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Since the advent of gamma cameras to perform

SPECT studies to assess myocardial perfusion,1 it has

been recognized that patient motion during data acqui-

sition can result in artifacts that can compromise the

accuracy of visual and quantitative scan interpreta-

tion.2,3 Originally, all SPECT systems consisted of one

or more Anger detectors that rotated about the patient, so

that abrupt patient motion in the caudal direction (cor-

responding to the ‘‘z’’ direction in the paper by

Salvadori et al.4) produced image data at those projec-

tions that are inconsistent with the image counts

acquired at other projections. Reconstruction algorithms

that are provided with data that are inconsistent from

one projection to another often produce artifactual

regional decreases in apparent myocardial perfusion that

are misinterpreted as genuine perfusion defects.2

In recent years, several SPECT systems have

become available that are composed of stationary

detectors, rather than rotating Anger detectors.5 For such

systems, all detectors are presented with three-dimen-

sional count distributions that project into multiple

detectors in multiple directions simultaneously. So,

gamma rays emanating from the heart of a patient who

moves caudally will impinge on an entire set of detec-

tors all at the same time. In terms of the image data to be

handled by the reconstruction algorithms, this is not

unlike PET data. This situation would constitute data

that at some times are inconsistent with data at other

times, but not data at some projections that are incon-

sistent with data at other projections. Consequently, the

same patient executing the same abrupt caudal transla-

tion would still cause problems for reconstructing data

acquired by a non-rotating system, but just not the same

problems as for a rotating system. For a non-rotating

SPECT system, a patient with normal myocardial uptake

who moved in this way would add anterior wall counts

while subtracting inferior wall counts to the recon-

structed count volume, so that the entire configuration

would be blurred and distorted in the z-direction. Rec-

ognizing the inherent differences that the same patient

motion would produce in rotating and stationary sys-

tems, investigators have developed some approaches to

dealing with potential motion problems in data acquired

with CZT SPECT systems, specifically.6 Overall, one

would expect more severe localized artifacts in the case

of a rotating SPECT system, compared to which a non-

rotating SPECT system would have image data more

frequently degraded by image blurring. Thus, the effect

of overt patient motion for a non-rotating SPECT system

should be similar to the effect of abrupt patient motion

on PET scans. Reduced accuracy of myocardial blood

flow computations obtained by analyzing cardiac PET

data acquired in patients with overt motion problems has

been documented, for which optical flow methods have

been devised to correct motion and restore myocardial

blood flow accuracy.7 These correction techniques sub-

sequently evolved to recognize the fact that PET cardiac

counts do in fact move as the heart contracts, and to

apply those corrections in order to both improve abso-

lute myocardial perfusion quantitation and to quantify

the motion of the heart itself in normal sinus rhythm.8

Thus, techniques invented to correct for motion prob-

lems in PET data evolved to provide the quantified

physiologic parameters of regional wall motion and

ejection fraction. Even in patients with no overt motion,
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accurate quantitation of perfusion and function from

cardiac PET data improves with the application of cor-

rections not only for cardiac contraction but also for

respiratory motion, an approach that has received con-

siderable attention.9 It can be anticipated that corrections

for both types of motion will also benefit the accuracy of

parameters quantified from image data acquired by sta-

tionary SPECT systems.

In the current issue of the Journal, effects of several

types of overt patient motion on reconstructed myocar-

dial counts were simulated for two types of non-rotating

SPECT systems, and compared to effects on data

acquired by two types of rotating SPECT systems.4

Generally speaking, among the various types of poten-

tial imaging artifacts, those due to patient motion are

particularly troubling because of the wide variability of

their effects on scans. Whereas center-of-rotation cali-

bration errors and single detector camera tilt errors

produce highly predictable artifactual perfusion pattern

problems,10 the effects of patient motion are highly

variable, since patients can move in numerous ways that

include twisting, slumping, sliding, spasming, and

coughing motions at different times and at different

projection angles during the course of the acquisition.

Alterations to baseline myocardial perfusion patterns

range from negligible to severe.

While the authors focused their attention on asking

whether the non-rotating SPECT systems that they

evaluated were less vulnerable to overt patient motion

than conventional rotating SPECT systems, a different

aspect of the effect of cardiac motion on quantified

parameters is to ask whether the improved spatial res-

olution of a system can decease the accuracy of

assessment of relative myocardial perfusion, considering

that the myocardium is moving with contraction. By

including two versions of rotating Anger cameras, one

with high resolution collimators and the other with

focusing collimators, the investigators addressed the

effects of improved spatial resolution via the astigmatic

collimators on abrupt patient motion, although not

directly on the effects of normal cardiac motion. For-

tunately, even if it proves to be the case that improved

spatial resolution exacerbates assessment of relative

myocardial perfusion, methods have been established to

correct for normal cardiac motion on perfusion assess-

ment by repositioning cardiac counts to a common end-

diastolic set of 3D coordinates. These techniques have

been referred to as ‘‘motion frozen’’ cardiac

corrections.11

There are several virtues of the simulations reported

by Salvadori et al., including use not only of unusually

high resolution astigmatic collimators, and the recogni-

tion that different reconstruction algorithms and their

image filtering options significantly affect the final

system spatial resolution. Discrete displacements of a

physical cardiac phantom in the 3 orthogonal directions

were performed in a set of carefully controlled experi-

ments. ‘‘z’’ motion artifacts are most easily detected

visually and by automated algorithms.12 Twisting

motions of the patient, a component of ‘‘y’’ translations,

are more challenging to detect, but nonetheless are

important to recognize, because such patient motion

certainly can adversely affect the analysis of relative

myocardial perfusion.13 As potential sources of imaging

artifacts in SPECT data by stationary SPECT systems

have only recently started to be investigated,6 it is a

welcome addition to have this added information

regarding perfusion artifacts indexed to specific dis-

placement amounts in specific directions.

There are some aspects of the investigation that

might have been improved. More realistic phantom

simulations would have been welcome, as those that

were used had no attenuating medium. Radioactive

sources in air have a much better spatial resolution and

considerably less scatter of radiation into lower energy

windows than those in attenuating media, so that the

images used for this study may have been of an unre-

alistically too high a spatial resolution. This could have

been improved through the use of torso phantoms that

include simulated lung and spine inserts, and that use

water in the intervening spaces to simulate tissue

attenuation, but these were not used in this investigation.

While it is understandable that eliminating attenuation

as a variable is a sound approach in the course of con-

ducting this experiment, it is well documented that

attenuation artifacts can adversely seriously affect

myocardial perfusion assessment.14 As such, it is

important to note that almost all laboratories that employ

attenuation corrections of myocardial perfusion SPECT

studies do so by means of an accompanying CT scan as

part of SPECT/CT systems that use rotating conven-

tional Anger detectors. Non-rotating CZT systems that

include CT attenuation correction capabilities are

exceedingly rare. To mitigate attenuation problems for

CZT SPECT systems, many laboratories have adopted

prone imaging, and recognizing the limitations of doing

so, some clinicians incorporate information obtained by

CZT prone imaging along with supine images acquired

by attenuation-corrected conventional rotating SPECT/

CT systems.15 The simulations performed by Salvadori

et al. simulated patients in a supine rather than prone

position. Consequently, the advantages of improved

spatial resolution on motion artifacts that are suggested

in this report must be weighed against the fact that

hardly any systems currently in use also enable attenu-

ation correction, which for many patients will be a far

more troublesome complication. Of course, nuclear

cardiologists whose imaging equipment does not enable
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attenuation corrections have needed to account for

attenuation artifacts for many years, and those without

CT components of SPECT/CT systems continue to do

so, which is one reason that it would have been a wel-

come study design feature if the investigators had

included visual assessments by nuclear cardiologists

about the likelihood that the motion artifacts simulated

in this report would actually have influenced or signifi-

cantly altered their final clinical impressions of the

presence and severity of cardiac disease. To have

quantified analyses exclusively does have its place in

experimental investigations of this sort, but ultimately

quantified parameters are only one part of all of the

information that a nuclear cardiologist integrates into

forming the final impression, and visual analysis is

generally the dominant determining factor.

Also, realistic torso phantoms have the further

advantage of affording a set distance of the simulated

anterior myocardium and of the anterior portion of the

thorax to the camera detectors for rotating SPECT

cameras. There was not adequate information provided

in this report by Salvadori to be sure that the distances of

simulated myocradia to detectors was realistic for the

rotating SPECT systems, and as mentioned above, the

CZT systems had the phantoms positioned as if for

supine imaging rather than the prone positioning that is

actually used for patients imaged with CZT devices.

Spatial resolution worsens as distance from sources to

detectors increase for all collimators, including the

astigmatic and parallel-hole collimators of the rotating

SPECT systems and the pinhole collimators of the CZT

system used for this report.16 Distance to the detectors is

an important variable, because the radioactive sources

may have been too close to the CZT detectors, and too

far from the rotating Anger detectors, to produce real-

istic simulations. Without more information, it is

difficult to know whether or not the spatial resolution

advantages of the CZT systems over the two rotating

SPECT systems may be realistic or may have been

unduly exaggerated.

In summary, it is certainly a worthwhile endeavor to

test imaging systems with known quantities of isotopes

in carefully constructed phantom experiments to facili-

tate comparisons among different devices of numerous

imaging characteristics, including the effects of specific

types of patient motion. The extent to which clinicians

can directly apply the results reported for any particular

set of phantom simulation experiments will depend

strongly on the degree to which those experiments

match the details of an individual laboratory’s acquisi-

tion and processing protocols, including the manner in

which quantitative measures are synthesized with visual

impressions in the formation of the final diagnosis for a

given patient. Nuclear cardiologists wishing to

determine whether they can be guided by the results of

simulations must decide whether those simulations,

acquisition parameters, reconstruction choices and

reporting systems adequately reproduce their own

practices.
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