERLAND.

Introduction: Patient monitoring employing wireless transmission
of data to a monitoring station offers several advantages over the
traditional wired approach, such as higher mobility and easier pa-
tient access. Furthermore, a wireless system will allow the patient
to undergo routine procedures and diagnostic testing without the
need for unplugging the connecting wires or re-cabling the sensors.
In the MRI environment, wireless transmission also promises con-
siderable increases in safety margins against RF-heating effects due
to the absence of conductive wires traversing the body coil. Many
standard sensors, e.g. for capnometry, oxymetry, blood pressure
and ECG, are already available for MR applications.
Wireless technology has been slowly gaining acceptance in patient
monitoring applications but concerns for reliability and safety
under various operating conditions remain. The objective of the
present study was to assess the ability of wireless Bluetooth (BT:
2.4-2.4835GHz) devices to function reliably while not interfering
with clinical MRI examinations. Battery power from a small, non-
magnetic 900mAh 3.7V Li-ion cell can supply enough energy for
24h under the expected transmission loads.
Methods: A commercially-available BT module (Mitsumi WML-
C19, 2.5mW transmitter output; see figure) was placed near, and
later within, an MR unit (3T Gyroscan Intera, Philips Medical
Systems, The Netherlands) and communication with a base station
was monitored during MR imaging (single shot gradient echo EPI).
Image artefacts were monitored in both reconstructed and k-space
images of a phantom.
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Results: The Bluetooth module was slightly magnetic but no arte-
facts were observed when it was placed a few centimeter from the
phantom surface. No interference effects were found in the MR im-
ages even when the BT module was placed in the center of a receiv-
ing surface coil.
Communication with the unshielded BT module was interrupted in
positions near the isocenter by strong RF pulses; however, shield-
ing the circuit board and controller (except the antenna) overcame
this problem. Temporary interruptions in transmission could also
be offset by large memory cache.
The communication throughput with the shielded module in the
isocenter of the 3T magnet was reduced by only 15% during MR
scanning and 10% without scanning compared to communication
outside the MR environment.
Conclusion: A wireless patient monitoring sensor employing
Bluetooth technology will be able to function within an MRI scan-
ner also during the scanning procedure and will not create interfer-
ence signals. This approach promises improved RF safety margins
compared to traditional wired sensors.

450
The acoustic transfer function of an MRI scanner
G. J. Hoiting, H. Duifhuis; Biomedical Engineering, University
of Groningen, Groningen, NETHERLANDS.

Introduction: Functional Magnetic Resonance Imaging (fMRI) is
a powerful technique in the field of neuro-imaging. A major down-
side of the fMRI technique is the loud noise the scanner produces
during scanning. This is a serious threat to patients� and health
workers� safety. Moreover, the sound is a confounding stimulus in
functional brain research.
The sound is produced by Lorentz forces acting on the gradient
coils, these forces are the source of the vibrations (figure 1). The
waveforms of the electric currents depend on scanning parameters
as FOV and TR; these gradient currents contain frequencies that
can match the scanner�s vibrational resonance frequencies, result-
ing in acoustic noise with high Sound Pressure Levels (SPLs).
To predict the acoustic output of the scanner, the acoustic transfer
function must be determined.
Methods: Three different ways of obtaining the acoustic transfer
function of an MRI scanner are used: measuring the acoustic re-
sponse to noise current, to impulse current, and to frequency mod-
ulated currents.
A microphone was placed near the iso-center of a Philips Intera 3
Tesla MRI scanner. The sound measured with the microphone was
recorded simultaneously with the electric currents of the gradient.
Results: The complex valued transfer function is the ratio of the
Fourier transforms of the microphone signal and the gradient cur-
rent. All three methods lead to transfer functions that have the same
general shape (figure 2).
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Noise signals contain all frequencies at the same time, just like a
perfect impulse signal. Real, physical impulse signals have a finite
length which influences the spectrum; therefore a peak shows at
2500 Hz in the noise transfer function in figure 2.
A frequency modulated current offers the advantage that all fre-
quencies are offered consecutively with full control over amplitude
and phase. By offering all frequencies separately, distortion effects
can easily be investigated. However, acquisition of these data takes
more time.
Conclusion: The frequency modulated signals are well fit to deter-
mine the acoustic transfer function of an MRI scanner with the ad-
vantage of full control over amplitude and phase. With this acoustic
transfer function, the sound emerging from the scanner can be pre-
dicted for any gradient sequence. This offers the possibility to ad-
just scanning parameters in order to minimize the acoustic noise
coming from the scanner.

451
Magnetic resonance conductivity imaging 
M. S. Özdemir1,2, M. B. Eyüboglu1, O. Özbek1; 1Department of
Electrical and Electronics Engineering, Middle East Technical
University, Ankara, TURKEY, 2MEDISIP, Department of
Electronics and Information Systems, Ghent University, Ghent,
BELGIUM.

Purpose: To experimentally implement a novel direct reconstruc-
tion technique to reconstruct conductivity images with high resolu-
tion and accuracy utilizing MRI.
Methods: Interior current density and peripheral voltage measure-
ments are obtained by using Magnetic Resonance Current density
Imaging (MR-CDI) and Electrical Impedance Tomography (EIT)
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techniques, respectively. A 0.15 T Middle East Technical
University (METU) MRI system is used for MR-EIT [1] in combi-
nation with a DC current injection method for MR-CDI. The fre-
quency of the AC current used for EIT measurements is 1 kHz and
has a 20 mA peak value. A box shaped test phantom (6 cm x 6 cm)
consisting of an outer layer filled with water doped with CuSO4
.5H2O to lower the T1 relaxation time and a box shaped agar gel
(2.5 cm x 2.5 cm) placed in the center is constructed (Fig1a). Both
media are doped with NaCl to match the conductivity. The conduc-
tivities of the outer layer and the object are set to 20mS/cm and
90mS/cm, respectively. The image reconstruction algorithm is
based on the fact that equipotential lines are orthogonal to current
vectors [2]. By projecting the potential value on each equipotential
line through the field of view (FOV), the potential distribution is
obtained and the potential gradient is calculated. Since current is
measured by means of MR-CDI, the conductivity distribution is
calculated as the ratio between the magnitudes of current and po-
tential gradient.
Results: In the figure, the true conductivity distribution and the re-
constructed conductivity distribution are presented. The average re-
constructed object and outer layer conductivity values are found to
be 79.2 mS/cm and 19 mS/cm, respectively. The error is found to
be 11.7% for the outer layer and 18.7% for the object compared to
the true conductivity distribution.
Conclusions: The results imply that the proposed method can be
used to reconstruct conductivity images with reasonable accuracy
and high spatial resolution. The spatial resolution is space independ-
ent and is limited by twice the MRI pixel size. Since benign and
tumor tissue resistivities may differ, employing the proposed tech-
nique in differentiating benign and tumor tissue seems plausible.
References:
[1] B.M.Eyüboglu et al, Patent U.S. 6,397,0951 B1, Issued on May
28, 2002. Provisional Patent No: U.S.60/122, 310 Filed on Mar.1
1999.
[2] B.M. Eyüboglu and M.S. Ozdemir, Proceedings of the Fourth
Engineering Network Meeting on Biomedical Applications of EIT,
p.53 (2003).

452
Acoustic noise reduction for single point imaging (SPI) using
the frequency responce function
M. L. H. Gruwel, P. Latta, E. Edie, B. Tomanek; Institute for
Biodiagnostics, National Research Council, Winnipeg, MB,
CANADA.

Introduction: Single Point Imaging (SPI)(1)has found many appli-
cations in the imaging of solids and other broad-line samples with
very short transverse relaxation times. A major drawback of the
technique is the high Sound Pressure Level (SPL) registered during
acquisition. Recent developments in acoustic noise reduction use
gradual gradient switching, minimizing large gradient jumps be-
tween consecutive phase encoding steps (2). However, this modifi-
cation imposes the risk of gradient overheating.

Methods: Experiments were performed on a MRI system consist-
ing of a 7T magnet (Magnex, UK) and an Avance DRX (Bruker,
Germany) console. The magnet could be equipped with a 120mm
diameter insert gradient set SGRAD-205/120/S (Magnex, UK) or
the 305mm diameter SGRAD-MK-II-395/305/S (Magnex, UK)
body gradients. Acoustic noise was measured using a Bruel &
Kjaer 2238 Mediator sound level meter equipped with a pre-polar-
ized free-field condenser microphone type 4188. The frequency re-
sponse function was measured as the Fourier transform of the
acoustic response to a 40-lobe SINC gradient pulse of 10ms dura-
tion (0-4kHz flat spectrum). Influence of the gradient pulse param-
eters on the SPL were measured in two types of experiments: 1.)
SPL as a function of the gradient slope length and or shape, keeping
the repetition time (TR) constant at 4 ms., and 2.) changes in SPL
as a function of the time repetition between experiments.
Results: The 120mm gradient system showed a 20.5dB (A-
scale)reduction in SPL was achieved for
gradients with a 1.6ms ramp time, approximately 4dB above back-
ground noise. Acoustic noise suppression was least effective for the
305mm gradient system, where only a 12dB reduction in SPL was
achieved, with the SPL still 30dB (A-scale) above the background
noise level. Using a longer TR of 8ms together with a longer gradi-
ent ramp time of 3.6ms caused the SPL magnitude to drop by
19.8dB (A-scale), however this was still about 10dB above back-
ground level. The different acoustic performance of the 305 mm vs.
the 120 mm gradient set was explained by comparison of the noise
frequency spectra. For the small gradient set the main spectral lines
are shifted towards higher frequencies, while in the case of the
305mm gradient set, most of the acoustic energy was concentrated
around 750Hz.
Conclusion: We have presented a modified SPI sequence employ-
ing optimized gradient parameters in order to minimize acoustic vi-
bration in the MRI scanner.
References:
[1] Emid et al. Physica B 128 (1985) 81.
[2] Kennedy et al. Can. J. Chem, 76, 1753-1765,(1998)
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Cerebral Spinal Flow (CSF) in patients with Chiari I malfof-
mation: Phase-contrast MRI data
O. M. Kupriyanova, N. V. Aroutiunov, S. V. Kahramanov, 
L. M. Fadeeva, V. N. Kornienko; Neuroimaging, Burdenko
Neurosurgery Institute, Moscow, RUSSIAN FEDERATION.

Purpose: To determine and compare the range of cerebrospinal
fluid (CSF) flows for healthy volunteers, the patients with Chiari I
malformation before and after surgery and to demonstrate the effi-
ciency of phase-contrast MRI with cardio-gating in late postopera-
tive period.
Subjects and methods: We examined 8 healthy volunteers (4 fe-
males, 4 males, aged 22-49), 6 patients with Chiari I malformation
(3 females, 3 males, aged 21-56) before and after surgical treat-
ment. MR-examinations were performed using high-field MRI
1.5T. MR study included: T1-W1, T2-WI, MR-cisternography,
phase-contrast MRI in axial orientation across spinal canal up-to-
date C2-C3 intervertebral disk. The values of stroke volume (SV),
mean linear velocities (MeanLV), maximum linear velocities
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(MLV) and volume velocities (VV) of CSF in intradural space were
evaluated. Stroke volume was calculated as area under absolute
value of volume velocity per cardiac cycle.
Results: We visualized and estimated the CSF passage through the
aqueduct cerebry, the forth ventricle, cistern magna, foramen mag-
num and intradural space. The SV at the level of C2-C3 interverte-
bral disk were 1.06±0.47 ml, 0.31±0.24 ml and 0.64±0.29 ml,
accordingly for healthy volunteers, patients with Chiari I malfor-
mation before and after surgery (p<0.03 and p>0.12, accordingly).
MeanLV amplitudes were 2.28±0.77 cm/sec, 0.72±0.34 cm/sec and
1.66±1.07 cm/sec, (p<0.01 and p>0.2). MLV amplitudes were
7.10±0.87 cm/sec, 5.13±1.20 cm/sec and 9.87±7.78 cm/sec, (p<0.1
and p>0.5). MeanLV were 0.61±0.27 cm/sec, 0.20±0.13 cm/sec,
0.47±0.20 cm/sec, (p<0.03 and p>0.3). VV were 87.09±44.18
ml/min, 23.97±13.33 ml/min and 56.46±24.02 ml/min, (p<0.03
and p>0.2). MLV were 2.41±0.67 cm/sec, 1.99±0.35 cm/sec and
3.82±3.28 cm/sec, (p>0.1 and p>0.5).
Conclusion: Phase-contrast MRI allows visualize CSF passage
and evaluate quantitative values of CSF pulsative motion for
healthy volunteers and patients with Chiari I malformation before
and after surgical treatment. Phase-contrast MRI at the level of C2-
C3 intervertebral disk showed the decreasing of SV (p<0.03),
meanLV amplitude (p<0.01), MLV amplitude (p<0.1), meanLV
(p<0.03), VV (p<0.03) for patients with Chiari I before surgery.
Comparison between healthy volunteers and patients after surgery
doesn�t show any significant difference in accordance with positive
neurological symptomatic.
References:
[1] Hofmann E. et al. AJNR. 2000. V. 21. P. 151-158.
[2] Armonda R. et al. Neurosurgery. 1994. V.35. P. 214-224.
[3] Brugieres P. et al. AJNR. 2000. V. 21(10). P. 1785-92.
[4] Haughton V. et al. AJNR. 2003. V. 24. P. 169-176.
[5] Dolar M. et al. AJNR. 2004. V. 25. P. 142-145.
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Partial volume effect and aliasing correction in PC-MRI
analysis of cerebrospinal fluid flow
D. Moratal-Pérez1, Y. N. Flórez Ordoñez1, J. Forner-Giner2, 
E. Arana2, L. Martí-Bonmatí2, J. Millet-Roig1; 1BET Research
Group, Universitat Politécnica de Valencia, Valencia, SPAIN,
2Radiology Department, Clínica Quirón, Valencia, SPAIN.

Purpose: There is a great diversity of results at the moment to
carry out a quantitative analysis of cerebrospinal fluid (CSF) with-
in the cerebral aqueduct by means of MRI due to the observer-relat-
ed variability to select the region of interest (ROI). Main source of
errors are related to the presence of partial volume (PV) effects and
aliased pixels [1,2]. Our purpose is to develop a reproducible
method that permits to automatically define a ROI, applying a
background correction and a correction of the aliased pixels in
order to accurately calculate parameters of CSF flow.
Subjects and Methods: MR examinations were performed using a
1.5 T Philips Gyroscan Intera scanner with a phase contrast se-
quence. Image parameters were: 256 phase encodings, FOV=160
mm, 3 mm slice thickness, TR=53 ms, TE=11 ms, NSA=2, flip
angle=15º and 20-27 frames per cardiac cycle.
The model has been validated in 20 patients, 11 men and 9 women,
of age range: 45-79 years old. From these 20 patients: 13 were
healthy subjects, 4 with clinical symptoms and MR findings of nor-
mal pressure hydrocephalus (NPH); 3 patients had other symptoms.
Results: The model is highly reproducible, the aliased pixels are
automatically detected and corrected by means of 3D visualization
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(Fig1). An average value of offset per frame in the mesencephalon
is used to correct the PV (Fig 2) in order to automatically select the
ROI and to calculate the different parameters.
The 4 patients with clinical symptoms and MR findings of NPH
had a mean flow of 4.9 ml/s ± 3.2 ml/s while the stroke volume was
43.3 µl ± 12.4 µl. The thirteen healthy subjects had a mean flow of
0.9 ml/s ±1.2 ml/s; the stroke volume was 6.5 µl ±9.5 µl.
The three patients with other pathologies -non related with CSF
flow- had a mean flow of 0.9 ml/s ± 0.7 ml/s and a stroke volume of
5.7 µl ± 5.2 µl. The difference between groups was greatly signifi-
cant.
Conclusions: Our tool makes the measurements independent of the
operator, generalizing the calculus of flow parameters with great
consistency.
A clear difference of flow and volume per cycle through the cere-
bral aqueduct has been observed between patients with clinical
symptoms and MR findings of NPH patients with other pathologies
not related to CSF flow and healthy subjects.
References:
[1] WG Bradley et al. Radiology 1986; 159: 611-616.
[2] D Enzmann et al. Radiology 1991; 178:467- 474.
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Limits for estimation of acceleration from velocity data deri-
vation in hemodynamic studies
F. Buyens1, O. Jolivet1, J. Bittoun2, A. Herment1; 1U494, Inserm,
Paris, FRANCE, 2U2r2m, CNRS, Le Kremlin-Bicêtre, FRANCE.

Introduction: Differential pressure maps can be extracted from
MR imaging data using the Navier-Stokes (equation1).

For reason of easily accessible velocity data v, the acceleration a is
often derived from phase contrast velocity data (equation2).
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∂v/∂t and v.?v represent the temporal and convective components
of the acceleration, respectively.
However, direct acquisition of acceleration is also made possible
by substituting tripolar acceleration encoding gradients to the bipo-
lar velocity encoding gradients.
To compare acceleration maps obtained using the two methods,
two physical phantoms have been used to evaluate separately both
components of the acceleration.
Material and Methods: A pulsating fluid phantom generating a
blunt flow profile was used to test the time derivation of velocity
data in a configuration where in-plane components were negligible.
Acceleration was acquired and compared to estimated data (equa-
tion3),

with vz.. ∂vz/∂z <<∂vz/∂t.
A rotating disk phantom was used to test spatial derivation of ve-
locity data regardless to time contribution. The rotation speed being
constant, the temporal derivative was zero and acceleration compo-
nents were equal to (equation4).

The geometry of the phantom and its rotation speed being perfectly
known, an exact mathematical model describing its acceleration
components in each pixel was made available for further compar-
isons.
All images were acquired on a 1.5T GE MR imager. Time and
space derivatives were calculated using a simple first order differ-
ence.
Results: Derivation of PC velocity data induces inaccuracies in es-
timating the acceleration.
Whereas the temporal derivative of the velocity gives a good esti-
mation of the acceleration (a=1.1034, b=-19.5037 and r2=0.9530)
despite introduction of noise (Fig.1), the computation of the con-
vective term of acceleration is soiled of noise (a=0.9226,
b=54.9912 and r2<0.1). In addition, the degradation increases with
the value of velocity (Fig.2).

Discussion: In this experiment, where effects of temporal and spa-
tial derivations of velocity data can be studied independently, errors
introduced by temporal derivations are minimal compared to the
ones due to spatial derivation. Increasing voxel size or filtering the
data can help to reduce noise on estimated acceleration data at the
expense of a lower spatial resolution or additional bias in the re-
sults. In vivo applications, motions of cardiac and vascular struc-
tures will debase the quality of the temporal derivation because
temporal differences are calculated between pixels which do not
suit to the same structures.
When it is possible direct acceleration data should be preferred to
velocity encoding even if the echo-time is longer.
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Magnetic resonance angiography of renal arteries using
parallel imaging technique: assesing the image quality and
estimation of stenosis ratio prior to intravascular treatment 
K. Bicakci, E. Akgul, G. Soker, E. Aksungur; Radiology,
Cukurova Univ. Balcali Hospital, Adana, TURKEY.

Introduction: Since the improvement of magnetic resonance hard-
ware and software systems, magnetic resonance angiography
(MRA) of renal arteries has become a very promising technique in
screening patients with renal hypertension. �Array spatial sensitiv-
ity encoding technique� (ASSET) is a parallel imaging technique
which allows faster scanning with higher resolution. It is very use-
ful for abdominal imaging where breathholding is necessary for a
high quality examination and thus, faster scanning parameters are
mandatory.
In this study, we aimed to asses the image quality and to demon-
strate the degree of renal artery stenosis precisely on MRA using
ASSET and to compare the results with doppler sonography and
digital subtraction angiography (DSA). We also intended to find
out whether MRA is sufficient to direct those patients to intravascu-
lar treatment without diagnostic DSA.
Subjects and Methods: Seventy renal arteries from 35 patients
were examined with MRA using ASSET following doppler sonog-
raphy. MRAs were done with a 1.5 tesla equipment. Contrast en-
hanced 3D TOF seqeunce with automatic contrast tracking
(SmartPrep) technique and a phased array 4-channel torso coil
were used. Scanning time ranged between 11-15 seconds with
ASSET factor 2. Postprocessing was done on a separate worksta-
tion. 3D maximum intensity projection (MIP) and 3D volume ren-
dered images were rated as �excellent, good, moderate, poor�.
Besides, the ratio of stenoses were calculated from postprocessed
and source images. All patients underwent DSA.
Results: Sixty-six renal arteries from 33 patients were evaluated.
Due to technical failure, it was not possible to asses the renal arter-
ies in two patients. Thirty-one MRA examinations for the main
renal arteries were rated �excellent� and two were rated �good�.
The rating was as �excellent� for 15, �good� for 16 and �moderate�
for 3 MRAs for segmenter arteries.
Ten renal arteries from 5 patients were normal on MRA and DSA.
A total of 41 stenoses were detected with MRA. Thirtysix of
stenoses and their ratios were in consistency with DSA. However, 5
stenoses greater than 90 % on DSA were regarded as total occlu-
sion on MRA. Two mild stenoses on DSA were normal on MRA.
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Discussion: Contrast enhanced MRA of renal arteries is very effec-
tive in demonstration of renal artery stenoses and assesment of
stenosis ratio. Furhtermore, parallel imaging technology has im-
proved this procedure by reducing the scantime and increasing the
image resolution. Renal MRA, as a diagnostic tool, can accurately
direct stenosis patients to intravascular treatment.

457
High-resolution MRI imaging of the carotid vessel wall at 1.5
and 3T
G. Mizsei, V. Mani, V. Itskovich, Z. Fayad; Cardiology, ISL
Laboratory, The Mount Sinai School of Medicine, New York, NY,
UNITED STATES.

Introduction: Atherosclerosis and its thrombotic complications
are the leading cause of mortality in developed countries. Non-in-
vasive vessel wall/plaque characterization using high spatial reso-
lution magnetic resonance imaging (MRI) has been shown to be
feasible in the human vasculature. Several recent studies discuss
novel receiver coil architectures [1,2], fast parallel imaging se-
quences [3,4] to further advance MRI�s capabilities. Our aim is to
evaluate the benefits of 3 Tesla whole body imaging systems over
the commonly used 1.5T systems for carotid imaging.
Subjects and Methods: All phantom and in-vivo studies (5
healthy volunteers) were performed on a 1.5T Siemens Sonata as
well as 3T Trio MR systems (Siemens AG, Erlangen, Germany),
both equipped with 40 mT/m, 200 mT/m/ms slew rate gradients.
Body coils were used for transmission while custom built four
channel (5x7cm elements), bilateral coils with identical layout
served as receivers. A 2D rapid extended coverage rapid acquisition
with relaxation enhancement pulse sequence for simultaneous mul-
tislice double inversion recovery black-blood vessel wall imaging
was used (FOV=7cm; matrix:256x256; slice thickness:3mm;
BW:130Hz/pixel; TSE-DIR acquisition; TR:3RR; TE:14ms; 1
NEX; Acquisition Time=1min15s).[4]
Results: While achieving near-theoretical increase of SNR (3T vs.
1.5T) seems to be problematic in many body and brain imaging
cases, the carotid arteries lend themselves as excellent candidates
for vessel wall characterization since they are superficial and not
subject to significant motion. The images were evaluated using the
Siemens systems in-built software. SNR calculations were carried
out in phantom and in-vivo images The average SNR benefit of 3T
field strength was 1.63 fold over the 1.5T studies. Figure 1 demon-
strates the example of an axial image of the carotid artery of a
human volunteer.
Conclusion: Our comparative studies evaluated the benefits of
high-field carotid imaging by utilizing a fast parallel imaging se-
quence and near-optimal coil configuration to approximate ulti-
mate SNR in in-vivo studies. Although the imaging parameters,
coil layouts were kept identical throughout the studies, several
other factors have to be further studied to understand the discrepan-
cies of predicted and measured SNR gains to assess realistic expec-
tations for in-vivo imaging.
References:
[1] Mizsei G, Itskovich V, Mani V, Fayad Z, [2003] Proceedings of
ISMRM
[2] Liffers A, Quick HH, Herborn CU,Ermert H, Ladd ME [2004]
Magn.Res.Med. 50,2:439-443
[3] Itskovich VV, Mani V, Mizsei G, Fayad Z, et al.
Magn.Reson.Imag [2004] 19,4: 459-467
[4] Mani V, Itskovich VV, Mizsei G, Fayad Z [2004] Radiology, in
Press
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MR Angiography with intraarterial injections of gadolinium
chelates: A theoretical approach and its assessment for the
visualization of the femoral artery in patients
D. Bilecen, A. Schulte, C. Hashagen, H. G. Heidecker, 
M. Aschwanden, G. Bongartz; Department of Diagnostic
Radiology, University of Basel, Basel, SWITZERLAND.

Purpose: Technical development of intraarterial MRA (iaMRA) is
needed as a basic tool for MR guided endovascular interventions.
To evaluate the appropriate range of [Gd]-concentration for this
technique, computer simulation and flow-phantom measurements
were performed. Parameters were transferred to the femoral artery
in patients and its feasibility was demonstrated in high-resolution
3D-iaMRA after informed consent and acceptance of the local re-
view board of the hospital was obtained.
Methods and Material: For conventional 3D gradient echo se-
quence (Siemens, Sonata, 1,5 T; TE/TR=1.4ms/4.3ms; TA=22s,
flip angle 20°), the range of intravascular [Gd] with highest signal-
to-noise ratio (SNR) was assessed by computer simulation and test-
ed by flow-phantom of the femoral artery (Ø = 8 mm; flow rate of
3, 6 and 8 ml/s).
Based on the calculated [Gd], 3D-MRA of the femoral arteries was
performed in 15 patients. In the iaMRA study, Gd-chelate was in-
jected via an introducer sheath into the common femoral artery
(flow rate=1 ml/s; bolus length=20s).
Results: Computer simulations and flow-phantom measurements
suggest intravascular [Gd] in between 10-70mM. Including dilu-
tion effect during injection, bolus-concentration is in the range of
40-280mM. In the patient study, low-dose bolus-concentration of
50mM was applied. Intraarterial Gd-chelate injections were well
tolerated. Only 10% of the total amount of Gd-chelates was needed
compared to an intravenous MRA protocol. Significant correlation
between the SNR of the flow-phantom and the 3D iaMRA of the
femoral arteries was found (p<0.05).
Conclusion: A theoretically deduced low dose contrast-agent pro-
tocol allowed intraarterial 3D MR angiography of the femoral ar-
tery in patients.

WITHDRAWN by Authors.
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459
Intra-arterial MR-Fluoroscopy of the lower extremity of
patients
S. Potthast1, K. Scheffler2, G. Bongartz1, L. Jacob1, D. Bilecen1;
1Institut of Diagnostic Radiology, Kantonsspital Basel, CH,
Radiologie, Basel, SWITZERLAND, 2Department of Medical
Radiology, Kantonsspital Basel, CH, MR-Physics, Basel,
SWITZERLAND.

Purpose: New MR-technology offers the opportunity for MR
image-guided endovascular interventions. Similar to endovascular
interventions by X-ray-control also MRI interventions require
repetitive intra-arterial Gadolinium (Gd) injections, MR-fluo-
roscopy will be necessary and roadmaps must be available.
Therefore we determined the optimal range of Gd-concentration
[Gd] for intra-arterial injections in the superficial femoral artery
(AFS) by a flow-phantom and derived a low dose injection proto-
col for MR-fluoroscopy. MR-Fluoroscopy has a temporal resolu-
tion of 2-3 frames per second and is a projection magnetic
resonance angiography (MRA), a 2D contrast-enhanced (CE)
MRA. Out of the acquired data-set a roadmap can be calculated.
After informed consent and acceptance by the local review board
this protocol was applied to patients suffering from peripheral arte-
rial occlusive disease (PAOD).
Materials and Methods: All studies were performed on a 1.5T
MR (Magnetom Sonata, Siemens, Germany) equipped with a high-
performance gradient. A phased-array peripheral vascular coil was
used for signal reception.
A dilution series of gadolinium concentration in the range of 0.8 -
200 mM was injected consecutively into a femoral flow phantom at
flow rates of 0.0, 1.0, 2.5 and 5.0 ml/s.
For each concentration, signal-to-noise ratio (SNR) was deter-
mined. Ratios above the 75%-threshold of maximum were regard-
ed as optimal.
The lowest optimal concentration was injected into the AFS of the
patients intra-arterially with a flow rate of 1ml/s. and a volume of
20ml. Injection, flow and distribution of contrast agent were moni-
tored with a 2D CE MRA technique. Roadmaps were calculated out
of the acquired data-set online.
Results: The lowest [Gd] to achieve a SNR>75% was 50mM. This
dose was administered in the patient-study and was well tolerated
by all patients.
With the applied 2D CE MRA diagnostic suitable MR fluoro-
scopies of the lower extremity could be acquired in all patients fol-
lowing intra-arterial Gd-injection and roadmaps were
reconstructed.
Conclusion: This study shows the feasibility of MR fluoroscopy
with low dose intra-arterial Gd injections in the lower extremity in
patients and the ability to create road maps out of the arterial data set.

460
Assessment of suspected atherosclerotic disease by whole-body
magnetic resonance imaging
B. D. Klumpp, M. Fenchel, U. Kramer, T. Naegele, 
H. P. Schlemmer, C. Claussen, S. Miller; Department of
Radiology, University of Tuebingen, Tuebingen, GERMANY.

Purpose/ Introduction: Detection of atherosclerotic lesions is of
high importance for diagnostic and therapeutic strategies. MR-an-
giography (MRA) is a valid noninvasive alternative to convention-
al digital-subtraction-angiography (DSA). Due to the systemic

character of arteriosclerosis diagnostic systems have to be capable
of whole-body imaging. Most frequent manifestations of arte-
riosclerosis are cerebral and coronary arteries. Aim of this study
was the detection of arteriosclerotic manifestations using dedicated
whole body MR-scanner with new surface coil technology.
Subjects and Methods: Examined were 15 patients suffering from
peripheral-arterial-occlusive-disease (PAOD). at 1.5 T (Magnetom
Avanto, Siemens, Erlangen, Germany). Whole body MRA was per-
formed at 1.5 T (Magnetom Avanto, Siemens, Erlangen, Germany)
using a contrast dose of 0.25 mmol Gd-DTPA/ kg body weight
(Magnevist, Schering, Berlin, Germany). In order to assess cere-
brovascular and cardial manifestations FLAIR images of the brain
and cine trueFISP sequences for myocardial function as well as late
enhancement sequences for determination of myocardial viability
were acquired. Image analysis was performed by two independent
observers. In all patients conventional DSA of the symptomatic re-
gion was carried out as diagnostic standard of reference. Image
quality was rated on a five point-scale (0=poor, 4=excellent).
Results: Sensitivity and specificity of whole body MRI was excel-
lent (>95%). Interobserver agreement was also high (k=0.9). Signal
to noise ratio was 151.28+-54.04 and vessel to background contrast
120.57+-46.47. Previous cerebral infarction was found in one pa-
tient. Cine trueFISP sequences displayed hypokinetic areas in nine
patients (60%) due to myocardial ischaemia. In five patients (33%)
late enhancement images showed hyperintense areas as a sign of
previous myocardial infarction. Image quality was 3.82+-0.1.
Discussion/ Conclusion: MR-whole-body angiography enables
high-resolution imaging of systemic arteriosclerosis providing
evaluation of the whole vasculature, including peripheral, cerebral,
renal and cardiac arteries as the prime manifestation organs of arte-
riosclerosis as well as myocardial function and viability. The per-
formed MRI procedure enables the assessment of the complete
cardiovascular system including morphology and function with
high accuracy.

461
Calibration of dynamic susceptibility contrast MRI using MR
Angiography
P. Brunecker, M. Endres, J. Schultze, B. Müller, A. Villringer;
Neurology, Charite, Berlin, GERMANY.

Introduction: Dynamic susceptibility contrast (DSC) MRI is one
widely used method to measure perfusion. The quantification is
usually based on deconvolution techniques which require knowl-
edge of the arterial input function (AIF). For the determination of
the AIF the assumption that a voxel lies completely within a blood
vessel is hardly ever fulfilled, therefore, approaches correcting
these partial volume effects introduced before. Our approach pre-
sented here is an attempt to describe the signal loss in such arterial
voxels using spatial information from MR angiography.
Methods: MR measurements were performed on a 1.5 T Siemens
Vision MR scanner. Perfusion-weighted imaging (PWI) was per-
formed using T2*-weighted echo-planar sequences (TR 800 ms,
TE 29 ms, matrix 128x128, FOV 256 mm). MR angiography was
placed to include smaller branches of the arteria cerebri media (TR
35 ms, TE 7.2 ms, matrix 512x512x108). 20 ml Magnevist® (Gd-
DTPA, Schering, Germany) followed by 20 ml saline were injected
at a rate of 4 ml/s using a power injector (Spectris, Medrad, USA).
MR angiography was co-registered with the PWI measurements in
one slice at the plane of the lateral ventricles and reconstructed 3-
dimensional using a Marching Cube algorithm. Spatial position of
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the angiographic data were fine tuned with respect to signal loss in
PWI dataset.
Results: We find a good reproducibility intra-individually related
to the voxelwise volume and surface portion of the arteries, espe-
cially in an early stage of bolus arrival in the arteries as well as in
the steady state. The observed concentration of a paramagnetic
contrast agent correlates with surface rather then with volume frac-
tion of arteries. Calculating a conversion factor allows to determine
rCBV. In subcortical white matter rCVB was found to 1.9 ± 0.4
ml/100ml in 7 subjects.
Conclusion: The presented method shows the ability to calibrate
DSC-MR measurements with respect to the blood volume. Further
investigations will show whether thereby more accurate quantifica-
tions of rCBF can be achieved, too.

462
Whole-body MR angiography in patients before and after
y-graft or femoro-popliteal bypass surgery
M. Unterweger1, R. A. Kubik1, H. Quick2, T. Huber3, 
M. Birrer3, R. Otto1; 1Cantonal Hospital Baden, Diagnostic
Radiology, Baden, SWITZERLAND, 2University Hospital Essen,
Diagnostic Radiology, Essen, GERMANY, 3Cantonal Hospital
Baden, Vascular Surgery, Baden, SWITZERLAND.

Purpose: The aim of this study was to evaluate the clinical impact
of whole body MR-Angiography with a rolling table platform in
patients before or after y-graft or femoro-popliteal bypass surgery.
Subjects and Methods: Whole-body MRA was performed on a
1.5 T system (Siemens Sonata) in 20 patients (mean age 68.5, pre-
operative n=10, postoperative n=10) according to a standardized
protocol with the "Angiosurf"-coil (MR-Innovations, Essen).
Patients received i.v. 0,2 mmol/kg BW of 1.0 molar Gadobutrolum
and saline fluid (total volume = 60ml). Initial flow-rate was
1.2ml/s, followed by 0.7ml/s. MRA image quality was scored on a
five-point scale. Diagnostic accuracy of whole body MR angiogra-
phy were compared with duplex sonography (Toshiba
PowerVision) and if available with x-ray angiography.
Results: In 1 patient "Angiosurf" MRA was not possible because
of body dimension. All other MRA studies were diagnostic, howev-
er, in one patient assessment of the carotid arteries was limited due
to timing problems. MR image quality was considered as good to
excellent. In 6/19 patients whole body MRA demonstrated previ-
ously unknown significant stenoses in other body regions. One pa-
tient with a femoro-popliteal bypass was due to the results of whole
body MRA directly reoperated. Grade of stenosis correlated well
with duplex sonography and x-ray angiography.
Conclusions: Whole body MRA is technically feasible in patients
with arterosclerotic occlusive disease. MRA correlated well with
duplex sonography and x-ray angiography. Therefore it is a one-
stop-shop examination in the preoperative evaluation prior to graft
or bypass surgery. Postoperative assessment of bypass patency is
possible.

463
MR characteristics of non-steel vascular stents: 1.5 Tesla
versus 3 Tesla
H. Graf, U. A. Lauer, F. Schick; Section on Experimental
Radiology, University Hospital of Tübingen, Tübingen, GERMANY.

Purpose/Introduction: The examination of stented vessels by
magnetic resonance angiographie (MRA) is hampered by RF

S274

shielding of the luminal region and susceptibility artifacts from the
stent�s metallic material. The MR representation of peripheral
stents at 1.5 T and at 3 T is compared.
Subjects and Methods: Eighteen different peripheral non-steel
stents from 8 different manufacturers (diameter range: 6 - 10 mm,
length range: 40 - 100 mm, slotted-tube types as woven stents as
well) were examined in Gd-DTPA doped water on a 1.5 T and a 3 T
MR scanner. Some of the stents were supplied with x-ray (RO)
markers. The stents� axis were aligned parallel and perpendicular to
B0. Imaging was performed by spin-echo (SE) and gradient-echo
(GRE) technique. The RF amplitude was varied to detect enhanced
RF field strength close to the metallic parts.
Results: For the depiction of the luminal region of the stents the
qualitatively same behavior was observed at both field strength,
e.g. stents with good lumen visibility at 1.5 T also showed good
visibility at 3 T (Fig. 1). Enlarged susceptibility effects at 3 T
caused a slightly thickened depiction of the stent mashes in GRE
technique. SE imaging at 3 T resulted in an additional artifact for
stents which showed pronounced luminal shielding at 1.5 T (Fig.
2): Especially for an orientation of the stent axis perpendicular to
B0 a belly extension of the dark luminal region to the close-up
range outside the stent could be observed (Fig. 2a, arrow). At about
half excitation angle this zone was depicted brightly, whereas the
luminal region remained dark (Fig. 2b). Artifacts from the RO
markers were found to be negligible compared to generally observ-
able end artifacts.
Discussion/Conclusion: MRI at enlarged field strength has the ad-
vantage to obtain improved spatial resolution at shorter measuring
time, being essential for adequate visualization of stented vessels.
Potential drawbacks result from increasing susceptibility artifacts
in GRE technique and from enlarged RF-metal interaction, becom-
ing relevant especially in SE technique for distinct stent designs.
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Characterization of myocardial scar tissue using T1, T2 and
T2* imaging in comparison with diffusion tensor imaging
results
D. L. Weber, S. Köhler, K. Hiller, C. Waller, P. M. Jakob;
Lehrstuhl für Experimentelle Physik 5 - Biophysik, Universität
Würzburg, Würzburg, GERMANY.

Introduction: The myofiber structure of the heart plays a critical
role in force production and contraction of the heart, and is known
to be modified in different cardiac diseases. In this present study,
conventional diffusion tensor imaging (DTI) of isolated rat hearts
with chronic myocardial infarction at different points of time (five
rats at two, eight and twelve weeks) were compared with T1, T2
and T2*-imaging [1].
Subjects and Methods: NMR imaging was performed on a Bruker
AMX-500 microscopy system at 11.75 Tesla. Chronic myocardial
infarcts were induced in the male Wistar rats by ligation of the left
coronary artery two, eight and twelve weeks before examination.
The isolated hearts were perfused in the Langendorff mode with a
cardioplegic Krebs-Henseleit buffer.
The T1-images were acquired with an inversion recovery sequence,
the T2-maps with a multispin echo sequence. For T2*-imaging a
gradient-recalled multiecho sequence was used. Diffusion tensor
imaging was performed using a pulsed field gradient, spin echo
(PGSE) sequence with diffusion weighting in seven directions and,
for SNR efficiency, a multiple gradient echo readout placed around
the spin echo position.
Results: For every time point, we measured T1, T2, T2* and the
diffusion tensor in the infarction and the normal tissue and also the
extent of the affected area. First, we see that each method can be
used to differentiate the affected area and there is no difference in
their spatial extent (e.g. diffusion in figure 1, T2* in figure 2).

Second, in all parameters we quantified a significant difference be-
tween the normal myocardium and the infarction, independent of
the age of the infarction (Figure3-6).
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Discussion & Conclusion: The four methods yielded nearly equiv-
alent information about the scar tissue and showed that the proper-
ties of that tissue do not change over time. We also showed that
there are many useful contrast mechanisms for detecting the area of
interest in a myocardial infarction, although they are based on very
different physical effects. A comparison between these techniques
gives a satisfying spatial correspondence in the extent of the infarc-
tion. The great advantage of T2* is the short acquisition time com-
bined with high resolution (78x78 µm in-plane and 250 µm slice
thickness) and the possibility to differentiate several areas in the in-
farction (e.g. collagen, which causes the large errorbars in figure 6).
Acknowledgement:
This work was funded by the SFB 355/A7.
Reference:
[1] S. Köhler et al., Magnetic Resonance in Medicine, 49:371-375
(2002)

465
Improved estimation of myocardial strain rate from 
two-dimensional phase contrast MRI
M. Lundberg1,2, L. Wigström1,2, J. P. E. Kvitting1,2; 1Department
of Clinical Physiology, Linköping University, Linköping,
SWEDEN, 2Center for Medical Image Science and Visualization,
Linköping University, Linköping, SWEDEN.

Purpose/Introduction: Regional changes of myocardial function
is an early marker of ischemia, but current clinical methods are at
best semi quantitative and operator dependent. Strain rate (SR) is a
property from continuum mechanics that can be used to quantify
instantaneous myocardial deformation. To estimate two- and three-
dimensional SR from phase contrast (PC) MRI data the gradients
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of the velocity fields must be calculated. In previous studies using
MRI data to estimate SR, this has been done using only the veloci-
ty difference between adjacent pixels/voxels [1]. By using normal-
ized convolution (NC) [2] to estimate the gradients the
signal-certainty approach is embraced and better estimates can be
expected, especially close to the endo- and epicardium.
Subjects and Methods: Velocity data from 12 volunteers (6 fe-
males) with no prior history of cardiovascular disease were ac-
quired using a 1.5T GE LX scanner and a conventional 2D cine
phase contrast pulse sequence. Velocity encoding was performed in
all three directions in short axis and four-chamber views.
Acquisition parameters; TR=20-29ms, TE=7.3-7.5ms, VENC=
18cm/s. 32 time frames were reconstructed. The image sequences
were automatically segmented using Fourier tracking. In two di-
mensions, SR is fully described by a 2x2 tensor in every pixel and
each tensor is constructed from the spatial derivatives of the veloc-
ity fields [1]. Glyphs consisting of ellipses were constructed by
using the eigenvalues and the eigenvectors of the tensors as the
axes of the ellipses. Circles with a constant radius were displayed
to indicate zero strain rate.
Results: Normalized convolution provides a more robust approach
to estimate the gradients of the velocity data, compared to tradition-
al methods. The resulting SR tensor field can be displayed in an in-
tuitive way using glyphs. An ellipse with an axis larger than the
reference circle represents an instantaneous expansion in that direc-
tion and a shorter represents compression, respectively. The figure
shows a short axis view in systole (left) and diastole (right). In sys-
tole a radial expansion and circumferential compression can be
clearly seen, whereas the deformation rate is reversed in the dias-
tolic phase.

Discussion/Conclusion: A combination of SR estimated using NC
based on velocity data derived from 2D PC-MRI and glyph visual-
ization may be a new quantitative tool to assess regional myocar-
dial function.
References:
[1] Wedeen VJ [1992] MRM 27:52-67.
[2] Knutsson H [1994] Proc. IEEE CVPR 515-523.

466
Do the first-pass perfusion intensity-time curves predict the
regional functional recovery after acute myocardial infarction?
A. Lalande1, A. Comte1, P. M. Walker1, 
L. Legrand2, Y. Cottin3, J. E. Wolf3, F. Brunotte1; 
1Laboratoire de Biophysique, Faculté de Médecine, Dijon,
FRANCE, 2Laboratoire d'Informatique Médicale, Faculté de
Médecine, Dijon, FRANCE, 3Service de Cardiologie II, CHU de
Dijon, Dijon, FRANCE.

Purpose / Introduction: After acute myocardial infarction, wall
motion abnormalities may be reversible. MRI is capable of quanti-
fying both myocardial function and perfusion. We propose the use



Cardiac S277

of intensity-time curves generated from a first-pass perfusion study,
in order to appreciate the regional functional recovery.
Subjects and Methods: Seventeen patients (14 men, 3 women,
mean age: 56 years) underwent CMR on a 1.5 T Siemens
Magnetom Vision during the week following a myocardial infarc-
tion. A follow-up CMR examination was performed 6 months later.
The regional left ventricular function was explored using a breath-
hold ECG-gated gradient-echo sequence (segmented FLASH 2D,
TR/TE: 9/ 4.4 ms, flip angle = 15°, slice thickness = 5 mm). For
first-pass perfusion imaging, ECG-gated T1-weighted images
(turboFLASH, TR/TE/TI : 3.5/1.7/400 ms) were obtained after in-
travenous injection of a bolus of 0.1 mmol/kg gadolinium contrast
agent. The entire left ventricle was scanned with short-axis slices of
12 mm thickness and 3 mm gap. The slices were positioned at the
same place for both functional and perfusion imaging.
For each slice, the myocardium is divided into 8 segments. The
first-pass imaging consists in a set of 60 images. On each image,
the signal intensity in every segment is calculated to obtain signal
intensity-time curves.
All curves were visually classified into 3 categories by an experi-
enced observer. NORMAL type curves are illustrated by a steep
upslope and a rapid washout. Curves with a slow uptake and a sub-
sequent steadily increasing signal were defined as HYPO. The
curves defined as HYPER are the curves having an upslope similar
to that of NORMAL curves, but a steadily increasing signal on the
latter portion of the curve.
Wall thickening improvement was defined as the difference in wall
thickening for each segment between the first and second examina-
tions. We considered only the segments with a severe regional wall
abnormality at the first examination (wall thickening less than 2
mm), and we compared the wall thickening improvement with the
curve classification.
Results: The figure shows that the segments with curves classed as
HYPO showed no wall thickening improvement, contrary to seg-
ments with curves classed as HYPER or NORMAL. There is no
statistical difference between the HYPER and NORMAL classes.

Discussion / Conclusion: This study demonstrates the relationship
between the first-pass perfusion study with MRI, and myocardial
thickening improvement. There is a good concordance between in-
tensity-time curve classification and regional functional recovery.

467
MRI quantification of mediastinic and visceral fat deposition
in male subjects with hypertension: is excess mediastinic fat a
new cardiovascular risk factor?
A. Sironi, A. Gastaldelli, V. Positano, F. Santarelli, P. Keilberg,
P. Keilberg, P. Keilberg, D. Ciociaro, E. Ferrannini, M.
Lombardi; MRI Lab, institute of clinical physiology CNR-CREAS,
Pisa, ITALY.

Introduction: Regional fat distribution, in particular visceral fat
(VF) accumulation, is a risk factor for metabolic and cardiovascu-
lar abnormalities.
Purpose: To investigate whether abdominal visceral and/or subcu-
taneous fat accumulation is associated with thoracic mediastinic
and/or pericardial fat independently of presence of obesity.
Methods: We studied 25 male subjects without diabetes of which
n=10 subjects had untreated essential hypertension (HT). Controls
(CT) and HT subjects were matched for age and BMI (age=43±3 vs
49±2 yrs, p=ns; BMI=27±6 vs. 29±8 kg/m2, p=ns). In all subjects
we measured abdominal (VF and subcutaneous, SC) fat and tho-
racic (mediastinic and pericardial) fat by MRI. Abdominal fat im-
ages were acquired using a 1.5 T, Cvi, GEMS scanner using a T-1
weighted sequence centered around L4-L5. Areas and volumes
were calculated using a semiautomatic program. Cardiac images
were acquired using a FIESTA sequence to obtain horizontal long
axis and parallel short axis projection of the ventricles. Mediastinic
and pericardial fat areas were calculated using a semiautomatic
program. Cardiac function and ventricular volumes were assessed
by semiautomatic planimetry of endocardial borders of each ventri-
cle at both end diastole and systole.
Results: All 25 male subjects had normal cardiac function (left
ventricular ejection fraction 65+2 %; end diastolic volume 68+3
ml/m2 ; end systolic volume 25+2 ml/m2). Independently of the de-
gree of obesity, HT subjects had increased visceral fat volume
(57±5 vs. 38±4 cm3/kgfat mass, p<0.008) as well as mediastinic fat
area (134±11 vs. 98±8 mm2/kgfat mass, p<0.02). On the other hand
pericardial fat was similar in the two groups (p=ns). Visceral and
mediastinic fat accumulation were highly correlated (r=0.63,
p=0.0007). In the whole group mediastinic fat was directly related
to insulin resistance (HOMA, r=0.65, p<0.0005), alanine amino-
transferase (ALT, r=0.58, p<0.005), gamma-GT (r=0.42, p<0.05),
systolic and mean blood pressure (r=0.46 p<0.02; r=0.41 p<0.05
respectively), even when accounting for age and degree of obesity.
Conclusions: Mediastinic fat depots, measured by MRI, has to be
considered as the same strength as visceral fat as risk factor in the
development of the metabolic syndrome. Pericardial fat accumula-
tion does not seem to play a major role. A single MRI examination
for cardiovascular function allows to identify further metabolic
risks of cardiovascular events.

468
Cardiac phosphorus-31 2-dimensional chemical shift imaging
(31P 2D CSI) in patients with late onset of Friedreich ataxia
C. Wolf1, S. Boesch2, C. Kremser1, B. Metzler3, W. Jaschke1, 
M. Schocke1; 1University of Innsbruck Radiology, Clinical
Division of Radiodiagnostic 1, Innsbruck, AUSTRIA, 2University
of Innsbruck, Neurology, Innsbruck, AUSTRIA, 3University of
Innsbruck, Cardiology, Innsbruck, AUSTRIA.

Introduction: Friedreich ataxia (FA), the most common hereditary
ataxia, is a progressive, neurodegenerative disorder characterized
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by degeneration of the large sensory neurons and spinocerebellar
tracts. It is clinically defined by gait and limb ataxia, dysarthria,
lower limb areflexia, decreased vibration sense, muscle weakness,
optic atrophy, deafness, and diabetes. The disease is often assoc-
ciated with cardiomyopathy. Patients with mainly an early onset of
FA were previously studied with the help of 31P MRS and showed
an impairment of the myocardial high-energy phosphate metabo-
lism. The purpose of this study was to investigate patients with a
late onset of FA using cardiac 31P 2D CSI and echocardiography.
Material and Methods: Using a 1.5 Tesla whole-body MR scan-
ner, we examined 10 patients (7 male, 3 female; mean age 34,1 a,
range 24-43 a) with a late onset of FA and without any history of
cardiovascular diseases. We also studied 35 male, healthy volun-
teers (mean age 33,8 a). Cardiac ECG-triggered 31P 2D CSI was
performed in both the FA patients and the volunteers by using
Nucleus Overhauser enhancement and a circular polarized double
resonator surface coil permitting the transmission and receipt of 1-
H resonnances at 63,5 MHz and 31-P resonances at 25,8 MHz. The
spectroscopic data were corrected for NOE, for partial saturation
effects and blood contamination. Myocardial high-energy phos-
phate metabolism was quantitated by forming the ratio between
phoshocreatine (PCr) and β -adenosine-tri-phosphate (β -ATP).
Statistical evaluations were performed with the help of SPSS 11.0
for windows (SPSS Inc.,Chicago, USA).
Results: The mean left ventricular PCr to β -ATP ratio of the FA
patients was 2.01 (± 0.37) and not significantly decreased com-
pared to the mean left ventricular PCr to β -ATP ratio of the volun-
teers (2.16 ± 0.37).
Conclusion: In contrast to Lodi et al (Cardiovasc Research 2001,
111-119), who found an impairment of high-ernergy phosphate me-
tabolism in patients with mainly an early onset of FA, we did not
detect a significant decrease in the left ventricular PCr to β -ATP of
our patient group with a late onset of FA.
We speculate that the mitochondrial impairment in the patients with
FA that has been suggested as a major cause for the decrease in car-
diac metabolism is less pronounced. Future studies must prove
whether cardiac 31P MRS can provide a prognostic factor for the
development of cardiomyopathy.

469
Singlet oxygen energy (SOE) illumination during cold
ischemia improves the preservative effect of the UW solution
on high energy phosphates in ischemic rat hearts
O. Rakotonirainy1, D. J. Lukes2, U. Skogsberg2, A. Nilsson2,
A. Lundgren2, A. Lindgårg1, M. Olausson2, B. Soussi1;
1Göteborg University, Wallenberg Laboratory, Bioenergetics
Group, Göteborg, SWEDEN, 2Göteborg University, Department of
Surgery and Transplantation, Sahlgrenska Hospital, Göteborg,
SWEDEN.

Purpose: Singlet oxygen energy (SOE) has been demonstrated to
be is a potent inhibitor of reactive oxygen species (ROS) in vitro
and in vivo and can mitigate the negative consequences of cold is-
chemia (CI) on heart transplants and skeletal muscle. We investi-
gated if SOE illumination in rat hearts during CI could improve the
preservative effect of the University of Wisconsin solution (UW)
on high-energy phosphate (HEP) levels.
Material and Methods: The hearts of 24 Lewis rats weighing 220
g were explanted with standard technique using cold (+ 4 ° C) UW.
They were subsequently immersed in UW. Half of the grafts were
illuminated for 10 minutes each period of 30 minutes with SOE
photons at λ 634 nm using the Valkion® equipment. After 2 or 4
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hours of ischemia, the hearts were snap frozen in liquid nitrogen
before freeze-drying. The samples were then minced to powder and
the nucleotides extracted using a 1.5 M perchlorid acid solution
containing 1 mM EDTA. The samples were then analyzed with in
vitro 31P Magnetic Resonance Spectroscopy (31P MRS) at 11.75 T
on a Bruker Avance DMX500 and the absolute concentrations in
µmol/g dry weight of phosphocreatine (PCr), inorganic phosphate
(Pi) and adenosine triphosphate (ATP) were obtained. Their con-
centrations were obtained by integrating their peak areas and com-
paring to the internal standard phenylphosphonic acid (PPA). The
phosphorylation ratio, PCr/β-ATP, a known correlate to biochemi-
cal and functional outcome, was calculated.
Results: After 2 hours of cold ischemia the group where SOE was
induced had a higher PCr/β-ATP ratio, 0.79 ± 0.36 vs. 0.31 ± 0.07
(p < 0.05). After 4 hours the difference in absolute numbers re-
mained, but failed significance, 0.58 ± 0.16 vs. 0.42 ± 0.19 (ns).

Fig.1. Relative ratio PCr/ATP. Comparison between non-illuminat-
ed (UW) and illuminated (UW-SOE) for 2h and 4h of ischemia.
The level of signifance for SOE-UW vs control is given for 2h is-
chemia.
Conclusions: Reduction of ROS through SOE illumination at λ
634 nm during cold ischemia (+ 4°C) improves the preservative ef-
fect of the UW solution on HEP in moderately ischemic rat hearts.
This might represent a new treatment modality in organ preserva-
tion and warrants further investigation.

470
Cardiac MRI and gated SPECT fusion imaging in the
assessment of the myocardial infarction (MI) transmurality
and viability
E. Skrobowska1, J. Misko2, N. Szalus3, J. Pietrzykowski3, 
A. Warczynska1, M. Dziuk4; 1Department of Radiology, Medical
Military Institute, Warsaw, POLAND, 2Department of Nuclear
Medicine, Central Rail Hospital, Warsaw, POLAND, 3Department
of Nuclear Medicine, Medical Military Institute, Warsaw,
POLAND, 4Department of Internal Medicine and Cardiology,
Medical Military Institute, Warsaw, POLAND.

Background: The determination of the MI extent, its transmurality
and viability may decide on revascularization procedures. There
are several modalities employed for that purpose.
Aim: Our objective was to evaluate concordance between cine-
MRI with MRI delayed enhancement study (MRI-DE) and rest
gated SPECT (GSPECT) myocardial perfusion scintigraphy in the
assessment of non- and transmural MI.
Material and Methods: We investigated 18 patients (mean age
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67,6 years) with stable coronary artery disease (CAD); 8 patients
with known previous MI and 10 patients with acute coronary event
with suspected MI. The Cardiac MRI was performed on the Signa
1.5 T scanner and consisted of cine imaging followed by Delayed
Enhancement (DE) protocol. Left ventricular volumes, ejection
fraction, mass were calculated using the MASS Medis package.
Additionally the diastolic thickness and systolic thickening polar
maps were generated in order to compare with scintigraphic data.
The MRI-DE and GSPECT images were fused using PMOD and
HERMES Medical Diagnosis system connected with MRI scanner
and dual-headed gamma-camera. The wall motion, thickening,
size, localisation and transmural extent of MI was analysed in each
modality and later in fused images in corresponding myocardial
segments.
Results: We found an very good concordance between GSPECT
and Cardiac MRI in the assessment of the MI localization, motion
and extent. In 3 patients the delayed enhancement (DE) in MRI
corresponded to completely loss of perfusion in SPECT. 7 patients
with non-transmural DE in MRI had impaired perfusion in this re-
gion in SPECT. In all patients regional systolic wall thickening was
similar in cine-MRI and gated SPECT analysis.
Conclusion: Assessment of morphological and functional abnor-
malities after MI is feasible on concordant in both methods. Fusion
imaging may be promising non-invasive method in diagnosis of
viable myocardium and improves the clinical accuracy of both
methods.

471
Late Gadolinium Enhancement (LGE), a marker of
myocardial damage, can be detected by contrast enhanced-
Cardiac Magnetic Resonance Imaging within the right
ventricle of patients with severe pulmonary hypertension. 
The extent of LGE relates to RV performance
K. G. Blyth, MB, MRCP1, T. N. Martin, MB,MRCP2, 
P. B. Mark, MB, MRCP2, J. Foster, PhD2, H. J. Dargie, MD,
FRCP2, A. J. Peacock, MD, FRCP1; 1Scottish Pulmonary
Vascular Unit, Western Infirmary, Glasgow, UNITED KINGDOM,
2Glasgow Cardiac Magnetic Resonance Unit, Western Infirmary,
Glasgow, UNITED KINGDOM.

Purpose/Introduction: Right Ventricular (RV) failure is common
in Pulmonary Hypertension (PHT). Late Gadolinium Enhancement
(LGE) at contrast enhanced Cardiac Magnetic Resonance Imaging
(ce-CMR) is a marker of myocardial damage in the Left Ventricle
(LV). The pattern of LGE relates to aetiology. We hypothesised that
LGE would be seen in the RV in PHT and it's extent would relate to
RV function.
Subjects & Methods: 6 patients (4 Pulmonary Arterial
Hypertension, 2 Chronic Thromboembolic PHT) underwent ce-
CMR on a 1.5 T Siemens Sonata. 5/6 had Cardiac Catheterisation
within 24 hrs. Short Axis cines, RV volumes, RV & LV mass were
determined by planimetry. Effective RV Stroke Volume, RV
Cardiac Output, Tricuspid Regurgitant volume & RV Ejection
Fraction (RVEF) were derived from Velocity-encoded Flow
Mapping. 10 minutes after Gadolinium injection, contrast sensitive
images were acquired and planimetry yielded LGE mass.
Results: Mean Pulmonary Artery Pressure averaged 52 mmHg
(range 49-58), invasive CO, 4.1 l/min (range 2.9-5.1). LGE was
seen in 5/6. 1/6 without LGE had a normal RV. LGE/Total Mass
correlated with a) RVEDV/Body Surface Area (r = 0.771, p =
0.036) & b) TR Volume (r = 0.771, p = 0.036). LGE mass correlat-
ed with RVEF (r = -0.9, p = 0.019).

Discussion/Conclusion: The results support our hypothesis that
Late Gadolinium enhancement is present in the RV of patients with
severe pulmonary hypertension and correlates with diminished RV
function.
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Observation of choline in normal breast tissue and malignant
breast lesions using selective excitation at 1.5T
P. C. Tan, M. Lowry, D. J. Manton, L. W. Turnbull; 
Centre for MR Investigations, University of Hull, Hull, UNITED
KINGDOM.

Introduction: It is now proposed that 1H MRS at 1.5T can be used
to distinguish benign and malignant breast lesions using the pres-
ence of the choline resonance as an indicator of malignancy.
However, the abundance of lipid protons in the breast results in the
1.3ppm lipid resonance dominating the acquired spectra, making
choline very difficult to detect. Consequently, some recent studies
have employed the STIR sequence to null lipid signals and hence
improve the dynamic range for choline. We investigate here an al-
ternative approach using PROSE, a spectral-spatial pulse sequence
that does not excite lipid or water. A comparison is also made with
STIR with regard to optimising choline visibility in breast lesions.
Subjects and Methods: Examinations were performed on 12
healthy volunteers and 10 patients with invasive ductal carcinoma
on a 1.5T scanner (GE Signa LX). Both single voxel MRS (voxel
size 1.0-3.4cm3, TR 1500ms, TE 88/144ms, volunteers 512 aver-
ages, patients 256 averages) and 2D CSI (8×8 matrix, 8cm FOV,
TR 1500ms, TE 144ms, 8 NEX) were performed using the PROSE
sequence. Corresponding CSI spectra with STIR (TI 118ms) were
also acquired, with CHESS water suppression. The single voxels
and at least one CSI voxel were placed completely within
parenchyma of volunteers, and within lesions of patients. Spectral
processing included 2.5Hz Gaussian line-broadening, zero-filling
to 4K points, Fourier transformation and phasing.
Results: Table 1 shows the results obtained. Overall, the PROSE
spectra of 5 out of the 12 volunteers had visible choline (Figure 1),
as opposed to none of the STIR spectra. Of 10 patients, 9 had visi-
ble choline in their PROSE spectra, compared to 1 with STIR
(Figure 2).
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Discussion and Conclusion: The above results clearly reveal the
advantage of not exciting the 1.3ppm lipid protons. As Figure 2
shows, although STIR reduced that lipid signal considerably,
enough was still left to dominate the spectrum, making the choline
signal harder to detect compared to PROSE. This was further illus-
trated by the observation of choline in normal parenchyma with
PROSE (Figure 1) and not STIR. Given that the choline signal is
very small even in lesions, any method that enhances its visibility
would be very welcome indeed. Furthermore, the detection of
choline in normal breast tissue at 1.5T has not, we believe, been re-
ported before, and implies the necessity for quantification as a
means of providing normal limits for lesion diagnosis in clinical
practice.
Supported by Yorkshire Cancer Research.

473
Quantitative R2* measurement of tumour oxygenation 
levels and correlation with pharmacokinetic enhancement
parameters
M. D. Pickles, G. P. Liney, M. Lowry, L. W. Turnbull; Centre
for Magnetic Resonance Investigations, University of Hull, Hull,
UNITED KINGDOM.

Introduction: Solid tumours have been shown to be hypoxic (1),
which can result in a more invasive and resistive phenotype (2).
Consequently a means of assessing hypoxia in tumours would be
advantageous. Polargraphic needles are considered the �gold� stan-
dard, but these are invasive. DCE-MRI kinetics have been shown
to correlate with polargraphic measurements (3,4), however this re-
quires expensive contrast agents. The aim of this study was to
measure tumour hypoxia with a non-invasive non-contrast agent
means of assessment utilising the spin-spin relaxation rate (R2*).
R2* data relies on BOLD contrast, oxyhaemoglobin is diamagnetic
whereas deoxyhaemoglobin is paramagnetic, therefore where de-
oxyhaemoglobin dominates there is rapid dephasing resulting in in-
creased R2*. It is believed that high R2* values represent reduced
oxygenation whereas low R2* values represent normal or high
oxygenation levels.
Methods: Fifteen patients with, biopsy proven breast cancer un-
derwent MRI; as part of that examination four gradient echo im-
ages TE 9, 18, 27, and 36 were acquired. The log of the signal
intensity was plotted against the TE, the resulting gradient of this
slope gave the R2* value. Pixel-by-pixel R2* maps were generated
(figure one) and the R2* value was recorded for lesion encompass-
ing ROI�s utilising an in-house developed program in Matlab 6.5.
Pharmacokinetic parameters Ktrans, Kep and Ve were obtained from
two regions, a ROI that encompassing the whole tumour and a �hot-
spot� from within that ROI. To determine if a relationship existed
between R2* and pharmacokinetic parameters a Pearson correla-
tion was performed.
Results: Figure two demonstrates the relationship between R2*
and Kep for the combined time-points, while the correlation coeffi-
cients and significance values between R2* and pharmacokinetic
parameters are presented in table one for pre-treatment, post two
cycles and combined time-points.
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Conclusion: The pharmacokinetic parameters Ktrans and Kep reflect
a combination of vascular density, perfusion and vascular endothe-
lial permeability and therefore reflect oxygen delivery, whereas Ve
represents the extravascular and extracellular space. The high cor-
relation coefficients between the pharmacokinetic parameters (Ktrans

and Kep) and R2* suggest that R2* data could act as a surrogate
marker of tissue oxygenation levels, thereby allowing a non-inva-
sive, non-contrast agent assessment of tumour oxygenation levels.
References:
[1] Gillies RJ, [2002] J. Magn. Reson. Imaging 16:430-450
[2] Pugh CW et al., [2001] Breast Cancer Research 3:313-317
[3] Cooper RA et al., [2000] Radiotherapy and Oncology 57:53-59
[4] Loncaster JA et al., [2002] Int. J. Radiation Oncology Biol.
Phys. 54:759-767
Supported by Yorkshire Cancer Research
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MRI detected ductal carcinoma in-situ: 6 year progress
findings on the annual screening of women at high risk for
hereditary breast cancer
A. Kam1, P. Causer1, K. Hill1, E. Warner2; 1MRI Centre,
Sunnybrook and Women's Health Sciences Centre, Toronto, ON,
CANADA, 2Sunnybrook and Women's Health Sciences Centre,
Toronto and Sunnybrook Regional Cancer Centre, Toronto, ON,
CANADA.

Purpose: To compare the use of MRI, ultrasound, mammography
and clinical breast examination in the detection of DCIS in the an-
nual screening of women at high risk of hereditary breast cancer.
Subject: Women aged between 25 to 65 were included in the study.
Patients are selected with the following eligibility criterias consid-
ered high risk of hereditary breast cancer: BRCA1 or BRCA2
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mutation carrier or first degree relative of mutation carrier or 3 or
more relatives with breast cancer below 50 years of age or ovarian
cancer. To date, 412 patients have been enrolled in the study and
have undergone their 1st annual screening. The study has been con-
tinuing for over 6 years with 67 patients having completed their 5th
annual screening. More than 70% of the patients are BRCA carri-
ers. Breast MRI, ultrasound, mammography and clinical examina-
tion are completed on the same day. Bilateral screening breast MRI
are performed with a combination of Sag T2 FSE FS, Sag T1 3D
SPGR (Pre and post Gad) with 3mm slices and 256x256 matrix.
MRI only detected lesions are recalled for high resolution MRI, re-
review of mammogram and repeat targeted ultrasound. MRI guided
tissue sampling is performed if neede. Annual follwo-up by ques-
tionnaire are obtained for 10 years.
Results: 39 cancers have been detected to date with 10 DCIS, 2
DCIS with micro-invasion, 26 invasive ductal carcinoma and 1 in-
vasive lobular carcinoma. Of the cases of DCIS found on screening
6 cases were detected only on MRI. MRI is the single most sensi-
tive modality for screening of women at high risk of breast cancer.
MRI is useful in the detection of DCIS. Imaging features of DCIS
including morphology and enhancement curves are correlated with
pathological findings and BRCA status.
Conclusion: MRI can effectively detect mammographically and
ultrasound visible and occult DCIS. Some DCIS remian occult on
all screening methods. BRCA associated DCIS are detectable at the
pre-invasive stage.

475
Feasibility of artificial neural networks in the classification of
breast MR lesions using textural and pharmacokinetic
parameters
M. Sreenivas, P. Gibbs, L. Turnbull; Centre for Magnetic
Resonance Investigations, University of Hull, Hull, UNITED
KINGDOM.

Introduction: With the ever increasing popularity of dynamic con-
trast enhanced (DCE) MRI in the breast and the relative scarcity of
breast MR radiologists, it would be advantageous if some form of
computer-aided diagnostic tool is developed for the classification
of breast lesions. In this work we have tried to demonstrate the
feasibility of multi layer-perceptron (MLP) neural networks for
such a task.
Subjects and Methods: Eighty-nine consecutive patients (mean
age 53 years) with ninety-nine breast lesions (48 benign, 51 malig-
nant) underwent DCE-MRI, after the injection of 0.1 mmol/kg Gd-
DTPA, between January 1999 and January 2002. Post-contrast
high-resolution (matrix size 512*512, field of view 20-36 cm) im-
ages were also acquired. All scans were performed on a GE 1.5 T
Signa unit with dedicated breast coil.
A single region of interest was drawn on the dynamic as well as on
the post contrast images, from which the pharmacokinetic (PK) and
textural features (calculated using the spatial gray level dependence
matrix) were obtained respectively. Intelligent problem solver in
STATISTICA Version 6 software (StatSoft, Inc.) was used to con-
struct 1,000 three layered feed forward MLPs (4 units in the input ,
3 to 4 units in the hidden, and 1 unit in the output layers). Back
propagation and conjugate gradient descent were used as training
algorithms. The single best MLP in terms of the lowest test, selec-
tion and training error was finally selected.
Results: The most significant textural parameters were sum aver-
age (SA) and sum entropy (SE) (p= 0.001 and 0.04, respectively).

Similarly Ktrans, Kep and wash out (WO) were the most significant
PK parameters (p<0.0001, p<0.0001, and p=0.009 respectively).
Ktrans and Kep demonstrated a high level of correlation (Pearson r =
+ 0.84, p < 0.0001). Since the amount of data is limited, only SA,
SE, Ktrans and WO were used for lesion classification. The perform-
ance of the best MLP (configuration 4:4-3-1:1) was analysed using
the receiver operating characteristic (ROC) curve as shown in the
figure. The area Az under ROC curve was 0.85 for this pilot study.
The network correctly predicted 42 out of 48 benign and 39 out of
51 malignant lesions.
Conclusions: MLP networks have the potential for accurately clas-
sifying breast lesions whilst utilising relatively few textural and PK
parameters. In the future more of such networks with various con-
figurations will be tried and tested on a bigger data to demonstrate
their robustness.

476
Setup for combined optical and MR mammography
B. Ittermann, A. Kummrow, F. Seifert, H. Rinneberg;
Medizinphysik und metrologische Informationstechnik,
Physikalisch-Technische Bundesanstalt, Berlin, GERMANY.

Introduction: We present a dual-modality technique combining
diffuse near-infrared spectroscopy (NIRS) and MRI for breast can-
cer detection. Time-domain NIRS allows to separate light scatter-
ing from absorption and thus to infer hemoglobin concentration
and blood oxygen saturation of tumors. Our combined experiment
is still under construction; here we report first phantom studies.
Methods: A schematic of the MR compatible NIRS unit is shown
in Fig. 1. The examined breast is inserted from the top and com-
pressed between two plates. Short (400 ps) laser pulses are multi-
plexed into 35 optical fibers ending in one plate. The light
transmitted through the tissue is collected by eight fiber bundles in
the opposite plate and guided to photomultiplier tubes outside the
tomograph (3T Bruker Medspec). A transmit/receive surface coil
producing a vertical B1 field surrounds the whole unit. In this way
any desired illumination direction in the horizontal plane is accessi-
ble which is known to be important from an ongoing clinical NIRS
study [1]. This feature represents the major technical advancement
compared to an otherwise similar instrument described by
Ntziachristos et al. [2].
For testing we used agarose phantoms with tissue-like scattering
properties achieved by adding 500-nm quartz beads. A 10-mm
epoxy sphere with similar scattering properties but higher optical
absorption simulated a tumor.
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Fig. 1 Schematic of the compression unit. Light propagation is
from the left to the right. The surface coil surrounds both plates
horizontally.
Results and Discussion: NIRS and MR images of this phantom
are shown in Fig. 2. To allow for direct comparison, the optical data
were measured by scanning source and detector fibers in tandem
and not in the tomographic arrangement of Fig. 1. The projection
map of the optical absorption coefficient clearly suffers from edge
truncation and limited resolution. In upcoming in-vivo studies,
MRI data will provide the true spatial distribution of fat, parenchy-
ma, and other tissue compartments. This will enhance the diagnos-
tic accuracy of NIRS due to more reliable optical parameters for
lesions and healthy tissue.

Fig. 2: Imaging of a 1-cm epoxy absorber in a 15x12x5 cm3

agarose phantom. a) Absorption coefficient µa (670 nm) as calcu-
lated from NIRS data. b) Spin-echo image (TE/TR = 60/1780 ms)
showing the true geometry.
References:
[1] Grosenick D et al. [2004] Phys Med Biol 49:1165-81.
[2] Ntziachristos V et al. [2002] Neoplasia 4:347-354.
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Comparison of HR MAS MR spectra from breast cancer with
patient diagnosis
L. R. Jensen1, B. Sitter2, T. Bathen2, S. Lundgren2, 
J. Halgunset3, H. E. Fjøsne4, I. S. Gribbestad2; 1Dept of Physics,
NTNU, Trondheim, NORWAY, 2Cancer Clinic, St. Olavs Hospital,
Trondheim, NORWAY, 3Dept. of Cancer Research and Molecular
Medicine and Laboratory Medicine, NTNU, Trondheim, NORWAY,
4Dept. of Surgery, St. Olavs Hospital, Trondheim, NORWAY.

Introduction: The chemical composition of breast tumours might
provide additional information important for the patient treatment
plan. The purpose of this study was to investigate if high-resolution
magic angle spinning (HR MAS) MR spectra of intact tissue from
breast cancer patients correlate to the clinical evaluation.
Subjects and Methods: Breast cancer and adjacent non-involved
tissue were excised from patients (n=20) with palpable breast le-
sions (average age 60 years). Two cancerous and two adjacent non-
involved samples were analysed from all patients. Tissue
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specimens (n=80, average weight 12,8 mg) were analysed in phos-
phate buffered saline in a 50 µ L MAS rotor (4 mm o.d). HR MAS
experiments were performed on a Bruker Avance DRX600 spec-
trometer. Samples were spun at 5 kHz and all experiments per-
formed at 4° C. Proton spectra were recorded using a standard
spin-echo sequence (cpmgpr; BRUKER) with 285 ms total echo
time and water suppression. Principal component analysis (PCA)
was performed using the spectral region 2.9 - 4.7 ppm. One sample
was excluded because of extreme score values (outlier). Score val-
ues and principal components were compared to patient diagnosis,
tumour grading, tumour size, lymph node status and microscopic
evaluation of sample tissue composition. After HR MAS analysis,
the tissue specimens were fixed in 10% formalin and embedded in
paraffin. The relative areas of normal and neoplastic epithelial ele-
ments, necrotic tissue, fat and fibrous connective tissues were
scored visually by a pathologist.
Results and Discussion: PCA led to a separation of the majority of
malignant and non-involved samples, whereas samples from pa-
tients diagnosed with IDC II and III could not be distinguished
(Figure 1). Non-involved samples showed a higher content of glu-
cose, and reduced levels of lactate, glycine, taurine and phospho-
choline compared to samples from tumours. Most samples
comprised large amounts of connective tissue. Cancer cell content
in samples from tumour varied from 0 to 60 %, the majority con-
tained 10-20% cancer cells. The fraction of cancer cells in the sam-
ple had influence on the first principal component. Tissue
composition was similar in the parallel tissue samples from each
patient, and showed similar scores in PCA.
Conclusion: PCA analysis of HR MAS MR spectra indicate that
spectral pattern depend on tissue composition and correlate to other
clinical parameters.

Figure 1: PCA score (A) and loading profile (B) of 79 samples
from breast cancer patients. O: Non-involved samples, ∆: Invasive
ductal carcinomas grade II, X: Invasive ductal carcinoma grade III.

478
Contrast-enhanced magnetic resonance mammography for
screening of the contralateral breast in patients with diag-
nosed breast cancer
F. Pediconi, C. Catalano, F. Venditti, S. Padula, A. Roselli, 
R. Passariello; Department of Radiological Science, Institute of
Radiological Science, Rome, ITALY.

Purpose: To determine the role of contrast-enhanced Magnetic
Resonance Mammography (CE-MRM) for the evaluation of con-
tralateral breast in patients with recently diagnosed breast cancer.
Materials and Methods: Fifty consecutive patients with proven
unilateral breast cancer and a negative contralateral breast at physi-
cal examination, ultrasound and mammography, were evaluated.
CE-MRM was performed in the axial plane at 1.5 T using a bilater-
al surface breast coil. The CE-MRM protocol comprised a T2-
weighted STIR sequence and a dynamic 3D Flash T1-weighted
sequence acquired before and at 2, 4, 6, 8 and 10 min after the ad-
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ministration (2 ml/s followed by a 10 ml saline flush) of Gd-
BOPTA at 0.1 mmol/Kg. Mammographic parenchymal density was
evaluated according to the Breast Imaging Reporting and Data
System lexicon as class 1 (fatty) to 4 (dense).
The level of suspicion was reported on a scale of 0 to 5 according to
the BI-RADS classification, based on lesion morphology and ki-
netic features of the CE-MRM findings. Results were compared
with histological findings after biopsy or surgery.
Results: Fourteen of 50 patients (28%) had contralateral lesions
identified on CE-MRM. Four of these 14 patients were classified as
BI-RADS 4 (suspicious for the presence of malignant lesions) and
underwent lesion biopsy, while ten patients were classified as BI-
RADS 5 (highly suggestive for the presence of malignant lesions)
and underwent surgery. At histology 11 lesions were found to be
malignant (5 DCIS, 2, LCIS, 3 infiltrating ductal carcinomas and
one invasive lobular carcinoma) and were considered to be true
positive lesions. Conversely 3 lesions were fibroadenomas and
were considered to be false positive lesions. No false negative le-
sions were detected on CE-MRM and none of the patients with fi-
broadenomas were classified as BI-RADS 5.
Conclusion: Our results demonstrated very good accuracy of CE-
MRM for the detection of synchronous contralateral cancer in pa-
tients with newly diagnosed breast cancer. CE-MRM could be
introduced as a screening examination in patients with proven
breast cancer before surgery.

479
Contrast-enhanced magnetic resonance mammography 
(CE-MRM): improvement in breast lesion detection and
characterization with gadobenate dimeglumine (Gd-BOPTA)
vs. gadopentate dimeglumine (Gd-DTPA)
F. Pediconi, C. Catalano, F. Venditti, S. Padula, E. Moriconi,
R. Passariello; of Radiological Science, of Radiological Science,
Rome, ITALY.

Purpose: The purpose of this study was to compare Gd-BOPTA at
0.1 mmol/kg bodyweight with Gd-DTPA at 0.1 mmol/kg body-
weight for the detection and characterization of breast lesions.
Materials and Methods: Twenty-five consecutive patients with a
suspected breast tumor on mammography and sonography under-
went two CE-MRM examinations within 72 hours using an identi-
cal T1w 3D FLASH sequence. Image acquisition was performed
pre-dose and at 1, 2, 3, 4 and 5 minutes after the randomized injec-
tion of either 0.1 mmol/kg Gd-DTPA or 0.1 mmol/kg Gd-BOPTA
at an identical flow rate of 2 ml/s. Separate and combined assess-
ment of non-enhanced, enhanced and subtracted images was per-
formed blindly by two readers. Evaluation was also performed of
the signal intensity, morphology and enhancement behavior of the
detected lesions. Diagnostic accuracy was determined on a per le-
sion and a per breast basis. The sensitivity and specificity for lesion
detection and characterization was calculated. Histopathologic ex-
amination after surgical excision was performed for all lesions.
Results: One patient was excluded from the study due to motion
artifacts in the subtracted images. On a per lesion basis the sensitiv-
ity for lesion detection was 98% with Gd-BOPTA and 80% with
Gd-DTPA. On a per breast basis the sensitivity and specificity for
detection was 100% and 100% with Gd-BOPTA, and 93% and
100% with Gd-DTPA, respectively. Higher sensitivity and speci-
ficity values with Gd-BOPTA compared to Gd-DTPA were also ob-
tained for breast lesion characterization. The greater lesion
enhancement achieved with Gd-BOPTA permitted the detection of
3/3 multifocal tumors, 1/1 multicentric tumors and 3/3 bilateral tu-

mors. Conversely, Gd-DTPA enabled the detection of 2/3 multifo-
cal tumors, 1/1 multicentric tumors and 1/3 bilateral tumors.
Conclusions: Greater diagnostic accuracy for breast lesion detec-
tion and characterization is achievable with 0.1 mmol/kg Gd-
BOPTA compared with an equivalent dose of Gd-DTPA.

480
Quantitative evaluation of metabolites in breast cancer tissue
using HR MAS MRS
N. K. Reitan1, B. Sitter2, S. Lundgren2, J. Halgunset3, 
H. E. Fjosne4, D. E. Axelson5, I. S. Gribbestad2; 1Dept. of
Physics, NTNU, Trondheim, NORWAY, 2Cancer Clinic, St. Olavs
University Hospital, Trondheim, NORWAY, 3Dept. of Cancer
Research and Molecular Medicine and Laboratory Medicine,
NTNU, Trondheim, NORWAY, 4Dept. of Surgery, St. Olavs
University Hospital, Trondheim, NORWAY, 5MRi_Consulting,
Kingston, ON, CANADA.

Introduction: High-resolution magic angle spinning MR spec-
troscopy provides a method to study metabolic composition of in-
tact tissue specimens. Breast tissue is heterogeneous with large
amounts of fat, and spin-echo sequences can be used to suppress
the dominating lipid signals. The aim of this study was to quantify
metabolites in cancerous and non-involved breast tissue using spin-
echo spectra.
Subjects and Methods: Specimens of breast cancer tissue and ad-
jacent non-involved tissue were excised from patients (n=12) with
invasive ductal carcinomas, grade II (n=6) and III (n=6). Tissue
samples (average weight = 12.8 mg) were immersed in phosphate
buffered saline in a 50 µ L MAS rotor (4 mm o.d.). The PBS con-
tained formate (10 mM) and TSP (1 mM) as external standards.
Standard concentrations were corrected for buffer loss in rotor as-
sembling.
HR MAS experiments were performed at 4° C using a Bruker
Avance DRX600 spectrometer. Proton HR MAS spin-echo experi-
ments (cpmgpr; BRUKER) were performed with 285 ms total echo
time, spinning rate of 5 kHz and an additional 30 s relaxation delay.
Metabolite T2 values were measured from a series of spin-echo
spectra with echo times varying from 101 to 6300 ms using in-
house software. Peak areas were calculated by curve fitting
(PeakFit from Jandel Scientific, USA). Metabolic concentrations
were estimated from the spin echo spectra after T2-correction.
After HR MAS analysis, the tissue specimens were fixed in 10%
formalin and embedded in paraffin. One 5 µ m section was cut
from each block, stained and examined microscopically. The rela-
tive areas of tissue types were scored visually.
Results: T2 values and metabolite concentrations are shown in
Table I and II, respectively.
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Levels of choline, creatine, phosphocholine, glycerophospho-
choline, glycine, lactate and taurine were elevated in cancerous sam-
ples compared to non-involved, whereas glucose was reduced. T2
relaxation times were significantly longer for glucose, glycine and
taurine in tumour samples than in non-involved. Spectra from non-
involved samples had generally lower S/N ratio than spectra from
cancerous samples and T2 and metabolite concentrations could not
be calculated for some spectra. No significant difference could be
found in T2-values between samples from IDC II and IDC III.
Conclusion: Significant differences were found for both T2 relax-
ation times and metabolic concentrations in malignant and non-in-
volved breast tissue.
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A comparison of ventilation defects assessed by
hyperpolarized 3He MR imaging and 81mKr scintigraphy in
healthy volunteers and COPD patients
T. Stavngaard1,2, L. Vejby Søgaard1, L. G. Hanson1, 
J. Schmiedeskamp3, J. Mortensen2; 1Danish Research Centre for
Magnetic Resonance, Hvidovre Hospital, Hvidovre, DENMARK,
2Dept. of Clinical Physiology and Nuclear Medicine,
Rigshospitalet, Copenhagen, DENMARK, 3Institut für Physik,
University of Mainz, Mainz, GERMANY.
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Introduction: Hyperpolarized 3He MR imaging (HP-MRI) of the
lung provides information of regional ventilation. Routinely this is
evaluated by scintigraphy with different nuclear agents.
Comparisons between HP-MRI and scintigraphy have indicated
agreement of ventilation distribution, however systematic evalua-
tions of the two methods together have only recently been pursued.
Here, we visually compare HP-MRI with 81mKr Single Photon
Emission Computed Tomography (SPECT) in patients with
Chronic Obstructive Pulmonary Disease (COPD) and lung healthy
volunteers.
Subjects and Methods: 25 COPD patients (FEV1<70% predicted)
and 8 lung healthy were imaged with HP-MRI and 81mKr-SPECT
(Figure 1). The examinations were performed within 2 weeks. The
3He gas was polarized in Mainz and transported to Copenhagen by
air. A Siemens Vision scanner 1.5 T equipped with a 3He/1H bird-
cage coil was used. Coronal images were acquired after inhalation
of 300 ml 3He during a 12s breath hold (2D FLASH, TR/TE
11ms/4.2ms, flip angle < 10o, FOV 340mm, slice thickness 10mm,
matrix 81x128 interpolated to 256x256). 81mKr-SPECT was ac-
quired at tidal breathing (Millenium MG, GE; matrix
128x128x128, voxel size 4.52mmx4.52mmx4.52mm).
The HP-MRI and 81mKr-SPECT were scored visually in consensus
by two blinded readers and independently for each subject�s other
series of images. The severity of ventilation defects was estimated
as the percentage of non-ventilated lung.
Results: The extent of ventilation defects assessed from 81mKr-
SPECT images and HP-MRI are shown in Figure 2 (all patients,
slope of regression line: 0.56, p<0.0001 ;COPD only, slope of re-
gression line: 0.61, p=0.0001 ).
Discussion/Conclusion: We found good correlation in the scoring
between the severity of ventilation defects in HP-MRI and 81mKr-
SPECT. Surprisingly, the ventilation defect extent assessed by
81mKr-SPECT was higher than for HP-MRI. Although both modali-
ties represent ventilation distribution, the breathing technique dif-
fers: HP-MRI is obtained at breath hold at maximal inspiration
(TLC), while 81mKr-SPECT is performed during continuous tidal
breathing at functional residual capacity (FRC). Pilot 81mKr-scintig-
raphy studies indicate a reduction of defect extent at TLC by 1/3
compared to FRC. In conclusion the overall ventilation defect per-
centage assessed by HP-MRI and 81mKr-SPECT agree (considering
ventilation state), however the increased spatial resolution of HP-
MRI allows for more detailed regional analysis. HP-MRI provides
an alternative to nuclear medicine techniques in functional lung di-
agnosis.

Table I. Mean T2 values (ms) and standard deviation for standards
and metabolites in infact cancerous and non-involved breast tissue
from 12 breast cancer patients. Mean values are calculated from
number of samples in paranthesis. Groups were compared using
student�s t-Test.

Table II. Mean concentrations (µmol/gram tissue) and standard
deviations of metabolites in intact cancerous and non-involved
breast tissue from 12 breast cancer patients. Correction for T2
damping is done for each individual component in multiplets. If
not obtainable the average T2 was used. Groups were compared
using student�s t-Test.
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Figure 1 Coronal slices acquired with HP-MRI (left) and 81mKr-
SPECT (right) in a healthy (upper) and COPD patient (lower).

Figure 2 Percentage of non-ventilated lung estimated by HP-MRI
and 81mKr-SPECT for 33 subjects.
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Metabolic and T2-relaxation time mapping of prostate using
2DCSI method
Z. Rozhkova, V. Rogozhyn, S. Vozyanov; Mri, Radiological
Center of the Academy of Medical Sciences of Ukraine, Kyiv,
UKRAINE.

Purpose: We propose quantitative description of metabolic and
T2-relaxation time alteration of prostate tissue for differential diag-
nosis between prostatic carcinoma (PC) and benign changes such
as hyperplasia (BPH) and inflammation.
Subjects and Methods: Two groups of patients are examined by
1.5 T Magnetom Vision(SIEMENS). The 1st group (PG) includes
10 patients (34-76y), the 2nd group (VG) consists of 4 healthy vol-
unteers (32-48y). For choice of size and position of spectroscopic
VOI the T2-W MR-images with 2DTSE sequence (TR/TE =
4300/135 ms) were obtained. For building of the metabolic map the
1H MR-spectra are recorded with 2DCSI sequence:TR/TE =
1500/60 ms. In T2-relaxation time measurement the 1H MR-spectra
are recorded in two regions of the prostate (in the central zone (CZ)
and in the peripheral zone (PZ)) with SVSSTEAM sequence:
TR/TE = 1500/60,80,100,140,180 ms. All spectra are recorded
with and without of water suppression.
Results: Lesions identified on T2-weighted images were analyzed
using the following criteria: low-signal nodule (well circum-
scribed, rounded low-signal area), low-signal zone (irregular, less
circumscribed low-signal area), heterogeneous zone (mixed, high-
and low-signal area), central gland asymmetry. Retained criteria for
capsular penetration were the following: irregularities or bulge of
prostate contour (on T1- and T2-weighted images), filling of
prostato-rectal fatty triangle (on T1- and T2-weighted images),
lowering of high signal from the venous plexus (T2-weighted im-
ages) and broad contact with the capsule (T2-weighted images).

From 1H MR spectra the peak areas of main metabolite signals: cit-
rate (Cit, 2.6 ppm), creatine (Cr, 3.0 ppm) and choline (Cho, 3.2
ppm) and the mean peak height ratios of R = Cit/(Cr+Cho) are ob-
tained. The values R>1.12 are indicative for PC, R>2.30 - for BHP,
R>4.14 - for normal regions of prostate tissue. In the VG the mean
values of T2 for water (Wat), and for Cit, Cr, and Cho are the fol-
lowing: T2

CZ(Wat)=(71.3+-0.56) ms, T2
CZ(Cit)=(170.2+-0.23) ms,

T2
CZ(Cr)= (134.5+-0.3) ms, and T2

CZ(Cho)=(254.13+-0.81) ms;
T2

PZ(Wat)=(123.5+-0.74) ms, T2
PZ(Cit) =(216.8+-0.79) ms,

T2
PZ(Cr)=(241.2+-0.15) ms, T2

PZ(Cho)=(323.7+-0.2) ms. In the PG
the values of T2 (from 56. 4 to 93.2 ms) are indicative for water
signal in PC, and (from 98.7 to 117.4 ms) - for BHP.
Conclusion: We have obtained spatial maps of citrate and water con-
tent and T2 telaxation time distributions in the prostate tissue in the
norm and under pathologies. Metabolic and T2-relaxation time map-
ping can be helpful for diagnosis and characterization of clinically
localized PC and also for the estimation of efficiency of therapy.

483
Evaluation of the independent contribution of T2 weighted
and dynamic post-Gadolinium images in MRI - Evaluation of
the liver
J. Szklaruk1, C. S. Ng1, S. C. Faria1, M. F. Munsell2;
1Diagnostic Radiology, MD Anderson Cancer Center, Houston,
TX, 2Biostatisitics, MD Anderson Cancer Center, Houston, TX,
UNITED STATES.

Purpose: Our goal was to evaluate the independent contributions
of T2 weighted (T2W) and dynamic post-Gadolinium 2-D gradient
echo (DYN) images to the final MRI report in patients undergoing
MRI evaluation of the liver.
Subjects and Methods: The images of 20 consecutive patients
with known liver lesions, who had undergone the following MRI
liver protocol were retrospectively reviewed: axial double echo T2-
weighted fat suppressed fast spin echo (�T2W�, ETL = 12, TE/TR
= 68/136/4000 msec), axial dynamic intravenous Gadolinium 2-D
FMSPGR (�DYN�, 4.2/110 msec), and axial pre- and post-
Gadolinium T1-weighted spin echo (TE/TR = 9/600 msec). The
T2W and DYN images in isolation, and subsequently the entire
protocol, were reviewed by two observers specialized in abdominal
imaging. The three groups or sequence reviews were undertaken
independently of each other, and separated in time. The entire pro-
tocol was considered the gold standard. For T2W images, lesions
that demonstrated smooth borders and increased contrast on long
TE T2W sequences were considered benign (B). For the DYN im-
ages, lesions that did not enhanced or demonstrated the typical en-
hancement pattern for hemangioma were considered benign (B).
For T2W images, lesions that demonstrated irregular margins, het-
erogeneous signal, and/or significant loss of contrast on the long
TE T2W sequences were considered malignant (M). For DYN im-
ages, lesions with a pattern of ring enhancement, heterogeneous en-
hancement, and/or significant washout on delayed images were
considered malignant (M). For T2W and DYN images, lesions that
could not be confidently categorized as B or M were considered in-
determinate (I). Lesions were considered questionable (Q) when
there was a question of a true lesion versus abnormal signal due to
an artifact.
Results: The review of the entire liver protocol (gold-standard) re-
ported 105 lesions (categorized as, B=11, M=33, I=51, Q=10). Of
these, 87% (91/105) were prospectively identified on the T2W, and
75% (79/105) on the DYN images. The false negative detection
rate was significantly lower for T2W images, 53% (55/105) vs.
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15% (16/105), p<0.001. In contrast, the review of the DYN images
alone agreed with the final report in a significantly higher propor-
tion of the 105 gold standard lesions compared to the T2W images:
87% (69/79, CI 78%-94%) vs. 67% (61/91, CI 56%-77%),
p=0.002.
Conclusion: Both the T2W and DYN sequences make a significant
individual contribution to lesion detection and characterization.
Consideration should be given to including both sequences in a
thorough MRI evaluation of the liver.

484
Model-based time-domain fitting versus frequency-domain
analysis applied to prostate MRSI
P. Pels1, E. Ozturk2, L. Vanhamme1, S. Van Huffel1, 
S. J. Nelson2; 1Electrical Engineering, Katholieke Universiteit
Leuven, Heverlee-Leuven, BELGIUM, 2Radiology, University of
California San Francisco, San Francisco, CA, UNITED STATES.

Introduction: The ratio of the concentrations of choline+crea-
tine+polyamines over that of citrate (CCP/C), as observed in
prostate MRSI spectra, has been used for the prostate cancer local-
isation and diagnosis [1]. Accuracy performances of a model based
Time-Domain Fitting (TDF) and a Frequency-Domain Analysis
(FDA) method were compared for the estimation of CCP/C.
Methods:
Signals
Simulated signals representing five typical cases of prostate spectra
are shown in Figure 1. Two hundred different white Gaussian noise
realizations were added to the simulated spectral signals for four
different noise levels, and the signals were processed using both
methods to estimate the ratio CCP/C.
Time Domain Fitting
The time-domain method used was the AMARESf algorithm [2],
which models the time-domain signal with a sum of exponentially
damped sinusoids and filters out nuisance resonances by using a
Finite Impulse Response Filter. Polyamines were not included in
the model function, because their large linewidths induce estima-
tion errors.
Frequency Domain Analysis
First part of the FDA [3] included filtering of the spectral signal,
followed by the Fourier transformation in both the spectral and spa-
tial domains, and first-point phase correction. Second part of the
method included further phase, frequency shift, and water baseline
corrections, and peak height, area, and ratio estimations.
Results: The results of the simulations are shown in Table 1. 

Discussion/Conclusion: TDF method was more accurate in the es-
timation of CCP/C ratio for four of the five simulated spectra cases.
Both methods underestimated the CCP/C ratio for different rea-
sons.

S286

In the TDF method, the underestimation bias was induced by the
fact that the polyamines were left out in the calculation of the ratio.
It was observed that for the normal case deleting up to nine initial
data points reduced the RMSE of the TDF method to a value simi-
lar to that of the FDA method.
The bias error of the FDA method was also due to the underestima-
tion of the CCP/C ratio, which arose from the fact peak integration
excluded some parts of the peak tails, and applied baseline model-
ing and subtraction which might have reduced the peak intensities.
References:
[1] Coakley FV, Qayyum A, Kurhanewicz J, [2003] J Urol. 170(6
Pt 2):S69-75
[2] Sundin S, Vanhamme L, Van Hecke P, Dologlou I, Van Huffel
S. [1999] J Magn Reson 139(2): 189-204
[3] Nelson SJ, [2001] Magn Reson Med.;46(2):228-39

485
Evaluation of common bile duct stone prior to laparoscopic
cholecystectomy: comparison of magnetic resonance
cholangiography with clinical findings
J. Y. Choi, J. Chung, M. Kim, K. Kim; Department of
Diagnostic Radiology, Severance Hospital, YUMC, Seoul,
REPUBLIC OF KOREA.

Purpose: To evaluate the clinical usefulness of magnetic resonance
cholangiography (MRC) in patients with gallstones prior to laparo-
scopic cholecystectomy and to compare the MRC findings with
those of ultrasonography, endoscopic retrograde cholangiography
(ERC) and laboratory biochemical studies.
Subjects and Methods: A total of 106 patients (M:F = 45:61) with
gallstones were studied who underwent both preoperative MRC
and laparoscopic cholecystectomy. MRC findings were compared
with those of ultrasonography, ERC and biochemical studies such
as serum transaminase, alkaline phosphatase (ALP) and total
bilirubin. The interval between MRC and operation was less than
10 days. Maximum intensity projection MR images including mul-
tiplanar source images were evaluated after obtaining T2-weighted
axial and coronal images, regarding to stones in the gallbladder
(GB) and common bile duct (CBD), and CBD dilatation.
Results: Twenty-four (23%) of 106 patients had CBD stones, and
the results of detection of CBD stones on MRC were as follows:
sensitivity 92%, specificity 95%, positive predictive value 85% and
accuracy 94%. On MRC, 84 patients (79%) only showed GB
stones and 22 patients (21%) showed both GB and CBD stones. On
ultrasonography (n=54), 3 patients (6%) showed both GB and CBD
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stones. On ERC (n=25), 18 patients (72%) showed CBD stones and
1 patient (4%) showed GB and CBD stones. Among 106 patients
ALP was increased in 22 patients (21%), transaminase was in-
creased in 29 patients (27%), and bilirubin was increased in 32 pa-
tients (30%). Of 24 patients with CBD stones, ALP was increased
in 12 patients (50%), transaminase was increased in 11 patients
(46%), and bilirubin was also increased in 11 patients (46%). Ten
(31%) of 32 patients with increased bilirubin and 11 (50%) of 22
patients with increased ALP showed CBD stones.
Conclusion: Non-invasive and accurate MRC of patients with GB
stone and suspicious CBD stone should be selectively recommend-
ed for exact evaluation of CBD before laparoscopic cholecystecto-
my, even though ultrasonography or biochemical study is not
indicative of CBD stones.

486
Are the delay images necessary to evaluate the liver metastatic
lesions on mangafodipir trisodium enhanced liver MRI? -
Comparison with hepatocellular carcinomas
J. Chung, M. Kim, K. Kim; Department of Diagnostic
Radiology, Severance Hospital, YUMC, Seoul, REPUBLIC OF
KOREA.

Purpose: To assess whether ring enhancements of liver metastases
on MnDPDP-enhanced early MR images were well visualized on
delay images, compared with those of hepatocellular carcinomas
(HCC), and to investigate the detection accuracy and conspicuity of
each tumor.
Subjects and Methods: Twenty patients with liver metastases and
15 patients with HCC were studied by MnDPDP-enhanced T1-
weighted MR images. Peripheral ring enhancement and conspicu-
ity were investigated. Differences in detection accuracy and
frequency of ring enhancement in liver metastases and HCC were
assessed.
Results: In liver metastases (n=69), 44 cases (63.8%) without ring
enhancement and 25 cases (36.2%) with ring enhancement were
noted on early images. Sixteen cases (23.2%) without ring en-
hancement, 38 cases (55.1%) with similar ring enhancement as
early images and 15 cases (21.7%) with prominent ring enhance-
ment were noted on delay images. In HCC (n=37), 36 cases
(97.3%) without ring enhancement and 1 case (2.7%) with ring en-
hancement were noted on early images. There was no difference of
detection accuracy in liver metastases or HCC between 2 readers.
Ring enhancement and conspicuity of each tumor were superior on
delay images. Ring enhancement in liver metastases was more well
seen on delay images.
Conclusion: Ring enhancement in liver metastases was well seen
on MnDPDP-enhanced delay MR images, which was useful to dif-
ferentiate liver metastases from HCC.

487
Gradient- and Spin-Echo (GRASE) T2-weighted imaging for
SPIO-enhanced detection and characterization of focal liver
lesions 
T. Yoshikawa1,2, D. G. Mitchell1, Y. Ohno2, M. Fujii2, 
K. Sugimura2, K. Oda3, T. Maeda4; 1Department of Radiology,
Division of Magnetic Resonance Imaging, Thomas Jefferson
University, Philadelphia, PA, 2Department of Radiology, Kobe
University Graduate School of Medicine, Kobe, JAPAN,
3Department of Radiology, Kurashiki Central Hospital, Kurashiki,
JAPAN, 4Department of Radiology, Tenri Hospital, Tenri, JAPAN.

Introduction: It has been reported that Superparamagnetic iron
oxide (SPIO) administration can improve the detectability of ma-
lignant liver lesions, but there is no consensus regarding the opti-
mum imaging technique. T2*-weighted gradient-echo technique is
sensitive to SPIO, but it may have poor image quality. Fast spin-
echo (FSE) technique, especially with shortened acquisition time,
has less susceptibility contrast. Gradient- and spin-echo (GRASE)
is a fast T2-weighted combined gradient-echo and spin-echo tech-
nique with attributes that are potentially desirable for use with
SPIO-enhancement. We therefore evaluated SPIO-enhanced
breath-hold T2-weighted GRASE imaging in detection and charac-
terization of focal liver lesions, compared with two other T2-
weighted techniques.
Subjects and Methods: Two GRASE sequences with different
echo time (75 and 90 msec, GRASE75 and GRASE90) were com-
pared with respiratory-triggered FSE (RT-FSE) and breath-hold
FSE (BH-FSE). Unenhanced and SPIO-enhanced MR images ob-
tained in 30 patients with 39 malignant and 29 benign lesions were
retrospectively analyzed. Image quality and artifacts were scored
by four-point scale. For sensitivity and specificity calculation in le-
sion detection, images were reviewed on a segment-by-segment
basis; 240 liver segments were reviewed separately for malignant
and benign lesions by two independent observers. Signal-to-noise
ratio (SNR) of liver and spleen, and lesion-to-liver contrast-to-
noise ratio (CNR) were measured. The reductions in relative SNR
(%SNR decrease) of liver and spleen were calculated as
[(SNRprecontrast - SNRpostcontrast) / SNRprecontrast] * 100 (%).
Results: The scan times of both GRASE techniques were reduced
to 73 to 79% compared with that of BH-FSE. The overall qualities
on the GRASE images were higher than on the RT-FSE images, al-
though signal inhomogeneities were more frequently observed
(Table 1). BH-FSE had higher specificity than that of RT-FSE and
GRASE90 for detection of malignant liver segments (Table 2), and
also showed a non-significant trend towards higher sensitivity. The
mean SNRs and CNR with RT-FSE were significantly highest
(Table 3). The mean %SNR decreases were lowest with the BH-
FSE (Table 4).
Discussion: GRASE had higher image quality than RT-FSE, and
GRASE75 had diagnostic accuracy similar to BH-FSE. BH-FSE
has less susceptibility contrast than GRASE, and is therefore less
sensitive to SPIO. Further development of GRASE, to improve
SNR and other parameters of image quality, may make it the pre-
ferred technique for post-SPIO imaging.
Conclusion: T2-weighted breath-hold GRASE imaging is more
sensitive to SPIO than FSE, and it can be used as a faster alterna-
tive for post-SPIO imaging.
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488
3D MR Colonography using two-dimensional parallel
acquisition technique
G. Steidle1, J. Schaefer2, H. Schlemmer2, C. D. Claussen2, 
F. Schick1; 1Section on Experimental Radiology, University of
Tuebingen, Tuebingen, GERMANY, 2Department of Diagnostic
Radiology, University of Tuebingen, Tuebingen, GERMANY.

Purpose/Introduction: To avoid motion artifacts by breathing,
pulsations or peristalsis for three dimensional MR colonography
(3D MRC) ultra fast T1 weighted 3D GRE sequences in combina-
tion with parallel acquisition techniques (PAT) are used. Up to now,
PAT was only possible in one phase encoding direction for 3D se-
quences. A new MR system allows two dimensional PAT (2D PAT)
in both phase encoding directions leading to a clear shortening of
the acquisition time. In this work in-vitro and in-vivo examinations
were performed to investigate the potentials of the new PAT tech-
nology for shortening acquisition time or increasing resolution for
bright-lumen 3D MRC and the involved influence on image quali-
ty and CNR.
Subjects and Methods: In-vitro measurements were performed on
a 1.5 T whole-body MR scanner (MAGNETOM AVANTO®,
Siemens AG, Erlangen) with a standard spoiled 3D gradient-echo
(3D GRE) sequence and a volume interpolated 3D GRE (VIBE) se-
quence using a home-built colon phantom. The relative CNR was
determined and image quality evaluated for different acceleration
factors (PAT factors). A bright-lumen 3D MR colonography using a
VIBE sequence with PAT factors 2, 3, 4 and 6 was performed on a
39-year-old volunteer. The 3D data sets were compared with regard
to CNR and image quality.
Results: Mean, relative CNR values for the in-vitro measurements
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were 1, 0.81, 0.73, 0.52 and 0.4 (3D GRE) and 1, 0.8, 0.65, 0.45
and 0.3 (VIBE) for the PAT factors 1, 2, 3, 4 and 6, where 2D PAT
is performed for the PAT factors 4 and 6. Residual aliasing artifacts
not affecting image quality in a distinct manner were visible for 2D
PAT, especially for the VIBE sequence (Figure 1). Mean, relative
CNR values for the in-vivo measurement were 1, 0.85, 0.43, and
0.31 for the PAT factors 2, 3, 4, and 6. Increasing the PAT factor up
to 4 and decreasing the acquisition time down to 11 s for the bright-
lumen 3D MR colonography a sufficient image quality could be
achieved with significantly reduced image artifacts caused by peri-
stalsis and pulsations (Figure 2). For PAT factor 6 a further reduc-
tion of the artifacts is not visible whereas the CNR is clearly
reduced which might hamper an accurate diagnosis.
Discussion/Conclusion: This study has principally shown that
bright-lumen 3D MRC may profit from 2D PAT reducing acquisi-
tion time and therefore motion related artifacts without any loss in
resolution.

489
Mn-DPDP enhanced T1-weighted Magnetic Resonance
cholangiography: Usefulness in the diagnosis and roadmap for
the treatment of intrahepatic choledocholithiasis
M. Park, K. Kim, J. Yu; Diagnostic Radiology, YongDong
Severance Hospital, Seoul, REPUBLIC OF KOREA.

Purpose: To assess preliminary experience with conventional
heavily T2-weighted and Mn-enhanced T1- and T2-weighted MR
cholangiography in evaluating intrahepatic choledocholithiasis.
Materials and Methods: Conventional heavily T2-weighted MR
cholangiography with manganese-enhanced T1- and T2-weighted

MR images of the colon phantom. Comparison of coronal slices
acquired with a 3D GRE (a,b) and a VIBE (c,d) sequence for the
2D PAT factors (a,c) 4 and (b,d) 6. Aliasing artifacts for the VIBE
sequences are more pronounced.

Coronal slices of a bright lumen MR colonography for different
PAT factors and acquisition times (TA): (a) PAT 2, TA 19 s, (b) PAT
3, TA 14 s, (c) PAT 4, TA 9.9 s, (d) PAT 6, TA 7.2 s.
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MR cholangiography was performed in 14 patients with intrahepat-
ic choledocholithiasis. Two reviewers evaluated conventional
heavily T2-weighted MR cholangiograms focusing on identifying
intrahepatic ductal dilatation, calculi, and stricture and evaluated
manganese-enhanced T1- and T2-weighted MR cholangiograms
with particular attention on duct enhancement.
Results: Fourteen patients had 22 diseased segments on MR
cholangiography. Intrahepatic bile ductal dilatation was present in
all 22 segments of the 14 patients, calculi were present in 14 seg-
ments of 12 patients, and stricture was present in seven segments of
five patients on T2-weighted MR cholangiography. Of the 22 dis-
eased segmental ducts, eight segmental ducts were filled with con-
trast at manganese-enhanced T1-weighted MR cholangiography,
suggesting that they were functioning bile ducts.
Conclusion: T2-weighted and mangafodipir trisodium-enhanced
T1-weighted MR cholangiography in combination depict both the
anatomic and functional detail of the biliary system. For the evalu-
ation of choledocholithiasis, mangafodipir trisodium-enhanced T1-
weighted MR cholangiography is thus a useful supplement to the
conventional heavily T2-weighted MR cholangiography.
radiologic findings of intrahepatic choledochoithiasis - *Table

490
MR Imaging of Mullerian Duct Anomalies
J. Kim, S. Park, K. Cho; Radiology, Asan Medical Center,
Seoul, REPUBLIC OF KOREA.

Noninvasive evaluation of müllerian anomalies is often prompted
by a workup of infertility or delayed menarche. The appropriate
identification of müllerian anomalies is of paramount importance
to provide an opportunity for proper treatment in cases which may
have serious or adverse obstetric complications if untreated.
Moreover, triaging patients to treatment by hysteroscopy with or
without laparoscopic surgery versus laparotomy may be accom-
plished preoperatively.
Magnetic resonance (MR) imaging may replace laparoscopy in the

workup of many women with uterine anomalies as it can provide
detailed evaluation for all of mullerian structures as well as associ-
ated other anomalies.
The purpose of this exhibit is to demonstrate the spectrum of mul-
lerian developmental anomalies using MR imaging, to correlate the
imaging findings with the embryology, and to suggest a practical
approach to diagnosing and characterizing these disorders.

491
Correlation between intrahepatic lipids and visceral adipose
tissue in subjects at an increased risk for type 2 Diabetes
J. Machann1, C. Thamer2, B. Schnoedt1, M. Haap2, 
M. Stumvoll2, H. Häring2, A. Fritsche2, F. Schick1; 1Department
of Diagnostic Radiology, Section on Experimental Radiology,
Tübingen, GERMANY, 2Department of Endocrinology, Metabolism
and Pathobiochemistry, Eberhard-Karls-University, Tübingen,
GERMANY.

Introduction: Recent research demonstrated that ectopic fat accu-
mulation in the liver (intrahepatic lipids, IHL) is associated with se-
vere insulin resistance. Furthermore it has been shown, that
visceral adipose tissue (VAT) plays an important role in the patho-
genesis of insulin resistance and might be a major determinant of
IHL as well. Up to now it remains unclear, whether VAT and/or
other factors determine IHL in non diabetic subjects. Aim of the
present study was to analyze the relationship between body fat dis-
tribution, especially VAT, and IHL a large heterogeneous cohort of
subjects at an increased risk for type 2 diabetes.
Material and Methods: VAT and IHL were determined by MRI
and MRS in a cohort of 78 non-diabetic subjects (43 females and
35 males, age 44±12 years, BMI 30.5±4.8 kg/m2, percentage body
fat 33±8%) at risk for type 2 diabetes due to obesity, family history
of type 2 diabetes and/or impaired glucose tolerance. All MR ex-
aminations were performed on a 1.5 T whole body imager
(Magnetom Sonata, Siemens Medical Solutions, Erlangen,
Germany). For determination of whole body adipose tissue (AT)

Table. Radiologic and Clinical Results of Biliary Complications of Laparoscopic Cholecystectomy 

   Findings at MR Cholagniography 

No./Age/ Findings at T2- MRC Findings at Mn-T1- MRC Diagnosis on MRC  Findings at ERCP Final Diagnosis  Treatment 

Sex/POD  (pre-contrast)  (post-contrast)  (combined pre- & post-contrast) 

1/56/M/3 Disconnected CBD No-opacification of CBD Complete transection of CBD Obstruction of CBD Complete transection of CBD  Operation 

 Fluid collection  Extravasation of contrast with bile leakage    with bile leakage  

2/73/M/3 Disconnected CBD No-opacification of CBD Complete transection of CBD Stricture CBD Partial stricture of CBD due to Internal stent 

 Fluid collection  Extravasation of contrast with bile leakage  with bile leakage clipping with bile leakage 

 along drain  along peritoneal drain 

3/47/F/3  Disconnected CBD No-opacification of CBD Complete transection of CBD Obstruction of CBD Complete transection of CBD  Operation 

 Fluid collection  Extravasation of contrast with bile leakage    with bile leakage 

4/81/F/3 Normal bile duct Normal excretion of contrast Hemorrhage without biliary Normal bile duct Hemorrhage without biliary Observation 

 Fluid collection    complication    complication 

5/35/M/10 Narrowing of CBD Opacification of CBD  Partial stricture of CBD Stricture of CBD Partial stricture of CBD Internal stent 

 Fluid collection Extravasation of contrast with bile leakage  with bile leakage with bile leakage  

6/60/M/7 Normal bile duct Opacification of CBD  Bile leak at cystic duct stump Normal bile duct Bile leak at cystic duct stump Internal stent 

 Fluid collection Extravasation of contrast    Bile leakage  

   at cystic duct stump     at cystic duct stump 

7/57/M/21 Mild dilated RPD Opacification of RPD  Partial ligation of RPD  Missing duct of RPD Partial ligation of RPD  Observation 

 No fluid collection No extravasation        

Note. – POD=post-operative days, CBD=common bile duct, RPD=right posterior duct

* Pres.no. 489



Abdomen

distribution, an axial T1-weighted fast spin echo technique was ap-
plied. Measurement parameters: TE/TR 12ms/490ms, slice thick-
ness 10mm, interslice gap 10mm. A 256x178 matrix was recorded
in a measuring time of 12s. 100-120 images were recorded depend-
ing on body size. Postprocessing: semiautomatic quantification of
whole body AT volume, manual separation of VAT volume. MRS
of the liver: single voxel STEAM, TE/TR 10ms/4s, VOI 30x30x20
mm³ in the posterior part of segment 7 of the liver, 32 acq., determi-
nation of lipid/water ratio.
Results: Whole body AT was significantly higher in females com-
pared to males (p<0.0001). In contrast, VAT (3.22±0.18 vs.
5.14±0.31 %, p<0.0001) and IHL (5.98±1.00 vs. 10.42 ± 1.55 %,
p=0.003) were significantly lower in females. VAT was significant-
ly correlated with IHL (r=0.58, p<0.0001). In a multivariate regres-
sion analysis with IHL as dependent variable, the effect of VAT
(p<0.01) remained significant after adjusting for the independent
effects of sex and age. This model explained 38% in the variation in
IHL.
Discussion: MRI and MRS allow a reliable determination of dif-
ferent lipid compartments. The present study - performed in a large
cohort of non-diabetic subjects - gives strong evidence that VAT is
an important predictor of IHL. The relationship seems to be inde-
pendent of overall adiposity and non-visceral adipose tissue mass.
Supported by a grant of the Deutsche Forschungsgemeinschaft
(DFG, KFO 114/1)
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Small bowel magnetic resonance imaging in Crohn´s Disease
J. B. Frøkjær1,2, E. Larsen1,2, E. Steffensen1, A. H. Nielsen1, 
A. M. Drewes3,2; 1Dept. of Radiology, Aalborg Hospital, Aalborg,
DENMARK, 2Center for visceral biomechanics and pain, Aalborg
Hospital, Aalborg, DENMARK, 3Dept. of Medical
Gastroenterology, Aalborg Hospital, Aalborg, DENMARK.

Introduction: Magnetic resonance imaging (MRI) of the small
bowel has several advantages including cross-sectional imaging,
absence of radiation, non-nephrotoxic intravenous contrast agents
and imaging of the entire small bowel pathology, i.e. luminal,
mural and exoenteric changes. The challenge in MRI of the small
bowel is still the search for the golden standard method. The aims
were to 1) optimise the way of filling the small bowel including the
choice of contrast agent, and 2) evaluate the capabilities of MRI
compared to conventional enteroclysis (CE).
Subjects and Methods: Thirty-six patients suspected for having
potential Crohn´s disease had both MRI and CE within a maximum
of two weeks. Based on 26 pilot studies oral administration of plum
juice and bulk fibre laxative was performed. Images were obtained
in prone position with T2-weighted sequences using breath-hold
technique and butylscopolamine. Followed by the administration
of gadolinium and additional butylscopolamine T1-weighted im-
ages were obtained. CE was performed as a double contrast exami-
nation using transnasal duodenal intubation, administration of
barium contrast and insufflation of air. At the end of every exami-
nation each patient had to score the perception of bloating, nausea,
pain. The preference to either MRI or CE was found. The small
bowel pathology and the examination quality were scored inde-
pendently by two radiologists. Finally virtual endoscopy of all
pathological small bowel segments was performed.
Results: Oral administration of plum juice and bulk fiber laxative
ensured sufficient distension of the small bowel without any promi-
nent abdominal discomfort. MRI revealed small bowel pathology
in 12 patients. In three patients it was not seen on CE. The CE re-
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vealed no small bowel pathology witch was not seen on MRI
(P<0.001). MRI revealed 70% more patients having pathological
abdominal changes than CE (P<0.001). Endoscopic examination of
the terminal ileum (in 9 patients) corresponded to the MRI find-
ings. The examination quality decreased with increasing age
(P=0.002). The pathology scores performed by the two radiologists
was the same (P=0.64). Virtual endoscopy allowed excellent
demonstration of irregular mucosal surface and luminal narrowing.
The examination discomfort scores obtained during the MRI was
significantly lower than during CE (P<0.001). Significantly more
patients preferred MRI compared to CE (P=0.007).
Conclusion: MRI is preferable to CE because of excellent demon-
stration of the entire small bowel pathology, low patient discomfort
and the absence of radiation exposure.

493
T1 relaxation times of 31P hepatic metabolites at 3T
A. I. Schmid1,2, M. Krssak1,2, E. Moser2, M. Roden1; 1Dep. of
Internal Medicine 3, Medical University of Vienna, Vienna,
AUSTRIA, 2High field MR Centre of Excellence, Medical
University of Vienna, Vienna, AUSTRIA.

Introduction: 31P magnetic resonance spectroscopy allows non-in-
vasive analysis of the human energy metabolism in which the liver
plays a central role. Knowledge of apparent relaxation times in he-
patic tissue is obligatory for quantification of metabolite concentra-
tions and for the optimisation of sequences at any field strength.
Methods: Measurements were performed in a 3T whole-body
Medspec system (Bruker Biospin, Ettlingen, Germany) using a
double-tuned 1H/31P surface coil with 10cm diameter. Young
healthy volunteers (n=3; 23, 26, 24 years) were measured in supine
position with the surface coil placed rigidly over the lateral aspect
of the liver. Global shimming and gradient-echo breath hold trig-
gered scout imaging were performed on the proton channel. One-
dimensional ISIS [1] localisation was applied to acquire hepatic
signal. To cover liver tissue, a slice (thicknesss 5cm) was oriented
parallel to the coil. The sensitive volume of the coil defined the sec-
ond and third dimension of the VOI. The localisation of the VOI in
the liver was verified by the absence of PCr signal in spectra.
A B1 insensitive pulse (WURST [2] shape, duration 5ms, bandwid-
ht 3700Hz) was used for the ISIS inversion slice. A hard pulse (du-
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ration 450µs) was used for the excitation. 10kHz spectral width and
2048 acquired complex data points resulted in 200ms data acquisi-
tion, Repetition time was 8s. In order to measure apparent spin-lat-
tice relaxation times we studied inversion recovery of the spin
system. For the inversion, an identical pulse (WURST) to the ISIS
part of the pulse sequence was applied. Spectra were acquired for 8
different inversion times between 50ms and 4s. A spectrum without
inversion was acquired to measure fully relaxed magnetisation ex-
cept for PDEs.
Signal intesities were quantified as peak amplitudes after manual
phasing and baseline correction of the spectra. A semilogarithmic
fit of difference between M0 and M(Ti) versus inversion time -
ln(M0-M(Ti))=-Ti/T1+b - was performed to calculate the T1 relax-
ation times of PME, Pi, PDE, and the NTPs.
Results: T1 times of 31P metabolite signals assessed in individual
volunteers are summarized in Table 1. 

Conclusions: Comparing the result of this study with apparent T1
relaxation times already published at lower field strengths, we no-
tice an increase of T1 with B0, except for PDE.
References:
[1] Ordidge R.J. et al. J.Magn.Res. 66: 1263-294,1986
[2] Kupce, E. et al., J.Magn.Res. A115: 273-276,1995
[3] Bottomley P.A et al. Magn.Res.Med. 32:137-141,1994
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Total and segmental liver volume measurements using spiral
CT and MRI technique
M. Onu1, M. Mihaila2, T. Pop1, I. Popescu2; 1Nuclear Medicine,
Echography & MRI, Clinical Hospital, Bucharest, ROMANIA,
2Center of General Surgery and Liver Transplantation, Fundeni
Clinical Institute, Bucharest, ROMANIA.

Purpose: To compare the spiral CT liver volumetry with volume
rendering method using MR liver images. The results were ac-
quired from candidates for donors for living-donor liver transplan-
tation.
Subjects & Methods: Seven candidates for donors for living-
donor liver transplantation were investigated by spiral CT and MR
images. The segments and total liver volumetry was the main inter-
est in our study. For MR imaging method, a stack of transversal im-
ages throughout the liver were acquired and further transferred to a
PC where the 3DSlicer software was used for liver segmentation
and volumetry.
Results: The results were analyzed using Bland-Altman plot. We
noticed a lack of agreement between these two methods. As the
intra-surgery volumetry (by liquid dislocation) was not possible,
we compared our results to those found in the literature. The corre-
lation between segmental and total liver volume results and corre-
spondingly published values was better for MRI method.
Conclusion: Living donor-liver transplantation require a preopera-
tive assessment of donor and recipient suitability. The implanted
graft should be large enough to permit normal metabolic function.
In the same time, the liver remnant volume has to be sufficient for
the donor to survive. The volumetry method is, consequently, of
great importance. In our study, the CT method seems to overesti-
mate the liver volume. Further volumetric measurements are need-

ed in order to confirm or not the tendency of CT method to overes-
timate the organ volume.
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Evaluation of the added value of dynamic contrast-enhanced
MRI (DCE-MRI) in the localization of prostate cancer in the
peripheral zone
M. Lemort1, F. Vansnick1, I. Meiers2, S. Chao1; 1Medical
Imaging, Institut Jules Bordet, Brussels, BELGIUM, 2Pathology,
Institut Jules Bordet, Brussels, BELGIUM.

Purpose: The purpose of this study was to compare diagnostic per-
formance of conventional T2 weighted images (T2wi) and a phar-
macokinetic MR protocol in the localization of prostate cancer in
the peripheral zone, by correlating both findings with histopatho-
logical results.
Subjects and Methods: We performed 84 consecutive MRI exam-
inations of the prostate with pelvic surface coils and endorectal coil
in patients with biopsy-proven prostatic adenocarcinoma. Among
these, we selected 18 patients without any previous treatment who
underwent a radical prostatectomy less than 2 months after the
MRI examination.
Our imaging protocol includesGadodiamide-enhanced DCE-MRI
with a 13.5 sec time resolution using a set of 10 T1-weighted 3D
FLASH sequence with fat saturation at 1.5T.
A common scheme dividing prostate in 6 areas was used to com-
pare imaging findings for both the MRI images and the anato-
mopathological report.
We analysed DCE-MRI with a home-made analysis software using
a classical two-compartments model (following Tofts and
Kermode) and computation of two parameters: transfer constant
Kps and extracellular volume factor Ve. To assess the appearence
of non-tumoral prostates, we used the results of the DCE-MRI ob-
tained in 12 patients with negative biopsy procedures, as a control
group for the definition of threshold values. The software generates
color-mapped parametric images allowing fast and reproducible
analysis of the enhancement characteristics. Overlaying these im-
ages on T2wi allows easy and precise anatomical localization of
abnormal zones.
The T2wi and DCE-MRI results were reviewed independantly by
two trained radiologists, blinded to the results of the other tech-
nique, as to biopsy, clinical, surgical and pathological findings. 108
prostatic areas were analysed and the results correlated with patho-
logical findings.
Results: We computed the diagnostic scores of T2wi and DCE-
MRI for detection of tumor tissue in any subpart of the prostate. We
found a 37% sensitivity, 67% specificity, 47% precision for
anatomic T2wi when using the sole sign of signal lowering in the
peripheral zone. In comparison, DCE-MRI achieves a 77% sensi-
tivity, 75% specificity, and 77% precision. The positive predictive
value (PPE) was 86% for DCE MRI and only 70% for T2wi.
Conclusion: Our results indicate that there is a benefit of DCE-
MRI over conventionnal T2wi alone in defining more precisely the
intra-prostatic extent of cancer.
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Sex and age variability of the liver lipid compounds in healthy
subjects-in vivo 1H MR spectroscopy study
E. Tarasów1, A. Panasiuk2, J. Walecki1, D. Prokopowicz2;
1Department of Radiology, Medical University of Bialystok,
Bialystok, POLAND, 2Department of Infectious Diseases, Medical
University of Bialystok, Bialystok, POLAND.

Purpose/Introduction: As none of available methods has deter-
mined directly and quantitatively lipid contents in the liver, a little
is known about concentration of these compounds in healthy sub-
jects. The evaluation of lipid compounds and sex and age variabili-
ty in healthy subjects was the goal of the study.
Subjects and Methods: The studies were carried out in the group
of 44 healthy individuals, 22 men and 22 women, age 23 to 68,
mean 45.9+/-16.8 years. 1H MR spectroscopy was conducted in
vivo in the group. Anthropometrical coefficients, BMI and WHR
and the thickness of the subcutaneous fatty tissue were also esti-
mated.
Results: The study revealed that in healthy subjects, lipid contents
was significantly higher in men than in women. It was also shown
that lipid compound contents in healthy livers increased together
with the age, both in men and women. However, men showed close
relation between liver lipid contents and the age and these relations
were not so visible in women. It was noticed that elevation of body
weight and obesity, and specifically visceral fatty tissues signifi-
cantly influenced the increase in liver lipid compounds contents.
Conclusions: Lipid compound contents in healthy subjects is char-
acterized by high variability, which has the implication in the
pathogenesis of liver parenchymal diseases connected with lipid
accumulation.
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Differentiation of liver parenchymal diseases in 1H MR
spectroscopy examination
E. Tarasów1, A. Panasiuk2, A. Orzechowska-Bobkiewicz1, 
J. Walecki1, D. Prokopowicz2; 1Department of Radiology,
Medical University of Bialystok, Bialystok, POLAND,
2Department of Infectious Diseases, Medical University of
Bialystok, Bialystok, POLAND.

Purpose/Introduction: Many diffusive parenchymal diseases of
the liver are connected with disturbances in lipid compound metab-
olism. These disturbances not only are the essence of liver steatosis
but their importance is also stressed in liver alcoholic disease,
chronic hepatitis, and liver cirrhosis. 1H MR spectroscopy, which
determine4s quantitative evaluation of lipid compound contents, is
helpful in understanding the phenomena, taking place in these ail-
ments. It can also establish new therapies.
Subjects and Methods: 1H MRS studies using a single voxel
method were conducted in patients with liver steatosis of various
etiology (n=57), chronic hepatitis C (n=18), and liver cirrhosis
(n=31).
Results: Metabolic patterns of 1H MRS, characteristic for
parenchymal liver diseases, were determined based on the exami-
nation. It was observed that patients with liver steatosis had charac-
teristic increase in total lipid contents with accompanying, as far as
steatosis of alcoholic etiology is concerned, moderate degree of el-
evation of phosphoesters contents. Patients with chronic hepatitis C
had variable, dependent on metabolic factors influence of infected
organism and disease stadium, total lipid contents. Both increase
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and decrease in lipid levels were observed in these patients. Lipid
compounds were correlated with the inflammatory activity stage
and with fibrosis advancement. In patients with liver cirrhosis, the
significant decrease in lipid level and phosphoesters contents in-
crease were observed.
Conclusions: 1H MRS enables differentiation of the character and
stage of diffusive liver diseases by quantitative determination of
liver metabolite contents. Thus, it should be admitted that MR
spectroscopy is a valuable diagnostic method and can be a comple-
mentation to liver biopsy and histopathological examination.
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Single voxel 1H-MRS in multiple myeloma: variation of 
lipid-to-water ratio in response to chemotherapy
D. Valverde1, A. Oriol2, J. Capellades3, M. Cabañas4, J. Riera2,
C. Arús1; 1Bioquímica i Biologia Molecular, Universitat
Autònoma de Barcelona, Cerdanyola del Vallès, SPAIN,
2Departament d'Hematologia, Hospital Universitari Germans
Trias i Pujol, Badalona, SPAIN, 3Servei de Ressonància
Magnètica, Hospital Universitari Germans Trias i Pujol,
Badalona, SPAIN, 4Servei de Ressonància Magnètica Nuclear,
Universitat Autònoma de Barcelona, Cerdanyola del Vallès,
SPAIN.

Purpose: MRI is widely used in the non-invasive evaluation of
malignant infiltration of bone marrow but is highly subjective in
the assessment of response to chemotherapy. We have used proton
nuclear magnetic resonance spectroscopy (1H-MRS) along with
MRI to measure the lipid to unsuppressed water ratio (LWR) in pa-
tients with multiple myeloma (MM) to follow the degree of cytore-
duction after chemotherapy.
Patients and Methods: Patients with newly diagnosed MM under-
went a 1H-MRS exploration consisting of dorso-lumbar imaging
studies with a sagital spin-echo T1-weighted sequence (TR
437msec / TE 15msec) in a 1.5-T system (Gyroscan Intera, Philips,
The Netherlands) and single voxel localized spectroscopy of the
vertebral body of L5 (Fig. 1). A body coil and a quadrature spine
phased-array coilwere used. Spectroscopicdata were acquired with
a STEAM sequence without water suppression. Parameters were
5,000 msec TR, 40 msec echo time, 2x3x2 cm voxel size approxi-
mately, avoiding cortical bone, 32 transients sampled with 512 data
points each and 1,000 Hz spectral bandwidth. The total scanning
time for MRS was of 2min 40sec. Unsuppressed water (average
line width at half height 28.3±8.1 Hz) was adjusted to a single
Lorentzian while the lipid peak was adjusted to three Lorentzians
centred at 0.89, 1.2 and 2 ppm. The areas obtained were used tocal-
culate the LWR, as LWR=Σ lipid areas/water area. Mann-
Whitney�s U was used to evaluate the relationship between initial
LWR and MM characteristics. Friedman�s test was used to compare
LWR of patients before and after treatment. All subjects gave in-
formed consent for the procedure.
Results: Twenty-one patients were explored before treatment start.
All MR spectra exhibited a water peak and a compounded lipid
peak (-(CH2)- at 1.2 and 2 ppm , -CH3 at 0.89 ppm). No associa-
tion was detected between initial LWR and characteristics of the
patients, type of myeloma or degree of bone marrow infiltration.
Nevertheless, there was a statistically significant association be-
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tween changes in the LWR and response (Table 1, figure 2). Our re-
sults agree with previous literature data on MRS bone marrow pat-
tern changes in similar pathologies1.
Conclusions: In vivo 1H-MRS may be useful to assess quantitative-
ly and noninvasively the response to chemotherapy in MM pa-
tients.
Funded by grant 01/1108 from Fondo de Investigaciones Sanitarias
(FIS).
References:
Schick F, Einsele H, Lutz O, Claussen CD Lipid selective MR im-
aging and localized 1H spectroscopy of bone marrow during thera-
py of leukaemia Anticancer Res. 16: 1545-1552, 1996
Changes in lipid to water ratio (LWR) induced by chemotherapy
in 14 patients with multiple myeloma.
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Exercise-induced changes in transverse T2- and T2*-relax-
ation in human skeletal musculature at 1.5 Tesla and 3.0 Tesla
J. Pintaske, P. Martirosian, C. D. Claussen, F. Schick;
Diagnostic Radiology, University Hospital Tuebingen, Tuebingen,
GERMANY.

Introduction: The purpose of this work was the analysis of trans-
verse relaxation with MRI in muscle at rest and after an intense
muscle exercise at 1.5 T and 3.0 T. Many high field examinations
have been performed in brain, but most other tissues as skeletal
musculature have not been studied in detail so far. This is an inter-
esting field, since widespread diseases (athero-sclerosis, diabetic
microangiopathy) are expected to modify tissue architecture and
physio-logical regulation. Up to now no comparison of T2 and T2*
characteristics relating to exercise have been reported.
Methods: Three healthy volunteers were examined at whole body
scanners operating at 1.5 T and 3.0 T (Siemens Medical Solutions).
The subjects had to perform an exercise (duration 2 minutes) of the
lower extremity, which was placed in an extremity coil. The exer-
cise included an intense pull phase in fast repetition. Multiecho se-
quences were used, whereby spinechoes (MSE) and gradientechoes
(MGE) were acquired for obtaining T2- and T2*-weighted
datasets, respec-tively. TR 470 ms (MSE), TR 600 ms (MGE), ma-
trix size 128x128, FoV 200x200 mm2, slice thickness 5 mm, scan
time 1 minute. The echo delay was 10 ms (MSE) and 3.98 ms
(MGE) at 1.5 T and 10 ms (MSE) and 4.93 ms (MGE) at 3.0 T. 5
measurements were performed prior to and 15 after the task.
Results: T2-Relaxation at rest was found to be biexponential with
time constants T2S (20-25 ms) and T2L (50-60 ms) at both field
strength (Fig 1). T2*-Relaxation could be described monoexpo-
nentially with average values at rest of 27 ms at 1.5 T and 24 ms at
3.0 T (Fig 2). The muscle exercise resulted in significant increases
in T2S (40%) and T2L (33%) at both field strength and T2* (1.5 T:

Response group Initial LWR LWR Proportion of patients p*
after treatment increasing LWR

(Mean±SD) (Mean±SD) upon treatment (%)
Global (N=14) 2.46±4.45 6.57±8.40 78.5 0.002
CR (N=7) 1.13±1.34 10.45±10.23 100.0 0.018
Others (N=7) 3.79±6.09 2.70±3.63 57.1 NS
PR (N=3) 0.067±0.105 0.44±0.25 66.6 NS
NR (N=4) 6.59±7.06 4.39±4.17 50.0 NS

* P-value corresponding to a Friedman's test. SD: standard deviation.
CR: complete response. PR: partial response. NR: no response.
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24%, 3.0 T: 27%) of the tibialis muscle (Fig 3). Maximum T2 and
T2* values were reached about 2 minutes after end of exercise.
Conclusion: MRI allows access to water compartmentation in tis-
sues. It is expected that an anaerobic ex-ercise induces complex re-
organization of fluid yielding to changes in transverse relaxation.
Besides pure transverse T2 relaxation, T2* leads to additional in-
formation about the local magnetic field distribution. Because
changes in T2* are less pronounced than in T2, it is ex-pected that
magnetic field inhomogenities are reduced. This may be due to the
BOLD effect as well as the recruitment and changes in geometric
properties of vessels.
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Imaging criteria for femoroacetabular impingement: Defining
the predisposing factors and radiologic appearance of hip
impingement 
D. P. Beall1, C. F. Sweet1, C. L. Lastine1, D. E. Grayson2, 
J. Q. Ly3; 1Radiology, Oklahoma University Medical Center,
Oklahoma City, OK, 2Radiology, Wilford Hall Medical Center, San
Antonio, TX, 3Radiology, Wilford Hall Medical Center, Oklahoma
City, TX, UNITED STATES.

Purpose: To illustrate the imaging appearance found in patients
with femoroacetabular impingement (FAI) and to define the
anatomic criteria for this diagnosis across multiple modalities.
Methods: Femoroacetabular impingement occurs secondary to
various anatomic anomalies of the femoral head neck junction and
acetabulum. Patients with clinical signs and symptoms of impinge-
ment have been found to have characteristic radiologic and
anatomic characteristics that predispose them to the development
of this impingement process. Measurements and morphologic ob-
servations of FAI were determined by evaluation with plainfilm ra-
diography, computed tomography, and magnetic resonance
imaging.
Results: Anatomic findings of FAI included a decreased tapering at
the femoral head neck junction (decreased femoral head-neck off-
set) and a reduction in femoral anteversion. Primary radiologic
findings of FAI included reduced concavity of the anterolateral
femoral head-neck junction, an abnormal femoral head to neck
ratio, differences in scaled width of the femoral neck, and a convex
appearing femoral head-neck junction that may be quantified with
the α angle measurement. Secondary findings of seen in patients
with anatomic evidence of FAI include anterosuperior acetabular
labral tears, adjacent impaction injury to the anterolateral femoral
head/neck junction, lateral acetabular cartilage damage (with or
without early onset degenerative arthritis), and synovial herniation
pits.
Conclusion: The process of femoroacetabular impingement is
based on an impaction phenomenon resulting from anatomic anom-
alies of the acetabulum and proximal femur. These anomalies have
typical appearances on plainfilm radiography and cross sectional
imaging and may be divided into primary and secondary imaging
findings. The recognition of these anatomic criteria and imaging
findings may result in the proper characterization of FAI and an ex-
pedited process of treatment.
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Rotational instability of the elbow: The role of the lateral
ulnar collateral ligament in posterolateral elbow instability
and indications for surgical repair
D. P. Beall1, R. F. Costello1, J. Q. Ly2, D. E. Grayson2, 
S. E. Campbell2, C. F. Sweet1; 1Radiology, Oklahoma University
Medical Center, Oklahoma City, OK, 2Radiology, Wilford Hall
Medical Center, San Antonio, TX, UNITED STATES.

Disruption of lateral collateral ligamentous complex occurs less
frequently than disruption of the medial collateral ligamentous
complex and it typically caused by either acute trauma or repetitive
motion injuries. Injury to one component of the lateral collateral
ligamentous complex, the lateral ulnar collateral ligament (LUCL),
may result in posterolateral rotational elbow instability (PREI). The
lateral collateral ligament is absent in ten percent of the normal pa-
tient population and other destabilizing injuries to the lateral collat-
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eral ligament complex or the common extensor tendon may also re-
sult in PREI. The presence and adequacy of the LUCL is also im-
portant to assess prior to surgery for refractory tennis elbow as an
extensor tendon release may also destabilize the lateral elbow if the
LUCL is absent or injured. Examination of the lateral elbow with
MR imaging provides a detailed assessment of the anatomy and/or
degree of injury. MR imaging is also capable of determining what
other associated injuries may be present. We examine the anatomic
appearance of the LUCL along with the mechanisms of injury that
may result in damage to the lateral collateral ligament complex and
present the implications of the imaging findings as they relate to
surgical treatment of the elbow.
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Comparative study of gradient echo MR sequences for bones
motion capture
D. Nguyen1, M. Ivancevic1, B. Gilles2, L. Yahia-Cherif2, 
N. Magnenat-Thalmann2, J. Vallée1; 1Radiology, Geneva
Universitary Hospital, Geneva, SWITZERLAND, 2Miralab - CUI,
University of Geneva, Geneva, SWITZERLAND.

Purpose/Introduction: In order to build a functional virtual hip
for osteoarthrotomy pre-operative planning, our group have devel-
oped a new technique to track bones motion automatically from dy-
namic MRI. To establish the best pulse sequence providing
sufficient morphological data for tracking accuracy, while optimis-
ing the trade-off between signal-to-noise ratio (SNR), spatial and
temporal resolution, we performed systematic comparison of four
gradient echo MR sequences for real-time imaging of active hip
joint motion, including: spoiled GRE (FLASH), T2-weighted con-
trast enhanced GRE (PSIF), steady-state coherent GRE (FISP) and
balanced steady-state free precession GRE (true-FISP).
Methods: MR imaging were performed on a 1.5T Intera MR sys-
tem (Philips Medical System, Best, Netherlands) with a parallel
imaging technique SENSE [1], and the following parameters: TR
1.93 ms, TE 0.83 ms, flip angle: 50°, matrix: 128x256, FOV: 53
cm. Phase conjugate symmetry (halfscan) was also used to reduce
the scan time about 40%. Dynamic hip joint motion study was per-
formed on four healthy volunteers with a positioning device to fa-
cilitate reproducible abductive motion for 30° angle. In order to
resolve the bone tracking problem, we used an image quality metric
based on 2D/3D registration performances, which measures the de-
gree of similarity between 2D dynamic and 3D static images.
Results: An acquisition time per image lower than 0.1 ms was
found to be a prerequisite to assess hip joint kinematics with phys-
iological motion velocities. Combination of true-FISP with SENSE
factor of 3 and halfscan allowed to reduce the scan time by a factor
of 4 without significant reduction in image quality. The imaging se-
quence was found to outperform all other GRE sequences in terms
of SNR efficiency, contrast-to-noise ratio (CNR) and alignment de-
gree with static images, and was characterized by high temporal
resolution of 15 images per second without blurring artefacts for an
angular velocity of the limb, up to 0.73 radians per second.

Figure 1: True-FISP sequence combined with SENSE and phase
conjugate symmetry.

Figure 2: True-FISP sequence alone shows blurring artefacts.
Discussion/Conclusion: Combination of true-FISP sequence with
SENSE and phase conjugate symmetry, allows real-time, motion
insensitive imaging sequence and efficient bone tracking for physi-
ological motion velocities.
Acknowledgement: This work is supported by CO-ME project
funded by Swiss National Science Foundation.
References:
[1] Pruessman KP, et al. MRM 1999; 42: 952-62.
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Decrease of intramyocellular lipids after 16 weeks of Very Low
Calorie Diet
M. Ljungberg1,2, Å. Carlsson1,2, J. Brandberg3,4, A. Gummeson4,
L. Lönn3,4, E. Forssell-Aronsson1,2; 1Radiation Physics, Göteborg
University, Göteborg, SWEDEN, 2Medical Physics and Biomedical
Engineering, Sahlgrenska University Hospital, Göteborg,
SWEDEN, 3Radiology, Göteborg University, Göteborg, SWEDEN,
4Body Composition and Metabolism, Sahlgrenska University
Hospital, Göteborg, SWEDEN.

Purpose/Introduction: Very Low Calorie Diet (VLCD, i.e. be-
tween 400 and 800 kcal/day) is an effective way of causing a large
initial weight loss in obese subjects. During this weight loss many
patients recover from the metabolic syndrome. An inverse relation-
ship has been observed between intramyocellular lipids (IMCL)
and insulin sensitivity[1]. Other studies have shown that five days
of fasting increase the IMCL levels[2]. The aim of this pilot-study
was to investigate how a 16-week VLCD influences the IMCL con-
tent in the tibialis anterior (TA) muscle.
Subjects and Methods:
Subjects: 3 male patients were put on a 16 weeks VLCD diet (450
kcal/day). Age 50 ± 12 years; BMI week0: 37.4 ± 6.3 kg/m2, BMI
week16: 29.8 ± 3.2 kg/m2. MR measurements: were performed on
the first and last day of the VLCD (both days after over night fast-
ing). MR system: 1.5T whole body magnet (Intera, Philips Medical
Systems, Best, The Netherlands). The body coil was used for trans-
mitting RF and a pair of soft circular coils (elliptical 14 * 17 cm)
for receiving the signal (one placed over the TA muscle, the other
straight underneath the leg). MRS used only the coil placed above
TA. A small PRESS box (2 cm3) was placed in the centre of the TA
muscle. MRS parameters: TE 26 ms, TR 1500, 1024 samples, 2000
Hz and 128 acquisitions. Data Processing: The spectra were eval-
uated using the MRUI software[3], and the IMCL levels were de-
termined using the unsuppressed water as an internal reference
(institutional concentration units, icu).
Results: The second MRS measurement for one of the patients
failed technically and is not included in the results. For the other
two patients the VLCD caused a reduction of the IMCL content of
about 40%.
Discussion/Conclusion: The IMCL content in TA was reduced
after 16 weeks of VLCD as expected. However, one should be
aware of that the second measurement was performed when the pa-
tient was in a catabolic and not in a normal metabolic state. To de-
termine the long-term effects of substantial weight loss caused by
VLCD on the IMCL content in the TA muscle, further patients have
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to be studied, and maybe also during a follow-up period after the
VLCD.
References:
[1] Krssak et.al Diabetologia[1999]:42(1):p113
[2] Neumann-Haefelin et.al. ISMRM[2003]:p1539
[3] van der Veen et.al. [1988]Magn.Reson.Med:6:p9
Acknowledgements:
Swedish Research Council (14039) and the Lundberg Foundation,
Göteborg, Sweden for support. Technologist Stig Eriksson for ex-
cellent assistance.
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Changes in phosphocreatine (PCr) kinetics during three
repeated bouts of incremental calf exercises with transitions
from moderate to different degrees of high work rates
R. Esterhammer1, A. Greiner2, W. Arnold1, G. Fraedrich2, 
W. Jaschke1, M. Schocke1; 1Innsbruck Medical University,
Clinical Division of Diagnostic Radiology I, Innsbruck, AUSTRIA,
2Innsbruck Medical University, Clinical Division of Vascular
Surgery, Innsbruck, AUSTRIA.

Purpose/Introduction: It is known from the literature that muscle
exercises with high work rates, above the lactate threshold, are
characterized by an acceleration of PCr hydrolysis and the relation
between PCr levels and work rate is non-linear under those condi-
tions. The purpose of this study was to investigate the PCr kinetics
during repeated transitions from moderate to two different degrees
of high work rates.
Subjects and Methods: Using a whole-body 1.5 Tesla MR scanner
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(Magnetom Vision, Siemens, Germany) and a self-built exercise
bench, we performed serial 31P MRS with a time resolution of 30
seconds in eight healthy, male volunteers. For 31P MRS, we used a
FID sequence with a TR of 830 ms, 32 acquisitions and Nucleus
Overhauser Enhancement. Percental changes in PCr, Pi and pH
were statistically evaluated in comparison to the baseline. The ex-
ercise protocol consisted of 3 bouts with 3 increments of 3 minutes.
Each bout started with an interval of 4.5 W followed by increments
of 6 W and 7.5 W. The total exercise time was 27 minutes. The rest-
ing period lasted 5 minutes.
Results: The PCr levels at the end of each bout were linear to the
work rates during all bouts. During the first two bouts, the PCr tran-
sition between the different work rates was similar. PCr passed into
a steady-state within 60 to 90 seconds, whereas the time steady-
state was prolonged during the last bout.Pi accumulated to a similar
level during each bout, whereas the muscle pH increased more dur-
ing the first bout than during the second and the third.
Discussion/Conclusion: Our study shows that the PCr levels dur-
ing steady-state are linear to the work rate even during high-inten-
sity muscle exercises above the lactate threshold indicated by an
decrease in muscle pH. The prolongation of the PCr transition to
steady-state between different work rates, as observed during the
last bout, may indicate a slow-down of metabolism probably lead-
ing to muscle fatigue.

505
Fast T2 mapping of human articular cartilage at 1.5 T
R. Toffanin1, P. Szomolanyi1, I. Strolka2, F. Vittur1, R. Pozzi
Mucelli2, M. Cova2; 1Department of Biochemistry, Biophysics and
Macromolecular Chemistry, University of Trieste, Trieste, ITALY,
2Department of Radiology, University of Trieste, Trieste, ITALY.

Purpose/Introduction: Evaluation of the T2 relaxation time of ar-
ticular cartilage holds great potential for the quantitative assess-
ment of degenerative changes within the cartilage matrix. The
purpose of our study was to assess the validity of the GRASE
(Gradient and Spin Echo) sequence in the quantitative T2 mapping
of articular cartilage at 1.5 Tesla and compare it with the standard
multiecho, single-slice sequence.
Subjects and Methods: MR imaging was performed on a 1.5 Tesla
Philips Intera scanner equipped with 30 mT/m gradients. A com-
mercially available circular surface coil was used to obtain axial
images of patellar cartilage in ten healthy volunteers using GRASE
and standard multiecho, single-slice sequences. By combining the
TSE and EPI methods, the GRASE sequence uses a train of refo-
cusing 180º RF pulses but additional gradient recalled echoes are
created and centered around each spin-echo of the readout train.
This is done by switching the polarity of the read gradient as it oc-
curs in EPI. For all acquisitions, a FOV of 80 mm and a slice thick-
ness of 3 mm were used. GRASE images were acquired with
TR/TE in ms 3000/12 and matrix 128x128. The TSE factor was 8
while the EPI factor was 3. The number of slices was 10 and the
total measurement time was 3 min. 42 s. Standard multiecho, sin-
gle-slice images were acquired with TR/TE in ms 1000/24 and ma-
trix 256x256. The measurement time of each individual slice was 4
min. 18 s. In both cases, the T2 maps were calculated using an echo
train of 8 echoes.
Results: As compared with multiecho experiments, the apparent
T2 values calculated from the GRASE images showed a mean
overestimation by about +15%. However, in one volunteer the
mean T2 value was 43.64 ±1.04 ms for the GRASE acquisition and
43.37 ± 2.00 ms for the standard multiecho experiment.
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Discussion/Conclusion: Our preliminary results demonstrate the
applicability of the GRASE sequence in the quantitative T2 map-
ping of articular cartilage at 1.5 Tesla. The T2 values obtained by
the GRASE sequence are, in fact, in good agreement with the cor-
responding values obtained by the standard multiecho, single-slice
sequence. The main advantage of using GRASE is the drastically
reduced imaging time. This approach might be of specific interest
in the MRI of osteoarthritis.

EPOS Exhibits
Diffusion
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Dairy cream as a phantom material for biexponential diffusion
decay
Z. Ababneh1, M. Haque2, S. E. Maier1, R. V. Mulkern1;
1Radiology, Brigham and Women's Hospital, Boston, MA,
2Neuroscience, Brigham and Women's Hospital, Boston, MA,
UNITED STATES.

Purpose: The decay of brain water signal over a wide range of b-
factors is well-modeled with a biexponential decay function (1). As
this phenomenon is studied in greater detail at multiple sites, it be-
comes important to identify materials which can provide calibra-
tion standards for the methods employed to characterize
biexponential diffusion decay. We demonstrate that dairy cream
can provide such a material for sequences which do not utilize fat
saturation approaches for quantitative diffusion measurement.
Materials and Subjects: Dairy cream purchased from a local mar-
ket was scanned with a line scan diffusion imaging sequence imple-
mented on a 4.7 T Bruker Biopsec. A (1, 1, 1) diffusion
sensitization gradient configuration with fixed δ and ∆ delays of 8
and 14 ms, respectively, was used to acquire images at 32 equally
spaced b-factors from 0.1 to 3 ms/µm2. Data was acquired for echo
times (TE�s) of 32, 45, 60 and 75 ms. Decay curves of signal inten-
sity vs b-factor from a central region-of-interest were fit with the
biexponential function Af exp(-bDf) + As exp(-bDs) using a
Marquardt-Levenberg least squares algorithm where Af, Df and As,
Ds are the amplitudes and diffusion coefficients of the fast and
slow diffusion components respectively. Fully relaxed proton spec-
tra were acquired to determine the relative proportions of fat and
water protons contributing to the signal. Three separate cream
phantoms were studied.
Results: Decay curves were clearly biexponential with the fast and
slow diffusion coefficients Df and Ds being 1.43 ± 0.05 and 0.02 ±
0.01 µm2/ms as averaged over all samples and echo times. The frac-
tion of the fast component increased monotonically with echo time
from 0.68 ± 0.02 at 32 ms to 0.82 ± 0.01 at 75 ms. Proton spectra
yielded water fractions of 0.69 ± 0.01 within the cream samples.
Discussion: The numerical values of the fast diffusion coefficient
and the relative fraction of the slow component in the cream sam-
ples were very close to values reported in the human brain (1). The
slow diffusion component,
is smaller than in brain and attributed to fat protons with a shorter
T2 than water protons (2) causing an increase of the fast diffusion
fraction with echo time. We conclude that dairy cream phantoms
provide an excellent calibration standard for biexponential diffu-
sion decay studies in the brain.
References:
[1] Mulkern RV, et al, NMR in Biomed [1999] 12:51-62.
[2] Jones C, et al, Magn Reson Imag [1998] 16:83-85.
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The effects of intravenous administration of gadolinium-DTPA
on diffusion weighted MRI 
G. Chen1, S. N. Jespersen1, M. Pedersen1, M. Horsman2, 
H. Stødkilde-Jørgensen1; 1MR Research Center, Skejby, Aarhus
University Hospital, Aarhus, DENMARK, 2Department of
Experimental Oncology, Aarhus University Hospital, Aarhus,
DENMARK.

Background: In order to apply combined perfusion and diffusion
MRI, it is essential to assess the effect of gadolinium-DTPA, fre-
quently used in contrast-enhanced perfusion, on diffusion-weight-
ed images. Yamada et al. observed a statistically significant (but
clinically unimportant) reduction of ADC in normal and infarct
brain tissues. On the contrary, Fitzek et al. found no significant dif-
ferences between pre- and post-Gd-DTPA diffusion-weighted im-
ages in patients with normal, ischemic stroke, bleeding brain tumor
and other neuronal lesions. These findings have not fully revealed
the effects of Gd-DTPA in diffusion imaging, and the objective of
the current study was therefore to examine changes of the apparent
diffusion coefficient (ADC) following administration of Gd-DTPA
in mice tumors.
Methods: Eight 10-14 weeks old female CDF mice with C3H
mammary carcinoma inoculated in the right foot were used. MRI
was conducted using a 7 T Varian small-bore system. ADC meas-
urements were performed before and at 0, 1 and 2 hours after intra-
venous administration of Gd-DTPA (0.2 mmol/kg). Each
measurement was performed with a diffusion-weighted spin-echo
sequence using TR=2.3 s, TE=50 ms and b-values is 0, 1400 (×10-3

s/mm2). Statistical differences were evaluated using one-way
ANOVA.
Results: Mean ADC values before, and at 0, 1 and 2 hours follow-
ing Gd-DTPA injection were: 0.41±0.10, 0.40±0.10, 0.41±0.11,
0.41±0.11 (×10-3mm2/s), respectively. Statistical analysis did not re-
veal a change of ADC after Gd-DTPA has been administered.
Conclusions: From a statistical point-of-view, Gd-DTPA did not
indicate a change of ADC using a concentration of 0.2 mmol/kg.
Consequently, diffusion-weighted and perfusion-weighted imaging
may likely be combined in any order in MRI studies, resembling
the findings by Morris et al. and Fitzek et al. . However, at a higher
Gd-DTPA dosage, it may be anticipated that Gd-DTPA could influ-
ence diffusion measurement due the reduced T2 concomitantly
with a lower SNR.

508
Application of MR diffusion anisotropy imaging and
behavioral observation for the assessment of injury
development on a rat spinal cord in vivo
A. Jasinski1, P. Brzegowy2, K. Majcher1, Z. Sulek1, 
T. Banasik1, W. P. Weglarz1, T. Skorka1; 1Magnetic Resonance,
H. Niewodniczanski Institute of Nuclear Physics PAS, Krakow,
POLAND, 2Anatomy and Radiology, Medical College Jagiellonian
University, Krakow, POLAND.

Purpose: To investigate time development of injury after spinal
cord trauma (SCT) using MR water diffusion anisotropy imaging
(DAI) and behavioral observation on a rat model of SCT.
Subjects and Methods: 18 male Wister rats of 250 g to 300 g
weight were used. A laminectomy at the Th13 spine level was per-
formed and the SCT was induced using a dynamic weight-drop
under general anesthesia.
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MR DAI experiments were performed at 4.7T with a Maran DRX
console from Resonance Instruments; using standard SE and modi-
fied FSE sequences with diffusion gradients applied parallel and
perpendicular to the spinal cord. A dedicated probe with inductive-
ly coupled surface rf coil was used to record MR images of 128 x
128 with a FOV of 2 cm, slice thickness of 1.6 mm and gradient b-
factors up to 1500 s/mm2. All experiments were ECG and breath
triggered. Each rat was measured 4 times at 1h, 24h, 48h and 7d
after the trauma. Data were analyzed using IDL based software de-
veloped in-house. Longitudinal diffusion DL = Dzz, transverse dif-
fusion DT = (Dxx+Dyy)/2, isotropy index ID = DT/DL and
anisotropy index AI = (DL-DT)/(DL+DT) were determined for the
whole spinal cord and for selected regions in the white and gray
matter.
Behavioral observations were carried out by at least two observers
using Basso, Beatle and Bresnahan (BBB) locomotor scale. Rats
were placed on a 1 m ring and monitored every day starting at 24 h
after the insult for at least 10 days.
Results: 24 h after the injury on rats were graded at 2 - 3 at BBB
scale. They started to improve on 3rd day reaching grade 14-16 on
day 7 with no change at day 10. Good quality DW MR images were
obtained from injured spinal cord of the rat in vivo. Sagittal DW
images and ADT maps delineate the traumatic region and its devel-
opment in time very well, whereas axial DW images and ADT
maps show development of injury in different anatomical regions,
as shown in Fig. 1. After injury AI decreases depending on the ex-
tent of damage up to 48h and increases at day 7, as shown in Fig. 2.
These DAI results correlate well with behavioral observation of rat
locomotor abilities.
Conclusion: Results of diffusion anisotropy imaging, requiring 1/2
time of full DTI experiment, correlate well with rat recovery after
severe spinal cord traumatic injury.

509
The influence of a cellular size distribution on MR diffusion
measurements
S. N. Jespersen, M. Pedersen, H. Stødkilde-Jørgensen; MR-
Research Center, Aarhus Universitet, Aarhus, DENMARK.

Introduction: Although diffusion weighted magnetic resonance
imaging is of great clinical value, for instance in diagnosing stroke,
current understanding of the underlying biophysics is incomplete.
Several candidate explanations point to the possible role of com-
partmental diffusion: bi-exponential diffusion is almost ubiquitous-
ly observed in biological tissue. Whereas there is general
agreement that this is due to the existence of two or more proton
populations with different diffusional properties, there is no broad
consensus concerning the identity of the corresponding proton
pools. The picture is blurred by the fact that different groups arrive
at different estimates for the apparent diffusion constants as well as
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the associated volume fractions. Some of the reasons behind these
discrepancies are well understood, but others remain to be scruti-
nized. The purpose of this study is to investigate the influence of
cell size variations on pulsed field gradient diffusion measurements
using numerical simulations.
Methods: We use the Kärger [1] equations to model diffusion of
water in a multicompartmental system and allow each cell to be
represented by its own compartment. The cells are modeled as
spheres with a normally distributed cellular radius of average 6 µm
and relative width W. In the numerical simulations we use 100 cells
and 1 extracellular compartment, and the remaining independent
parameters are: intracellular diffusion constant Di=0.05 µm2/ms,
extracellular diffusion constant De=1.3 µm2/ms, cell wall perme-
ability P=0.004 µm/ms, extracellular exchange time τ=125ms.
Compartmental volume fractions and diffusion constants are esti-
mated by fitting the numerically calculated signal to the two-com-
partment solution.
Results: Figure 1 shows the estimated volume fractions as a func-
tion of the relative width W of the cellular radius distribution, indi-
cating that the intracellular volume is very sensitive to cell size
variations. However, at least for high diffusion gradient strengths,
the estimated compartment sizes follow the actual volume fractions
quite closely. Figure 2 demonstrates that the intracellular apparent
diffusion constant decreases with increasing cell size variations,
and similarly for the extracellular diffusion constant.
Conclusions: We found that whereas a broad distribution of cellu-
lar radii has a profound impact on compartmental volume fractions,
these numbers are well reproduced by assuming a two-compart-
ment description. In addition, the small sensitivity of the apparent
diffusion constants indicate that the two-compartment model is rel-
atively robust against cellular size variations.
References:
[1] J. Karger, H. Pfeifer and W. Heink, Principles and Applications
of Self-Diffusion Measurements by Nuclear Magnetic Resonance.
Adv. Magn. Res. 12, (1988).

Fig. 1: 

Fig. 1. Axial DW images of the in-
jured spinal cord of a rat recorded 24
h after SCT from slice 1 - at 0 mm
and slice 3 - at 5.6 mm.

Fig. 2. Time dependence of
anisotropy index AI in WM
and GM for injured spinal
cord for slice 1 at 0 mm
from the
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Fig. 2: 

510
A comparison of multi-compartment diffusion fit models
considering exchange phenomena
C. Kiefer, J. Slotboom, L. Remonda, J. Gralla, G. Schroth;
Neuroradiology, Institute for Diagnostic and Interventional
Neuroradiology, Bern, SWITZERLAND.

Purpose: This study examines the effect of diffusion exchange
processes on the quantification by different multi-compartment fit
models. Assuming that mainly protons adjacent to cell membranes
contribute to the exchange processes a magnetization transfer (MT)
presaturation pulse affects especially these protons. The modified
Tanner-Kärger model presented in Meier et al. (1) that considers
these exchange phenomena interprets the MT related signal attenu-
ation as the effect of the diffusion across the cell membranes
whereas a standard diffusion model for slow or fast exchange mis-
interprets the effects.
Subjects and Methods: In clinical diffusion weighted MRI typical
diffusion times ∆ often exceed 50 ms. In this range exchange
processes across the cell membrane significantly affects the diffu-
sion characteristics in multicompartimental systems and thus influ-
ence the MRI signal. The Tanner-Kärger theory considers these
exchange phenomena by introducing an intracellular diffusion co-
efficient DI depending on the diffusion time ∆. The diffusion time
∆ = 60 ms is determined by the timing of the EPI sequence (N=7 b-
values, bmax=3000 s/mm2) used in this study. The starting values
for the Levenberg-Marquardt algorithm were DI = 0.001 mm2/s,
DE = 0.003 mm2/s, exchange times tI = 50 ms, tE = 950 ms.
Results: The residual sum of squares chi2 (in arbitrary units) with-
out and with MT presaturation show no significant change mainly
in regions with gray matter using the modified Tanner-Kärger
model (chi2: 2.0 -> 1.9) whereas for the slow exchange model the
changes were chi2: 1.9 - > 3.0 and the fast exchange model chi2: 86
- > 135.
Conclusion: The combination of multiple weighted diffusion ex-
periments with MT presaturation pulses revealed the importance of
considering diffusion exchange phenomena in multi-compartment
diffusion fit models. The modified Tanner-Kärger model presented
in (1) is in excellent agreement with the observed data. The com-
partiment related diffusion coefficients, sizes and residual error
maps may be used as helpful diagnostic parameters for the segmen-
tation of brain tissue.
References:
[1] Meier C. Magn Reson Med 50, 500-509 (2003).

511
In vivo diffusion microscopy of mouse spinal cord using MRI-
compatible rodent ventilator
J. Bonny1, M. Gaviria2, J. Donnat1, H. Haton2, A. Privat2, 
J. Renou1; 1Stim, INRA, Saint-Genes Champanelle, FRANCE,
2U583, INSERM, Montpellier, FRANCE.

Purpose/Introduction: Despite the sensitivity of diffusion weight-
ed imaging (DWI) to physiological bulk motion, the depiction in
vivo of the mouse thoracic spinal cord is feasible using DWI (1).
Nevertheless a respiratory gating is mandatory in order to minimize
motion-related artefacts. The present work shows several experi-
mental evidences demonstrating that ventilation is feasible and ef-
ficient for mice in vivo imaging.
Subjects/Methods: Experiments were performed at 9.4T on a ver-
tical magnet according to the protocol described in (1). Mice were
mechanically ventilated using a MRI-1 rodent ventilator (CWE,
USA) with 1.5% isoflurane in a mixture of air and oxygen (60%),
2.2-ml tidal volume, 100 breaths per min and a 1:1 inspiration-to-
expiration ratio. After initiation of ventilation, mice were curarized
with a intraperitoneal 0.3-mg/kg bolus of Pavulon which was re-
peated every 45 min (by means of an IM catheter).
Results: It has been observed that mice curarization is important
for maintaining a steady breathing. In this condition, the image
quality depends slightly on the trigger delay. The figures below
show typical images of mouse thoracic spinal cord obtained with
assisted ventilation and respiratory gating. Axial and radial refer to
the directions of diffusion sensitizing gradients relatively to the
spinal cord axis.
Discussion/Conclusion: Even if the radial diffusivity is potentially
a more specific marker of myelin injury than the average diffusivi-
ty and the anisotropy (2), the radial DWI are much more sensitive
to residual motion because of the high b values needed for produc-
ing significant attenuation due to diffusion in white matter (3).
Here the rejection of motion-related artefacts at tr(b) = 1800 s/mm2
is sufficient for quantifying radial ADC and the observed values of
~ 0.2 10-3 mm2/s in white matter and of ~ 0.5 10-3 mm2/s in grey
matter are consistent with those measured in rat (3). This outcome
presently allows a quantitative and time-related characterization of
lesion development.
References:
[1] Bonny JM, Gaviria M, Donnat JP, Jean B, Privat A, Renou JP
[2004] Neurobiol.Dis. 15:474-482.
[2] Song SK, Sun SW, Ju WK, Lin SJ, Cross AH, Neufeld AH
[2003] Neuroimage 20:1714-1722.
[3] Franconi F, Lemaire L, Marescaux L, Jallet P, Le Jeune JJ.
[2000] Magn.Reson.Med. 44:893-898.
(a) T1-weighted image (b~0)
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(b) axial DWI tr(b)=500 s/mm2

(c) radial DWI tr(b)=1800 s/mm2.

512
Estimations of cell volume and membrane permeability in a
rat model of cerebral ischemia
M. Sekino, M. Sano, S. Ueno; Department of Biomedical
Engineering, Graduate School of Medicine, University of Tokyo,
Tokyo, JAPAN.

Introduction: Acute cerebral ischemia causes a decrease in the ap-
parent diffusion coefficient (ADC). While the decrease in the ADC
has been attributed to an increase in cell volume, the effect of a
change in membrane permeability on the ADC is not clear. In this
study, we estimated the cell volume and membrane permeability in
a rat model of cerebral ischemia using the pulsed-gradient spin-
echo (PGSE) measurement and the finite difference diffusion simu-
lation.
Methods: Focal cerebral ischemia was induced by intraluminal oc-
clusion of the right middle cerebral artery. Diffusion signal attenu-
ation was measured using the pulsed-gradient spin-echo method
with b factors up to 6000 s/mm2. The finite difference method was
used to analyze diffusion signal attenuations in cells. The diffusion
coefficients in intracellular and extracellular spaces were set to
7.8×10-4 mm2/s and 11.2×10-4 mm2/s, respectively. The measured
signal attenuation was compared with the simulated signal attenua-
tions which were obtained with various cell volumes and mem-
brane permeabilities. The cell volume and membrane permeability
were estimated by minimizing the difference between measured
and simulated signal attenuations.
Results: Figure (a) shows diffusion-weighted image of the rat
brain. Voxels for the PGSE measurements were located on normal
and ischemic tissues. Figures (b)(c) show the measured signal at-
tenuations in normal and ischemic tissues for six gradient direc-
tions. The ischemic tissue exhibited higher signal intensity and
lower diffusion anisotropy compared to the normal tissue. Volume
fractions of intracellular spaces in normal tissue and ischemic tis-
sue were 80 % and 89 %, respectively. The cerebral ischemia
caused an increase in the cell volume, which is consistent with pre-
vious studies. Membrane permeabilities in normal and ischemic
tissues were 27.3 µm/s and 4.5 µm/s, respectively. The cerebral is-
chemia caused a decrease in the membrane permeability.
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Ventricle abnormalities and decreased ADC values in the
brain of a FXTAS mouse model
G. Vanhoutte1, R. Willemsen2, M. Hoogeveen-Westerveld2, 
B. Oostra2, A. Van der Linden1; 1Biomedical Sciences, University
of Antwerp, Antwerpen, BELGIUM, 2clinical Genteics, Erasmus
MC, Rotterdam, NETHERLANDS.

Introduction: Deep white cerebellar matter of patients with the
FXTAS disorder (FragileX Tremor Ataxia Syndrome), show a con-
sistent decreased T1 and increased T2. Next to this, moderate en-
largement of the 3rd and 4th ventricle is noted(1). To better
understand the mechanism of this syndrome which is based on a
trinucleotide element (CGG) repeat instability, a mouse model was
generated recapitulating intranuclear neuronal inclusions also
found in humans(2). Our purpose was to phenotypically character-
ize this model using neuro-MRI. This research relates the de-
creased T2 in humans with diffusion abnormalities in the mouse
model.
Subjects and Methods: Mice (repeat n=5, wt n=5), anaesthetised
using 0.7% isoflurane were monitored for end-tidal CO2
(3.5±0.5%) (Capstar-100,Linton Instruments,UK), breaths per
minute (180±20) and body temperature (37±0.5°C) (PC-SAM,SA
Instruments,UK). DWI was performed using SE sequence (TE
35ms,TR 2000ms) on a 7T MRI system (MRRS, UK. Fourtheen
1mm coronal slices covered the whole mouse brain (FOV
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16*16mm2, 2 averages, acquisition matrix 256*128). A set of im-
ages with 3 different b values was used (0s/mm2, 186s/mm2,
672s/mm2) to quantify the Apparent Diffusion Coefficient (ADC)
of by fitting the different SE signal intensities using IDL (Research
Systems Inc.,CO,USA).
Results: Comparing SE images (b= 0) of wt mice with repeat mice
reveals the actual disappearance of the lateral ventricles in the latter
(Figure 1). ADC values for the immediate vicinity of the lateral
ventricles were significantly lowered in the repeat mice
(624.74±9.15µm2/s compared to 740.42±12.62µm2/s). ADC ab-
normalities were strictly restraint to gray matter areas at the level of
the lateral and 3rd ventricle. Normal ADC values were found for
both groups in gray matter areas at the level of the 4th ventricle and
in regions such as the cortex and the olfactory bulb.
Discussion: Striking uniform anatomic abnormalities of the lateral
and 3rd ventricle in CGG repeat mice are associated with decreased
ADC values in the adjacent gray matter reflecting cell swelling.
Relating these results to the reported production of inclusions by
the ependymal cell layer lining the lateral ventricles (ref), our ob-
served decreased ADC is explained by modified osmotic tensions
at the level of the extracellular fluid since inclusions may give rise
to impaired CSF composition. Due to increased intracranial pres-
sure, the lateral and 3rd ventricle collapse. As these mice survive,
there might be compensatory mechanisms such as enlargement of
the more anteriorly located ventricles supported by enlarged 4th
ventricle in humans.
References:
[1] Brunberg JA.AJNR (2002)
[2] Willemsen R. HumanMolGen.(2003)
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Noninvasive assessment of the effect of a vascular targeting
agent on rodent tumors with diffusion-weighted and dynamic
contrast-enhanced MRI
F. De Keyzer1, V. Vandecaveye1, H. Thoeny2, F. Chen1, X. Sun1,
Y. Ni1, R. Hermans1, C. Boesch3, G. Marchal1, W. Landuyt4, 
H. Bosmans1; 1Radiology, University Hospitals Leuven, Leuven,
BELGIUM, 2Diagnostic Radiology, University Hospital of Bern,
Bern, SWITZERLAND, 3Clinical Research, University Hospital of
Bern, Bern, SWITZERLAND, 4Experimental Radiobiology/LEO,
University Hospitals Leuven/KULeuven, Leuven, BELGIUM.

Introduction: Diffusion-weighted MRI (DW-MRI) is being used
to assess tumor integrity and cell density. In practice, different ap-
parent diffusion coefficient (ADC) maps can be calculated from a
series of b-values. ADC maps including only high b-values approx-
imate true diffusion, but if lower b-values are also included, an in-
fluence of perfusion is introduced. The difference between these
two could match with more classical perfusion studies. In this
study, we compared different DW-MRI and Dynamic Contrast-
Enhanced MRI (DCE-MRI) for the follow-up of vascular targeting
agent induced perfusion changes in a rat tumor.
Subjects and Methods: Syngeneic tumors (n=10) were implanted
subcutaneously in the flanks of WAG/Rij rats. After a baseline DW-
MRI and DCE-MRI, an i.p. injection of 25mg/kg of Combretastatin

A-4-phosphate (CA-4-P; OXiGENE, Watertown, USA) was ad-
ministered and the MR examination was repeated at 1 hour, 6
hours, 2 days and 9 days posttreatment. Histopathological correla-
tion was obtained at each time point.
The MR scans were performed on a 1.5T Siemens SONATA scan-
ner. For the DW-MRI, an echoplanar sequence with a large range of
b-values was used and the DCE-MRI was performed using a dy-
namic T1-weighted VIBE sequence.
Offline, the entire tumor volume was delineated using Biomap soft-
ware (Novartis, Basel, Switzerland). ADC values from low
(b<100sec/mm²; ADClow) and high b-values (b>500sec/mm²;
ADChigh) and their difference (ADCperf) were calculated. The
DCE-MRI was quantified by the volume transfer constant k and the
initial slope, which were correlated to the ADCperf.
Results: One and 6 hours posttreatment, k and the initial slope as
well as ADCperf decreased significantly, while ADChigh remained
unchanged. Histology showed still viable tumor tissue at this time.
At 2 days, no significant changes were found in the perfusion indi-
cators (k, initial slope and ADCperf) compared to the previous time
point, but a significant increase in ADChigh was noted, histologi-
cally corresponding to increase of the necrosis. At 9 days, all perfu-
sion indicators increased significantly, while the ADChigh showed
a significant decrease. This was paralleled by an increase in viable
rim of the tumor on histology. Regression analysis showed correla-
tion of the changes in ADCperf with k (R²=0.76) and with the ini-
tial slope (R²=0.75).
Conclusion: The ADCperf from the DW-MRI correlates with the
DCE-MRI in visualizing perfusion changes induced by CA-4-P,
and can be obtained from a DW MRI acquisition with a long series
of b-values. At the same time, ADC maps of only high b-values
show cell density and viability.

515
Fast method for measurement of gradinet magnetic field
waveforms
J. Macola, Jr., K. Bartu�ek; Nmr, Institute of Scientific
Instruments, Academy of Sciences, Brno, CZECH REPUBLIC.

Introduction: Accurate knowledge of a gradient magnetic field
waveform is important for measurement of diffusion coefficients in
NMR. Diffusion coefficients are determined from the decay be-
tween the MR signal affected and the one not affected by the gradi-
ent pulses. Therefore the waveform of the gradients is essential
from the point of view of the accuracy. Short ramp times, amplitude
of generated gradients and symmetry of positive and negative lev-
els (i.e. integral of two pulses with the same amplitude and inverse
polarity is zero) are desirable.
Method and purpose: Measuring of gradient pulse waveforms
and basic field waveforms is based on the instantaneous frequency
measuring method of the FID signal with presence of the gradient
pulse after excitation of the thin slice out of the centre of the gradi-
ent field [1].
Waveforms of the gradient fields Gx(t),Gy(t),Gz(t) and also the
fluctuations of the basic magnetic field caused by those gradients
were measured by this method. On the first picture is the example
of the Gx gradient. The stationary magnetic field B0 affected by
switching of the gradient Gx (due to the eddy currents) is displayed
on the second picture. The integrals, which define a polarity asym-
metry of the gradient system, were computed from the gradient
waveforms. Further the edge times of the gradient pulses were de-
termined and the influences between designed and measured wave-
forms were also computed.
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Results: The measurement was performed on the 4.7T / 200mm
NMR spectro-tomograph (designed on the Institute of Scientific
Instruments - Brno Czech Rep.) with active shielding and with 180
mT/m of max. field gradient. The Spin-echo pulse sequence with
selective excitation of the thin slice out of the center of the gradient
field was used. The table below summarizes important parameters
and influences of the gradient pulses and the static field B0. 

δG+ relative error of the positive gradient pulse amplitude
δ∫+ relative integral error of the positive pulse
δ∫ relative integral error of the both pulses
tr+ rise time +
tf- fall time -
δB0 relative inhomogenity of the basic field
Conclusion: Measurement method of the field gradient pulses,
which is described here, was used for eliminating of the instrumen-
tal and methodical artifacts, during the �in vitro� measurement of
the diffusion coefficients on the biological samples in MR tomog-
raphy.
References
[1] Bartu�ek K., Gescheidtová E. [2002] Journal of Electrical
Engineering, 10:p.49-52
[2] Limin L., Sotak C. H. [1991] JMR, 92:p.411-420
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Optimization of the Line Scan Diffusion Imaging pulse
sequence
J. Raya, O. Dietrich, A. Baur, M. Reiser; Department of
Clinical Radiology-Großhadern, Ludwig Maximilian University,
Munich, GERMANY.

Introduction: One of the major problems in performing diffusion-
weighted imaging (DWI) is the extreme sensitivity of diffusion se-
quences to motion. A very interesting technique, which is by
construction insensitive to motion and susceptibility artifacts, is the
spin-echo based line scan diffusion imaging (LSDI) sequence[1].
The starting point of LSDI is a line-by-line construction of the
image. This imaging scheme allows rapid acquisitions of images
virtually free from motion artifacts. However, it suffers from a low
signal-to-noise ratio (SNR), since the signal comes only from a 1-
dimensional volume at each read-out. Therefore, an inadequate
choice of sequence parameters leads to a very low SNR and to line-
shaped artifacts. The purpose of this work was to optimize the
LSDI sequence parameters in order to maximize the SNR and to
avoid those artifacts.
Subjects and Methods: The optimization of the quality of LSDI
images has been investigated both numerically and experimentally.
Different factors influence the image quality: the duration of the
diffusion gradients, the overlap between two neighbouring lines,
the elapsed time between the excitation of two adjacent lines (the
so-called effective repetition time, TReff), the number of dummy
scans, and the bandwidth. In order to determine how these parame-
ters influence the image quality, numerical simulations of the LSDI
sequence and measurements on a 1.5 T scanner (Magnetom Sonata;
Siemens, Erlangen, Germany) of a water phantom and in three
healthy volunteers have been performed.
Results: Numerical simulations show that line artifacts are mainly
caused by a combination of three factors: T1 relaxation time, over-
lap between adjacent lines, and the effective repetition time. For
example, when the quotient of TReff and T1 is small and there is a
significant overlap between adjacent lines, the number of dummy
scans must be increased in order to achieve a true steady state of the
magnetization. Optimizing the quality also requires a compromise
between the signal loss due to the overlap between lines and the
spatial resolution. Our MRI measurements (see Fig. 1) show agree-
ment with the findings obtained by numerical simulations.

Conclusions: With an adequate choice of the sequence parameters
LSDI has been revealed as a robust and motion-insensitive DWI
technique. However, due to its special image construction proce-
dure, the optimization of the LSDI sequence is considerably differ-
ent from the optimization of conventional (2D or 3D) sequences.
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References:
[1] Gudbjartsson H, Maier SE, Mulkern RV, Mórocz IÁ, Patz S,
Jolesz A [1996] Magn Reson Med 36:509-519
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Simulation of diffusion timing for q-space imaging
J. Lätt1, S. Brockstedt1,2, R. Wirestam1, F. Ståhlberg1;
1Department of Medical Radiation Physics, Lund University,
Lund, SWEDEN, 2Department of Diagnostic Radiology, Lund
University, Lund, SWEDEN.

Introduction: High b-value q-space imaging enables studies of
water mean displacement and characterization of microscopic
structures [1]. The requirement that the duration (δ) of the diffusion
encoding gradient pulse is much shorter than the time interval be-
tween the two pulses (∆) is difficult to fulfill in the clinical MRI en-
vironment [2]. The aim of this study was to simulate q-space
measurement conditions achievable in clinical MRI and to investi-
gate the limitations and errors in the corresponding q-space data.
Methods: Simulations were performed assuming a standard
Stejskal-Tanner diffusion pulse sequence. Six diffusion times
TD=(∆-δ/3) were simulated. For each TD, ∆ and δ were varied to
obtain maximum resolution, without exceeding an echo time (TE)
of 136ms (Table 1). The achievable resolution, given by 1/qmax,
where q= γδG, was determined assuming a maximum gradient
(Gmax) of 40mT/m. 10000 molecules were generated and for each
molecule, a random-walk during TD with step-size 0.01ms was
simulated, following a Gaussian displacement distribution at each
step. The molecules were restricted to remain within a cubic box
with the side a=15µm and reflecting walls. The phase shift ac-
quired at the final position was calculated according to ∫γδGdr,
where dr is the net displacement. Signal was simulated for 32 q-
values, and Rician noise was added to obtain SNR=37. The full
width at half maximum (FWHM) was estimated from the displace-
ment distribution. A high-resolution simulation, using Gmax=
400mT/m and varying δ/∆ between 0.10 and 0.99, was performed
without considering TE or noise.
Results: The signal-attenuation curves (Gmax= 40mT/m) for dif-
ferent TD values are shown in Fig.1. The simulation conditions and
the corresponding FWHMs are given in Table 1 along with the
FWHM of the high-resolution situation. Fig. 2 shows FWHM as a
function of a2/∆D for the different simulations.
Discussion: In clinical MRI, several factors will hamper q-space
imaging, and the smallest resolvable structure will be limited by the
resolution limit and the finite pulse length. In the case of restricted
diffusion, when measurements are performed in the long time-scale
limit, i.e. a2/∆D<1, a violation of the condition δ/∆<<1 will lead to
a 25-30% underestimation of FWHM. In the short time-scale limit
(a2/∆D>1) diffusion is considered free and δ/∆ is less important.
The situation in vivo is more complex, and exchange between dif-
ferent water compartments ought to be taken into account.
References:
[1] Assaf et al[2002] MRM 47:115-126
[2] Callaghan: Oxford University Press 1991



Cells, Extracts, Fluids

518
DTI of trabecular bone tissue
C. Rossi1, S. Capuani2, F. Fasano3, M. Alesiani1, B. Maraviglia4;
1Physics Department and INFM U.d.R. Roma1, University, Rome,
ITALY, 2INFM CRS SOFT Physics Dpt. Enrico Fermi Center,
University, Rome, ITALY, 3Laboratory of Functional
Neuroimaging, IRCCS Santa Lucia, Rome, ITALY, 4INFM CRS
SOFT Physics Dpt. Enrico Fermi Center, University, Rome,
ITALY.

Until now, DTI was mainly used to investigate cerebral morpholo-
gy. In this work it was used to obtain structural information on tra-
becular bone tissue.
A long bone is constituted by compact bone and by spongy bone.
The heterogeneous structure of spongy bone exhibits at the same
time anatomical site dependence and directional anisotropy of me-
chanical properties and architecture. This section of the bone is
constituted by trabecular bone. In such a structure marrow is en-
trapped inside pores of diameters between 50 µm and 1mm while
the separation of next pores is about 200 µm and so marrow mole-
cules diffusion is anisotropic.
In our study a PGSTE sequence was used to obtain a series of MR
images from bovine bone samples. The intensity of the gradient
was varied for each of the seven directions of the diffusion sensi-
tive-gradients and, therefore, the experimental b-value varied as
well. Starting from these images it was possible to calculate the
fractional anisotropy (FA) map and the mean diffusivity (MD)
map.
PGSTE sequence was implemented on a Bruker Biospec operating
at 7T with maximum gradients strength equal to 280 mT/m. For
each gradient direction (x, y, z, xy, yz, xz, xyz), δ=6ms and
∆=150ms were chosen for trabecular bone marrow, while experi-
mental b-values ranged from 0 s/mm2 to about 15250 s/mm2 . MD
and FA maps emphasize the differences between the extreme re-
gion of the spongy bone, epiphysis, that is characterized by a
strong orientation of trabecular bone, and metaphysis, that is the
region between compact and spongy bone, where trabecular bone is
characterized by bigger pores and by less oriented structures.
Our preliminary results show that MD and FA maps are more sen-
sitive than conventional NMR techniques to bone microstructure.
DTI could be a potential tool in the study of bone architecture and,
above all, a non-invasive and non-destructive means for the diag-
nosis of bony diseases like osteoporosis.
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High Resolution Magic Angle Spinning MR Spectroscopy on
fine needle biopsies to discriminate malign and benign human
prostate tissue 
J. J. A. van Asten1, V. Cuijpers2, C. Soede-Huijbregts1, M. van
der Graaf1, A. Verhofstad2, A. Heerschap1; 1Radiology, University
Medical Center, Nijmegen, NETHERLANDS, 2Pathology,
University Medical Center, Nijmegen, NETHERLANDS.

Introduction: Diagnosis or treatment evaluation in prostate cancer
(PCa) commonly relies on the histopathology of fine needle biop-
sies (FNB). To determine metabolite levels in these biopsies High
Resolution Magic Angle Spinning (HRMAS) MR spectroscopy
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(MRS) may be used. As the sample remains intact, histopathology
can be performed on the same tissue sample and HRMAS MRS
may function as an adjunct to assess metabolism next to standard
histopathology.
Methods: Routinely taken FNBs from 47 patients with prostate
disease were subjected to HRMAS MRS before histopathological
examination. HRMAS MRS was performed on a Bruker DRX 500
MHz spectrometer. Biopsy material (2.2-6.9 mg) was restricted to a
12-ul sphere with a 30/70 mixture of PBS-buffer/D2O preventing
tissue damage. Spectra were acquired at 4°C at a spinning rate of 5
kHz, employing the CPMG sequence (T2filter/TR=50/2000ms)
[1]. Histopathological examination of standard Haematoxylin
Eosin stained slides of frozen sections of the prostate biopsies
ranked the measured biopsies into two categories; benign (29) and
malignant (18 with 30%-90% malignant area). To discriminate the
two categories the metabolite signals of glycerophosphocholine
(GPC), choline (Cho), spermine (Spm), creatine (Cr) and citrate
(Cit) were fitted with optimized combinations of Lorentzian and
Gaussian line shapes. The calculated areas were normalized by the
number of contributing protons and divided by the creatine signal
intensity. Statistical analysis was performed by a two-tailed un-
paired t-test.
Results:
Table 1 demonstrates the discrimination of malign and benign
FNBs by HRMAS MRS. 

Examples of spectra of the two categories are shown in figure 1.
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Discussion: The decreased Cit/Cr and Spm/Cr and increased
Cho/Cr and GPC/Cr ratios in malignant FNB material are in agree-
ment with an altered metabolism in PCa [2-4]. Although the vari-
ances in table I are rather large, differences in Cit/Cr, Cho/Cr, and
GPC/Cr are all significant. The not significant difference in Spm/Cr
may be caused by a reduced MR visibility of Spm both in benign
and malignant FNBs due to binding of Spm to negatively charged
compounds after cell damage along the surface area of the FNB. In
conclusion, this study shows the feasibility of HRMAS MRS on
clinically obtained FNB material without a radical prostatectomy
and is a promising method applicable to various types of prostate
tissue including prostatitis and benign prostatic hyperplasia.
References:
[1] Meiboom S, et al., Rev Sci Instrum 1958;29:688-691.
[2] Costello LC, et al., Prostate 1999;38:237-245.
[3] Lynch MJ, et al., Prostate 1997;30: 248-255.
[4] Swanson MG, et al., MRM 2003;50:944-954.
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31P NMR spectra of phospholipids's extracts from plasma of
patients with hematological cancers
M. Kuliszkiewicz-Janus1, M. Tuz2, S. Baczynski3; 1Hematology,
Wroclaw Medical University, Wroclaw, POLAND, 2Physics,
Wroclaw University, Wroclaw, POLAND, 3Chemistry, Wroclaw
University, Wroclaw, POLAND.

Introduction: Phospholipids from plasma extracts have been used
to differentiation between malignant and normal plasma and to
identify plasma undergoing malignant transformations. The inves-
tigations of 31P may explain the mechanism of phospholipids�
transport through cell membranes.
Material and Methods: 31P spectra came from methanol-chloro-
form extracts of sera, of 21 healthy volunteers and 30 patients with
hematological cancers: acute leukemia, non-Hodgkin lymphoma,
multiple myeloma.
Results: In 31P NMR experiments on phospholipids� extracts,
MDPA was used as an external reference substance. Location of
MDPA peak in relation to 85% H3PO4 equals 16.726 ppm. The ref-
erence substance concentration CMDPA was 1.114 x 10-2 mole/l.
Peaks� identification in phospholipids extracts spectra based on
31P NMR investigations of samples, which contained separated
phospholipids and phospholipids extracts of plasma to which sin-
gular phospholipid was added.
Received 31P MRS spectra of healthy volunteers consist of peaks
corresponding to phospholipids. One of them corresponds to PC1
& PC2, the others to CPLAS, PS, LPC, SM, PE, PI, and MDPA.
First group of patients consists of individuals in active stadium of
disease. Second group made patients in the period of complete or
partial remission. On the basis of received integral intensity values,
concentration of particular phospholipids was calculated. Spectra
of patients who was at active stadium of the blood cancer disease
differ of these obtained from healthy volunteers and patients in re-
mission. For first group was observed the reduction of all integral
intensities� values in the spectra compared to healthy people spec-
tra and patients with remission (Fig. B). It means that the particular
concentrations� levels of phospholipids in the plasma are decreased
during the progress of hematological cancers (Table)
Conclusions: On the basis of measured values we claim 31P MRS
spectra of phospholipids� extract of plasma carry an information
about the particular phospholipids� concentration in plasma, thus
reflect the stage of hematological cancers. The changes of concen-
trations of phospholipids in plasma are probably due to the in-

creased uptake of phospholipid�s metabolites in proliferating blast
cells and their disturbed transport through cell membranes.
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MRS signals of choline metabolites as indicators of human
ovarian tumour progression
E. Iorio1, F. Spadaro1, C. Ramoni1, S. D'Ascenzo2, 
D. Milllimaggi2, V. Dolo2, A. Pavan2, D. Mezzanzanica3, 
P. Alberti3, S. Canevari4, F. Podo1; 1Department of Cell Biology
and Neurosciences, Istituto Superiore di Sanità, Rome, ITALY,
2Department of Experimental Medicine, University of L'Aquila,
L'Aquila, ITALY, 3Department of Experimental Oncology and
Laboratories, Istituto Nazionale Tumori, Milan, ITALY,
4Department of Experimental Oncology and Laboratories, Istituto
Nazionale Tumori, Rome, ITALY.

Introduction: Human ovarian carcinoma represents a major type
of gynaecological malignancy, mostly originating (85-90%) from
transformation of the ovary surface epithelium (OSE). Because of
the invasive nature of these tumours and the current inability to de-
tect the disease at early stages, a significant number of patients are
initially diagnosed only after the neoplasia has already spread
throughout the peritoneal cavity. The triggering events in the onset
and progression from ovary surface epithelium to carcinoma are
still scarcely elucidated.
MRS may offer powerful approaches to detect metabolic alter-
ations associated with malignant phenotypes and monitor the bio-
chemical pathways underlying these spectral variations.
Methods: 1H and 31P MRS analyses of choline metabolites were
performed at 9.4 or 16.4 T (Bruker Avance) on ethanolic cells ex-
tracts of human ovary carcinoma cell lines (OVCAR-3, CABA 1,
IGROV I, SKOV3, OVCA432) and of in vitro short-term cultures
of OSE cells and immortalized IOSE and IOSE h-TERT cells.
Sub-cellular localization of phosphatidylcholine-specific phospho-
lipase C (PC-PLC) was examined by immunofluorescence
Confocal Laser Scanning Microscopy on viable or permeabilized
cells. Choline uptake was determined by measuring the net accu-
mulation of radioactivity following a 1h pulse incubation with 14C
choline.
Results and Discussion: MRS measurements showed that PCho
represented the major component of total choline-containing phos-
pholipid metabolites (tCho) in carcinoma cells, while glycerophos-
phocholine (GPC) was the predominant tCho metabolite in OSE. A
�GPC/PCho switch� was associated with carcinogenesis
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(GPC/PCho ratios 1.9±1.3 and < 0.1 in OSE and in carcinoma
cells, respectively); while the GPC/PCho ratio progressively de-
creased during immortalization (0.8± 0.3 and 0.3±0.1 in IOSE and
in IOSE h-TERT cells, respectively). The substantial increase in
PCho observed in carcinoma cell lines was associated with striking
differences in PC-PLC localization and expression. In fact, while in
OSE, IOSE and IOSE h-TERT cells PC-PLC was confined to cyto-
plasmic areas, in some tumour cell lines the enzyme was also mas-
sively expressed on the outer membrane surface and in the nucleus.
Quantitative differences in PC-PLC expression were observed be-
tween OSE/IOSE and tumour cells. The uptake of the 14C-choline
was increased (10-30 x) in carcinoma cell lines with respect to OSE
and IOSE cells.
Conclusions: Our results point to the interest of further investigat-
ing the role of both biosynthetic and degradative phosphatidyl-
choline pathways in ovary tumour progression and suggest the
potential of MRS signals of choline-containing metabolites in in
vivo diagnosis and therapy monitoring of ovarian carcinomas.
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Assessment of GDEPT pharmacokinetics with 19F-MRS 
L. Mancini1, G. S. Payne1, L. Davies2, F. Friedlos2, 
A. S. Dzik-Jurasz3, C. J. Springer2, M. O. Leach1; 1Cancer
Research UK, Clinical Magnetic Resonance Research Group, 
The Institute of Cancer Research and Royal Marsden NHS Trust,
Sutton - London, UNITED KINGDOM, 2Cancer Research UK,
Center for Cancer Therapeutics, The Institute of Cancer Research
and Royal Marsden NHS Trust, Sutton - London, UNITED KING-
DOM, 3Translational Medicine and Technology, GlaxoSmithKline,
Greenford, UNITED KINGDOM.

Introduction: Gene-directed enzyme prodrug therapy (GDEPT) is
a novel two-step anticancer treatment with limited toxicity to nor-
mal tissues. In it tumour cells are transfected with a gene express-
ing an exogenous enzyme, which subsequently converts a
non-toxic prodrug to an active anti-cancer agent. The strategy is ef-
fective with various enzyme systems in cells and animal tumour
models and is currently being assessed in humans (1-3). Success
depends on gene delivery and expression, as well as drug delivery
and conversion. We show that 19F MRS can be used to monitor
both steps non-invasively, due to the change in 19F chemical shift
on enzymatic cleavage. The good sensitivity in cells is encouraging
for applications in vivo.
Methods: 1.5 mM solutions of two 19F-containing drugs, two pro-
drug substrates of the carboxypeptidase (CPG2) enzyme, two sta-
ble non-toxic analogues of one of the drugs and of one of the
prodrugs were studied at 500MHz and 37°C with buffer containing
0.2, 1, 4% of BSA (bovine serum albumin) or 10% FBS (fetal
bovine serum). 0.015unit/ml of CPG2 were added to the solutions
containing the prodrugs and prodrug analogue. Confluent mono-
layers of tumoural cell lines expressing CPG2 (MDAMB361 and
WiDr) were studied with 1mM of prodrug analogue added to the
medium. The time evolution was followed at 300MHz and 35°C,
with a home-made 1cm diameter surface coil.
Results and Discussion: All prodrug-drug pairs and derived com-
pounds showed a chemical shift difference of ~1ppm (see Fig1,
showing the metabolism of one prodrug-analogue in WiDr cells).
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MRS showed the CPG2-mediated metabolism of prodrug to drug
to take 10min in water, 110min in FBS-containing buffer, and
16hours in cells.
The prodrug analogue, and its product have narrow linewidth (8Hz
at 500MHz in FBS-containing buffer) and are therefore suitable as
markers for localising the gene-delivery/enzyme-expression in
vivo.
In the cells studies, a SNR~3.5 was given by 1mM prodrug analo-
gous in 3.5-minute scan. MRS data showed that the prodrug ana-
logue reaches 50% of its initial value after ~500min in
MDAMB361 cells, and after 326 min in WiDr cells.
Conclusions: The 1ppm separation between prodrug (or analogue)
and product, together with good SNR, make 19F MRS a viable tool
to monitor both steps of the GDEPT therapy non-invasively in
vivo.
Aknowledgements: Cancer Research UK, for funding the work.
References:
[1] Niculescu-Duvaz I et al.,Curr.Opin.Mol.Ther.,1999;1(4):480-6
[2] Blaese,RM et al.,Science,1992;258:1960.
[3] Pandha,HS et al. J.Clin.Oncol,1999;17:2180-2189.
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Dark cytotoxicity measures of photosensitizers in a murine
tumor model by 31P MR studies 
S. Ramaprasad1, J. Pi1,2, E. Ripp1, S. S. Joshi3, J. Missert4, 
M. P. Dobhal4, R. K. Pandey4; 1Radiology, University of
Nebraska Medical Center, Omaha, NE, 2Computer sciences,
University of Nebraska at Omaha, Omaha, NE, 3Genetics, Cell
Biology, and Anatomy, University of Nebraska Medical Center,
Omaha, NE, 4Photodynamic Therapy Center, Roswell Park Cancer
Institute, Buffalo, NY, UNITED STATES.

Introduction: Photodynamic therapy (PDT) is a novel cancer
treatment modality in which the drug action is locally controlled by
light (1). Development of new photosensitizers (PS) for clinical ap-
plications needs to minimize dark cytotoxicity while maximizing
PDT effects in tumors. Here we report the observation of dark tox-
icity of PS by in vivo 31P MR and discuss their utility in the devel-
opment of new photosensitizers.
Methods: The Radiation induced Fibrosarcoma (RIF) cells were
maintained according to the protocol of Twentyman et al (2).
Tumors were grown on mouse foot dorsum by inoculating 2x105
cells.
Male C3H/HeJ mice bearing foot tumors (N=9) in the volume
range of 200-300µl were used in this study. Two new water soluble
photosensitizers (3) were tested for dark toxicity and tumor growth
monitored over 3-4 weeks. Of the two photosensitizers used in this
study, one was a porphyrin derivative (DOD-4) and the other was a
chlorin derivative (DOD-6). The PS administered was in the dose
range of 2.5-10µM/kg. 31P spectra from the foot tumor were col-
lected on Bruker 7 tesla animal imager and analyzed using the
JMRUI software (4).
Results: Both DOD-4 and DOD-6 showed significant increase in
inorganic phosphate (Pi) resonance in the first 2 hours post drug ad-
ministration. Representative spectra while using DOD-6 are
shown.
Figure 1: 31P spectra of mouse foot tumor before (A) and after (B)
administering DOD-6.
in Figure 1. Studies performed between 5-24 hours showed charac-
teristics of control spectra recorded before drug injection. When
photofrin was administered at similar doses, no significant changes
were seen in 31P MR spectra indicating minimal dark toxicity for
Photofrin.
Discussion: The studies on tumors using new Photosensitizers
demonstrate that dark toxicity can be observed by 31P MR. The
tumor volumes monitored over several days did not show any
tumor shrinkage. Dark toxicity shown by the two new PS was not
strong enough to interfere with the normal tumor growth. Our study
provides information on dark toxicity of a PS in an in vivo model
and hence provides a complete picture than those on cell lines.
Acknowledgement: This research was funded by the Department
of Defense (DAMD 17-99-1-9065).
References:
[1] Dougherty TJ, et al. (1998) J.Natl. Cancer. Inst. 90:889-905.
[2] Twentyman PR, et al. (1980) J.Natl. Cancer. Inst. 64: 595-604.
[3] Pandey SK, et al. (2003) Tetrahedron. 59:10059-10073.
[4] Naressi A, et al. (2001) MAGMA. 12:141-152.
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Biochemical profiling of human liver tissue by 1H HR-MAS
NMR spectroscopy of needle biopsies
D. Monleon1, B. Martinez-Granados1, M. Martinez-Bisbal1, 
J. M. Rodrigo2, J. del Olmo2, P. Lluch2, A. Ferrandez2, L.
Marti-Bonmati3, B. Celda1; 1Department of Physical Chemistry,
University of Valencia, Burjassot, SPAIN, 2Department of
Medicine, Hospital Clinico Universitario, University of Valencia,
Valencia, SPAIN, 3Department of Radiology, Hospital
Universitario Dr. Peset, University of Valencia, Valencia, SPAIN.

Purpose: The precise determination of biochemical and metabolic
profiles in intact tissue promises to extend the possibilities of NMR
as a medical diagnosis tool. Here, HRMAS 1H NMR spectra of in-
tact human liver needle biopsies are reported for the first time to
our knowledge. The aim of this study is to demonstrate the applica-
bility to clinical studies of HRMAS NMR biochemical profile de-
termination in intact human liver tissue obtained by needle biopsy.
Subjects and Methods:
Tissue obtaining
HRMAS 1H NMR spectra and consequent biochemical profile de-
termination were obtained for 11 samples of human liver tissue.
Eight of them were obtained by needle biopsy extraction, one dur-
ing abdominal surgery and the remaining two during respective au-
topsies.
HRMAS of intact tissue, sample preparation and acquisition
The amount of human liver tissue analysed for each subject ranged
from 1.0 to 10 mg. The HRMAS study was performed at 0 C.
HRMAS spectra were recorded in a Bruker AVANCE spectrometer
at 500 MHz. Samples were spun at 4kHz. Three different spectral
editing methods were used (1D pre-saturation, 1D-NOESY and
CPMG). Transversal relaxation times (T2) were measured in 2D-
CPMG experiments. A 2D TOCSY experiment was also recorded
on each sample for assignment purposes.
Results: NMR spectra showed narrow line widths and adequate
signal-to-noise ratios with well resolved spin-spin multiplicities, as
shown in Figure 1. The assignment of 80 resonances lead to the
identification of 22 metabolites on the spectra. In addition to stan-
dard liver metabolites, all amino acids and at least two different
types of fatty acids were clearly identified. T2 relaxation times for
most of these metabolites were also calculated.



Perfusion

Figure 1. Comparison of 1D 1H-NMR spectra of 10 mg of human
liver tissue with different types of filtering: 1D-NOESY (top) and
CPMG (bottom).
Discussion/Conclusion: Well-resolved spectra of human liver tis-
sue were obtained and assigned by 1H HRMAS NMR spec-
troscopy. Differences in signal intensities for important liver
metabolites like glycogen, α and β-glucose or fatty acids are ob-
served across different subjects. Among others, degradation of
glycogen to shorter polymeric segments and glucose can be detect-
ed. 1H spectra obtained in tissue amounts as low as 1.2 mg suggests
the applicability of the method to medical studies. Our results open
new possibilities for the application of this precise technique to
clinical environments. Finally, the set of resonance assignments ob-
tained by HRMAS may be a powerful help in the interpretation of
liver in vivo spectra.
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The inflow effect of signal intensity on T1-weighted images
using inversion recovery (IR) sequence for measuring
perfusion with MRI
M. Nazarpoor; Department of Radiology, Paramedical School,
University of Medical Science, Tabriz, IRAN (ISLAMIC
REPUBLIC OF).

Introduction: Two common acquisition strategies in MRI are
Centre out Phase-Encoding (COPE) and Linear Phase-Encoding
(LPE)[1].
The objectives of this study were to find the inflow correction fac-
tor at different velocities using the two acquisitions at two concen-
trations of Gd-DTPA (0.8 and 1.2mmol/L) and to recommend the
best acquisition for measuring perfusion with MRI using IR T1-
weighted TurboFLASH images.
Subjects and Methods: A flow phantom was designed to produce
four different steady state flows at the same time. The stationary
state can be obtained when the water flow was stopped. All studies
were carried out using a 1.5T clinical MR scanner with a standard
head and neck coil. Mean signal intensity (SI) was obtained in
ROIs. Coil non-uniformity was corrected on SI.
Inflow effects result when flowing liquid enters the imaging slice.
It appears between consecutive FLASH excitations.
The COPE acquisition starts with the central line of K space and
moves out from there, jumping back and forth from positive to neg-
ative K space. The majority of image contrast is determined by the
central views of K space and a small number of FLASH lines of K
space around the centre. Inflow and variation of relaxation time T1,
which is dependent on concentration, only has small effect on the
SI in the COPE acquisition.
The LPE acquisition starts from the top line of K space. Each line
can be read after one repetition time interval. SI in the LPE acquisi-
tion is acquired at the centre of K space when longitudinal magne-
tization recovery has reached steady state level and hence exhibits
greater variation with inflow.
The inflow correction factor can be calculated from the SI of the
steady state flow divided by the SI of the stationary state at the
same position in the image.
Results: Figures 1 and 2 show the inflow correction factor using
the LPE and COPE acquisitions.
Conclusion: Inflow effect depends on velocity and concentration.
For measuring the absolute cerebral blood flow [2,3], the velocity
and concentration of contrast agent of the arterial input function
should be known to find the inflow correction factor using the two
acquisitions.
Otherwise, the COPE is the better acquisition for measuring perfu-
sion, because inflow has less effect on SI.
References:
[1] M.NessAiver [1997], All you really need to know about MRI
physics.
[2] F.Calamante et al. [1999], Magnetic Resonance in Medicine
19:701-735.
[3] Moody et al. [2000], Investigative Radiology 35:01-411.
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Parametric map of myocardial perfusion 
M. K. Ivancevic1, P. Thévenaz2, A. G. Somsen3, A. Righetti3,
D. Didier1, J. Vallée1; 1Radiology, Geneva University Hospital,
Geneva, SWITZERLAND, 2Biomedical Imaging Group, EPFL,
Lausanne, SWITZERLAND, 3Cardiology, Geneva University
Hospital, Geneva, SWITZERLAND.

Purpose/Introduction: First-pass cardiac MR perfusion imaging
was initially performed only with 1 or 2 slices. With increasing per-
formances of MR scanners due to stronger gradients, and new tem-
poral sampling strategies, 2D multi-slice whole coverage of the
heart has been enabled. This, however, increases the data flow to be
analyzed. The standard manual ROI-based perfusion analysis get-
ting more time-consuming on an increasing quantity of data raises
the interest of an automated data analysis method. In this study we
present a pixel-wise, semi-automated and user-independent cardiac
perfusion analysis method.
Methods: Eight patients with a history of myocardial infarction
and no acute symptoms were included in this study. Infarction was
detected in 5 patients by Tl-SPECT used as reference. MR Imaging
was carried out on an Philips Eclipse 1.5T MR system with an RF-
FAST sequence and following parameters: TI/TR/TE 28/3.74/1.5
ms, 50 kHz bandwidth, 40° FA, 90°-180° preparation pulses,

112×128 matrix, mean FOV 37 cm (±2 cm). A cardiac surface coil
and ECG trigger were used. Eight slices were acquired during three
to six cardiac cycles, depending on patient's heart rate. A bolus of
0.08 mmol/kg Gd-DTPA was injected in a brachial vein at 0.5 ml/s
injection rate followed by 10 ml of isotonic saline with a Medrad
Spectris MR injector. Central short axis slices were chosen for the
analysis. A motion correction algorithm was first applied, using
IDL 5.5. LV cavity was segmented manually for the arterial input
function, and k1, k2 flow-related blood-tissue transfer coefficients
were calculated automatically in each pixel solving the one com-
partment model equation:
dCmyo(t)/dt=k1Cart(t)-k2Cmyo(t)
In the k1 maps obtained, pixel values were averaged in myocardial
regions of interest (ROI), two per following sectors: anterior, later-
al, inferior and septal, corresponding to the segmentation used in
the Tl-SPECT images.
Results: In 40 analyzed sectors, 12 were infarcted and 38 normal.
A 20% (±11) variability was found in normal sectors (s.d./mean per
patient, p>0.38), and a 45% (±24) reduction of k1 was found on av-
erage in infarcted regions (p<0.03). The variability found in normal
regions does not exceed variability reported in literature with man-
ual ROI definition.
Discussion/Conclusion: This study shows the feasibility of a semi-
automatic, parametric, cardiac perfusion analysis. Despite initial
limits such as spill-over contamination from the cavity, and diffi-
cult distinction of the endocardial wall due to partial volume, a
hypo-perfusion was detected in the infarcted areas. The algorithm
presented here accelerates the myocardial perfusion analysis proce-
dure.

529
Quantitative assessment of lung perfusion by FAIR True-FISP
technique at 0.2 T
P. Martirosian1, A. Boss1, M. Deimling2, H. Graf1, 
C. D. Claussen3, J. Schäfer3, F. Schick1; 1Section on
Experimental Radiology, University of Tübingen, Tübingen,
GERMANY, 2Department of Magnetic Resonance, Siemens
Medical Solutions, Erlangen, GERMANY, 3Department of
Diagnostic Radiology, University of Tübingen, Tübingen,
GERMANY.

Introduction: The depiction of lung perfusion is clinically impor-
tant for diagnosis of lung diseases such as pulmonary embolism,
pneumoconiosis, emphysema, and lung cancer.
Arterial spin labeling (ASL) based on spin echo sequences was re-
cently successfully demonstrated on the lung at a field strength of
1.5 T. The strong local gradients induced by the susceptibility dif-
ferences between the alveolar air and the lung tissue lead to a rapid
signal decay in gradient echo sequences. Application of fast True-
FISP sequences at 0.2 T are well suited to morphological lung
parenchyma imaging in short measuring times. The goal of this
work was to evaluate ASL perfusion imaging on the lung at 0.2 T
using recently developed FAIR True-FISP sequences.
Subjects and Methods: In vivo experiments of the lung in eight
healthy volunteers and two patients were performed in an open 0.2
T scanner (Siemens Medical Solutions, Erlangen, Germany). The
FAIR True-FISP sequence was used for acquisition of perfusion
weighted images with the parameters: TR=4.0 ms, TE=2.0 ms,
TI=700-800 ms, αα=90°, matrix=64×64 and FOV=320×320 mm2.
The centric reordered phase encoding scheme was used to be sensi-
tive to the prepared magnetization. The excitation slice thickness
was 30 mm and the inversion slab thickness was 75 mm. A repeti-
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tion period of approximately 6 s was used for breathing. The acqui-
sition of 10-25 pairs of images were performed within 2.5-6 min.
For a quantitative analysis, additional M0-images were acquired
(without inversion pulse), and T1 relaxation time in the lung was
assumed to be 700 ms.
Results: FAIR True-FISP images of the lung of healthy volunteers
showed a good image quality with respect to resolution and signal-
to-noise ratio. The images in Fig. 1 show resulting perfusion maps
of coronal, transversal and sagital slice orientations. From these
quantitative images an averaged perfusion rate of 350-550 ml/(100
g min) could be obtained. In the two measured patients, a good cor-
relation between perfusion imaging and clinical diagnosis was
found.

Fig. 1. Quantitative color encoded FAIR True-FISP perfusion im-
ages of a healthy volunteer for difference slice orientations.
Conclusions: The presented results show FAIR True-FISP se-
quences to be suitable for data recording in quantitative perfusion
imaging of the lung at 0.2 T. The short TR and TE of this steady
state sequence in addition with the low field strength avoid unde-
sired signal dephasing and therefore signal losses in the lung tissue.
Quantitative results of perfusion rate were in good agreement with
physiological data.

530
The effect of repetition time on the relationship between
contrast agent concentration and signal intensity on T1
weighted images using inversion recovery (IR) sequence
M. Nazarpoor; Radiology, Paramedical School, Tabriz
University of Medical Science, Tabriz, IRAN (ISLAMIC
REPUBLIC OF).

Introduction: To calculate perfusion parameters from dynamic
contrast enhanced MRI acquisitions, the concentration must be
measured; however measuring relaxation time(T1), which is de-
pended on the concentration of paramagnetic contrast agent, with
high temporal resolution is difficult. At low concentrations, the re-
lationship between changes in 1/T1 and concentration can be con-
sidered to be linear. To maximise the concentration, and hence
signal to noise in perfusion images, the range of this linearity must
be known. The previous study, the effect of inversion time(TI) on
maximum linearity was investigated[1]. This work studied the ef-
fect of repetition time(TR) on the linearity using IR TurboFLASH
sequence.
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Subjects and Methods: To assess the relationship between signal
intensity(SI) and concentration, a water-filled phantom containing
vials of different concentrations of Gd-DTPA (0 to 19.77mmol/L)
was used. Mean SI was obtained in region of interest using T1-
weighted images. All studies were carried out using a 1.5T clinical
MR scanner with a standard head and neck coil. Mean SI was ob-
tained in ROIs. Coil non-uniformity was corrected on SI. A simple
relationship between concentration, C, and SI for IR sequence is
S=S0[1-2.exp(-TI(K.C+1/T1pre))+exp(-TR(K.C+1/T1pre))].
Where S and S0 are SI of the vials with different and zero concen-
tration, and T1pre is relaxation time of pure water (concentra-
tion=0), K is a constant. This equation was fitted to measured data.
To calculate the portion of the curve that could be considered lin-
ear, the R2=0.95 and 0.99 were calculated from correlation of the
first n points for each TI. Images were acquired (TR) every 2 and 3s
at different effective inversion times (between 544 and 1944ms).
Results: Figure1 and 2 show that the maximum linearity at TR=2
and 3s.
Conclusion: This study shows that not only TI but also TR is an
important parameter when measuring SI. These can have an effect
on the maximum linearity. An increase in TI and TR lead to a de-
crease in the range of linearity.
In spite of TR=2 or 3s and R2=0.95 or 0.99, at a typical effective
TI=800ms, which is normally used for in vivo perfusion, as at this
time the blood has signal is nulled at 1.5T, the maximum linearity is
about twice that previously reported (i.e. 0.8mmol/L) for measur-
ing the perfusion parameters on T1-weighted imaging[2]. The
higher dose will improve the signal to noise ratio (SNR) in perfu-
sion images.
References:
[1] M.Nazarpoor et al.[1003], 2003, ESMRMB, Rotterdam
[2] Moody et al. [2000], Investigative Radiology 35:01-411
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Validation of perfusion quantification by means of
experimental MRI measurements in isolated canine kidneys -
Initial results
F. Risse1, J. M. Boese1, A. Kroll1, J. Ackemann2, L. R. Schad1;
1Medizinische Physik in der Radiologie, Deutsches
Krebsforschungszentrum, Heidelberg, GERMANY, 
2Experimentelle Chirurgie, Chirurgische Universitätsklinik,
Heidelberg, GERMANY.

Introduction: Validation of MR perfusion quantification by means
of bolus tracking is usually validated by simulations or compar-
isons with PET. Moreover experimental animal studies are per-
formed, allowing additional invasive perfusion measurements as a
reference [1]. Problems includes limited comparability or difficult
realisation. The aim of this work is to measure the perfusion in iso-
lated canine kidneys with dynamic susceptibility contrast MRI and
an MR-independent measurement to validate quantification.
Methods: Perfusion was measured in 12 isolated canine kidneys
using an experimental set-up [2]. Four flow rates were used (mean:
184±9/368±23/571±18/767±29ml/min) to examine a large flow
range. Reference measurements were performed by measuring the
inflowing volume per time. These values were normalised to the
weight of the kidney.
Dynamic MR measurements were performed using a 1.5T MR-
scanner and EPI (FOV 240×240mm², Matrix 128×128, a/TE/TR
90°/47ms/1s, 8 slices, slice thickness 6mm) after manual injection
of 10 ml saline solution with 26µmol/kg Gd-DTPA (Magnevist,
Schering, Germany). Extravasation of contrast agent was assumed
to be negligible during the first pass.
Regional �blood� flow (RBF) was quantified by means of singular
value decomposition [3] with an optimised threshold for 4 central
slices. The arterial input function (AIF) was determined in the feed-
ing artery or the inlet respectively. The RBF of the entire slice was
used for comparison with the reference.
Results: Quantification of perfusion was feasible in 9 kidneys for
all flow rates. Some kidneys showed regional perfusion deficits due
to air embolism (figure 1). Results of the reference measurements
are shown in table 1. RBF was calculated too high for lower flow
rates compared to the reference measurements. At higher flow
rates, RBF was in the same range as the MR-independent measure-
ments or below (figure 2).
Discussion: Assuming better estimation of RBF for low flow rates

[3], RBF was clearly overrated compared to the reference values.
This was mainly caused by inaccurate AIF measurements. The
catheter tip of the perfusate supply in the artery causes flow arti-
facts due to the reduced cross section. Thus, the AIF determination
must be improved for quantification validation using an optimised
catheter.
Nevertheless, the use of isolated kidneys for perfusion quantifica-
tion validation allows MR-independent reference measurements as
well as different flow rates, which is not possible in in vivo animal
models.
References:
[1] Risse et al., MAGMA [2002] 15:284-285
[2] Aumann et al., Magn Reson Med [2004] 49:276-287
[3] Østergaard et al., Magn Reson Med [1996] 36:715-725

532
Optimizing crusher gradients when using multiple
presaturation pulses in Arterial Spin Labelling (ASL)
D. A. Holm, K. Sidaros; Danish Research Centre for Magnetic
Resonance, Hvidovre Hospital, Hvidovre, DENMARK.

Introduction: The importance of the placement and number of
presaturation pulses for improving ASL perfusion measurements
has previously been established [1]. Increasing the number ad-
versely causes incomplete static tissue subtraction (offset) effects
in simulations, as well as phantom and in vivo experiments. This
study shows that static tissue suppression can be improved by using
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multiple presaturation pulses, without the adverse effects, by ap-
propriate selection of crusher gradient area.
Methods: PICORE and FAIR measurements were carried out on a
Siemens Trio 3T MR scanner with imaging parameters:
TI=1000ms, FOV=196mm, 64x64 matrix, acq 100-120. The gap
between inversion and imaging slices (tag gap) was 5 or 10mm. A
reference scan with complete static tissue subtraction was acquired
with a gap of 13mm. Presaturation pulses placed before and after
the inversion pulse were used, and optimal as well as suboptimal
crusher sizes were tested.
The Bloch equation was solved numerically for a range of crusher
gradient areas after both the presaturation and inversion pulses.
Based on the results as well as phantom measurements a set of op-
timal as well as suboptimal crusher values were selected for the
FAIR and PICORE experiments.
Results:

Figure 1. Magnetization Difference Images
The images shown are magnetization difference images for a tag
gap of 5 or 10 mm minus the difference from the reference scan di-
vided by M0.
With FAIR, the offset is small for optimal crusher sizes while it is
very large for suboptimal crusher values (figure 1). The large offset
seen in the first slice was also present in the rest of the 10 slices. In
the PICORE experiment a difference between optimal and one of
the suboptimal crusher values is seen if using a tag gap of 5 mm.
Offsets are smaller and equal in the case of a 10 mm gap.
Conclusion: The choice of crusher values in FAIR can severely af-
fect perfusion measurements. We suggest that the offset is caused
by stimulated echoes. In the case of PICORE, the effects are small
at a tag gap of 10 mm, but they can not be ignored for smaller tag
gaps.
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This study has shown that optimization of crushers can be essential
for perfusion measurements if using crusher before and after the in-
version pulse. Other experiments including multiple crushers be-
fore and after the inversion pulse have shown results similar to the
ones in the PICORE experiment.
References:
[1] Sidaros,K.,et al.[2003] Proceedings Eleventh ISMRM,p.2214
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DCE-MRI liver pharmacokinetic parameters quantification
by a dual-input model with non-linear sampling
D. Monleon1, D. Moratal-Perez2, L. Marti-Bonmati3, 
J. Carbonell2, B. Celda1; 1Department of Physical Chemistry,
University of Valencia, Burjassot, SPAIN, 2BET Research Group,
Universitat Politecnica de Valencia, Valencia, SPAIN, 3Department
of Radiology, Dr. Peset University Hospital, University of
Valencia, Valencia, SPAIN.

Purpose: The blood supply to the liver is derived jointly from the
hepatic arteries and the portal venous system. The large number of
pharmacokinetic parameters and the fast variations in contrast con-
centration in the first seconds after a paramagnetic contrast media
injection reduce the efficiency of linear sampling. Non-linear sam-
pling seems to be required to optimise the measured points in dy-
namic contrast enhanced (DCE) MR imaging.
Subjects and Methods:
Subjects:
A complete protocol of DCE-MR with parametric pharmacokinetic
analysis was applied to 20 subjects. A contrast agent (0.5 mM) was
randomly injected at either 4 ml/s or 5 ml/s and an amount of 0.2 or
0.3 ml/Kg.
Pulse sequence program:
The MR series (24 slices covering the whole-liver, 13 dynamic ac-
quisitions) were acquired in 210 seconds, each dynamic lasting 4
sec. The dynamics were non linearly distributed along the theoreti-
cal liver perfusion curve. The pulse sequence used included two
blocks of 4 consecutive acquisitions during a breath hold, between
20 and 60 seconds after injection. The remaining 5 acquisitions
were distributed along the whole duration of the experiment from
the moment previous to bolus injection (precontraste series) to the
final point at steady-state.
Co-registration of images:
4D (XYZ + time) co-registration of MRI images was achieved by
iterative application of built-in routines of the SPM2 (United
Kingdom) package.
Pharmacokinetic model:
A one-compartment two-input model was used to describe the liver
perfusion (Fig 1). Parameters for optimisation include kpi, kai, and
klo. Curves-representation, area-integrations, Levemburg-
Marcquard least-squares and parametric imaging were obtained
using MATLAB 6.5.1. (The Mathworks, Natick, MA, USA).

Figure 1. Dual-input one-compartment model for liver perfusion.
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Results: Parametric images from 20 subjects were obtained by
curve fitting, area integration and parameter optimization of non-
linear sampling DCE-MRI data. Non-linear time sampling of liver
perfusion provided more precise contrast concentration curves than
regular linear sampling. Errors in 4D co-registration greatly con-
tributed to the uncertainty in the final results.
Discussion/Conclusion: The non-linear sampling used in this
work allowed more precise definition of the contrast agent concen-
tration curves and better parametric determination in liver perfu-
sion studies. Good 4D (XYZ + time) co-registration is required to
apply pharmacokinetic models to DCE-MRI data.

534
Impact of SSFP - banding artefacts on quantitative perfusion
imaging
H. Köstler, C. Ritter, D. Baunach, D. Hahn, J. Sandstede;
Institut für Röntgendiagnostik, Universität Würzburg, Würzburg,
GERMANY.

Purpose: Perfusion imaging using a saturation recovery steady
state free precession (SR-SSFP) sequence suffers from dark band-
ing artefacts during the peak contrast agent concentration. Aim of
the study was to investigate the dependence of the artefact on the
location and whether the artefact may be misinterpreted as a perfu-
sion deficit in quantitative perfusion imaging.
Methods: 21 first-pass perfusion examinations (3 slices each, SR-
SSFP sequence, 5 x 3 ml Gd-DTPA, 5 x 9 ml Gd-DTPA, 5 x 12 ml
Gd-DTPA, 6 x 1 ml / 8 ml Gd-DTPA pre bolus-technique [1]) were
performed in healthy volunteers at rest. 8 sectors per slice were
evaluated. Quantitative evaluation used contamination correction
[2] and deconvolution with the arterial input function. Artefact lev-
els (al) were classified visually as not present: 0, visible: 1 and sub-
stantial: 2.
Results: The artefact was located at the interface of blood in the
ventricle and the myocardium. Number and extent of the artefacts
increased with higher contrast agent dose (table 1). The artefacts
were less pronounced in the mid-ventricular slice (table 2) and
strongest in the septum (table 3, septum: SE, posterior wall: PW,
lateral wall: LW, frontal wall: FW). The measured perfusion in-
creased with higher artefact level (artefact level 0: 0.65 ml/min/g,
artefact level 1: 0.72 ml/min/g, artefact level 2: 0.77 ml/min/g).
Discussion: Dark banding artefacts are quite common in SR-SSFP
perfusion imaging, especially in the septum of basal and apical
slices. This leads to difficulties in the determination of the onset of
the signal increase and to a steeper slope. However, this results in
increased perfusion values and thus the SSFP - banding artefact can
not be misinterpreted as a perfusion deficit in quantitative perfu-
sion imaging.
Literature:
[1] Köstler H, Ritter C, Lipp M, Beer M, Hahn D, Sandstede J
[2003] Abstract: MAGMA 11 supplement 1: Pre bolus technique
for MR quantification of myocardial perfusion.
[2] Köstler H, Ritter C, Reiss-Zimmermann M, Beer M, Hahn D,
Sandstede J [2004] Magn. Reson. Med. 51: 848 - 852: Correction
for Partial Volume Errors in MR Heart Perfusion Imaging.
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Detection of blood flow reserve in peripheral arterial disease
with Muscle-BOLD
D. von Elverfeldt1, E. Buschmann2, S. Schirmer2, M. Buechert1,
J. Hennig1; 1Radiology, Medical Physics, University Hospital
Freiburg, Freiburg, GERMANY, 2Cardiology and Angiology,
University Hospital Freiburg, Freiburg, GERMANY.

Introduction: Recently it has been shown that the well known
BOLD-contrast is present in muscle tissue also and can be ob-
served e.g. directly after exercise [1]. In addition, patients with pe-
ripheral vascular occlusive diseases show a delayed BOLD signal
[2]. In this study the blood flow recovery of patients suffering from
peripheral vascular obstructive disease (PAD) was monitored via
muscle-BOLD during arteriogenesis treatment.
Materials and Methods: Five patients with symptomatic PAD
Rutherford I Category 3-3 were included in the study. The patients
received Granulocyte-Macrophage-Colony-Stimulating-Factor
(GM-CSF) subcutaneously in 2day intervals over 14days. The MR-
measurements where performed on days 0, 14 and 90.
The patients exercised in the scanner by repeatedly pressing a foot
pedal with nearly isometric muscle contraction until the onset of is-
chemic pain occurred, while the control group exercised as long as
possible. The subsequent time resolved BOLD-measurement em-
ployed a fat suppressed EPI sequence with TE=60ms, TR=818ms
and 185 scans.
Three proximal lower limp muscles where manually segmented for
data analysis. The time courses where evaluated as the mean signal
intensity of the muscle volumes and fitted with a Boltzman step
function modified with an exponential decay. The position and
slope of the inflection point calculated from the fit function was
taken as a surrogate parameter of the BOLD response (see Fig.2).
Results: The patient group showed a significantly delayed inflec-
tion point and, therefore, a delayed BOLD response for the gas-
tro[[Unsupported Character - Codename &shy;]]cnemici muscles
(Fig.3). The slope of the BOLD response from the musculus soleus
in the patient group showed an increase during the treatment com-
paring day zero and day 90 as seen in Fig.4. The change in slope of
the BOLD-response for the two gastrocnemius muscles is not sta-
tistically significant, yet both muscles show an increase similar to
the soleus muscle.
Discussion: The potential diagnostic value of this method was
demonstrated by the significant differences in the muscle-BOLD
response between patients and normal volunteers. However, the
variations of the derived parameters, e.g. the involuntary use of dif-
ferent muscle groups, still constrict a reliable diagnosis. The meas-
urement of a flow response to reactive hyperemia instead of
physical exercise might improve the accuracy significantly. This
hypothesis will be subject to further investigations. However, mus-
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cle-BOLD has shown its high potential in the diagnosis of blood
flow reserve in patients with peripheral arterial obstructive disease.
References:
[1] Hennig, Proc. ISMRM, 2000, #122
[2] Büchert, Proc. ISMRM,, 2002, #291
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Quantification and validation of MR perfusion measurements
using a flow phantom system
J. Rogowska, P. Bogorodzki, M. Rohan, P. F. Renshaw, 
D. A. Yurgelun-Todd; Brain Imaging Center, McLean Hospital,
Belmont, MA, UNITED STATES.

Introduction: Dynamic perfusion MR imaging can be used to as-
sess cerebral blood flow, blood volume and transit time. In order to
test and validate MR perfusion measurements, we have developed
a flow phantom system that mimics the relevant characteristics of
cerebral blood flow. The goal of this study was to calculate and val-
idate perfusion measurements using a flow phantom on the 3T MR
scanner.
Methods: A flow phantom system was designed, built and tested.
The flow phantom system (Fig. 1) consisted of the phantom, vari-
able speed peristaltic pump, power injector, 7 mm diameter PVC
tubing and reservoir of water doped with manganese-chloride
(MnCl2). The phantom was built using a plastic tube, which was
spindle-shaped inside using paraffin and filled with small plastic
beads to mimic the capillary bed. The imaging data were acquired
on SIEMENS Trio 3T scanner. Next, a contrast agent was injected
(2 ml/s) and 50 images were acquired from 6 cross-sectional vol-
umes (slices) of the phantom. By varying the pump's speed be-
tween 70-140 rpm, the MR images with variable flow were
collected. The blood flow was calculated from MR images using
three techniques (deconvolution and two variations of slope
method) and compared with the actual flow. A theoretical model
was designed in SIMULINK toolbox (MATLAB), and the concen-
tration-time curves were simulated for different imaging parame-
ters using a known impulse response and arterial input.
Results: We found that three techniques for blood flow calculation
give similar results for the MR data. In addition, we performed
simulation studies. Since the slices acquired during scanning proto-
col were oriented perpendicularly to the flow through the phantom,
the whole phantom was modeled as a series of compartments
where the outflow of one compartment is the inflow to the next
compartment. The concentration-time curves were simulated for
different imaging parameters using a known impulse response and
arterial input (Fig. 2). The simulation results were analyzed and
compared with the MR phantom measurements.
Conclusion: We have developed a flow phantom system as a tool
for quantitative measurements of MR perfusion. The system was
used to study contrast agent mechanisms and to test post-process-
ing algorithms to quantify flow rates and volume. In addition, we
designed a theoretical model of the phantom and compared the MR
phantom flow measurements with the simulation results.

Fig. 1. Segmentation of muscle-Volumes:
a) gastrocnemius medialis
b) gastrocnemius lateralis
c) soleus muscle

Fig. 2. BOLD response time course with fitted curve and inflection
point.

Fig. 3. Mean time of inflection point for each muscle in Control
and Patients.

Fig. 4. Mean slope of BOLD-response in patients at inflection
point during treatment.
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LUPE: an extensible modular framework for evaluation of
DSC-acquired perfusion images
O. Thilmann; Dept. of Medical Radiation Physics, Lund
University, Lund, SWEDEN.

Introduction: The measurement of brain perfusion by dynamic-
susceptibility-contrast MRI has become a well-established method
for evaluation of e.g. stroke, brain tumors and dementia. The post-
processing required for calculation of the parametric blood volume
and blood flow maps needs to be performed off-line as scanner
software provides, at most, the very basic methods. The goal was to
develop a user-friendly, modular and easily extensible software to
perform these calculations.
Program Features: The software is implemented in the IDL lan-
guage (Research Systems Inc.) and consists of a data-handling
framework into which modules for image calculation and analysis
plug in. Input format is DICOM3.0, output format are commonly
used image formats (BMP, PNG, TIF) and DICOM3.0, which
makes the program suitable for clinical use, as the calculated im-
ages can be transferred to the hospital PACS system.
Currently implemented modules are: program-supported AIF defi-
nition, standard SVD, block-circulant SVD [1], reformulated SVD
[2], correction for blood-brain-barrier leakage[3], linear and loga-
rithmic color-coding of images, image browser for input and result
images and a module for result image comparison allowing for
arithmetic operations on two images via a simple expression parser.

Inter-module communication is accomplished via the framework.
Special attention has been paid to thorough documentation and
user-friendliness. The program is internationalized; English,
German and Swedish language files are available at this point.
For clinical use, experimental or analysis modules can be easily
hidden from the operator as the menu structure is stored in an
XML-file. Furthermore, the program can enforce the simultaneous
processing of not more than one patient.
Summary and Licensing: The availability of a multitude of evalu-
ation techniques within one framework and a UI-based parameter
input allows for direct comparison of the deployed algorithms or
the studying of parameter change effects. A former version of the
software is currently used in 3 hospitals in Sweden and has been
distributed to two more. All source code as well as a precompiled
binary for execution under the freely available IDL6.0 runtime en-
vironment are published under the GNU general public license and
will be available at http://www.jubileum.lu.se/MR_physics/soft-
ware.htm
References:
[1] Wu et al. MRM 50(2003),164-74
[2] Smith et al. MRM 51(2004),631-634
[3] Haselhorst et al. JMRI 11(2000),495-505

Fig.1: The image viewer including basic ROI analysis. An arbitrary
number of result image sets, which are identified via a user-defin-
able name, can be held in memory.

Fig.2: AIF-selection. The program may suggest AIF voxels which
the user may further edit.
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