
EDITORIAL

Quantification of I-123-meta-iodobenzylguanidine
Heart-to-Mediastinum Ratios: Not So Simple After
All

Piotr J. Slomka, PhD,a,b Puja K. Mehta, MD,c Guido Germano, PhD,a,b and

Daniel S. Berman, MDa,b

a Departments of Imaging and Medicine, and Cedars-Sinai Heart Institute, Cedars-Sinai Medical

Center, Los Angeles, CA
b David Geffen School of Medicine, University of California Los Angeles, Los Angeles, CA
c Barbra Streisand Women’s Heart Center, Cedars-Sinai Heart Institute, Los Angeles, CA

Received Jun 5, 2014; accepted Jun 5, 2014

doi:10.1007/s12350-014-9943-z

WHY IS IT IMPORTANT?

Heart failure (HF) affects over 5 million people in

the United States, and while survival has improved,

mortality remains high, with approximately 50% sur-

vival within 5 years of diagnosis.1 The American Heart

Association estimates that prevalence of HF will

increase 25% by 2030.1 Patients with HF and reduced

ejection fraction are at risk of ventricular arrhythmias

and sudden cardiac death (SCD), and current guidelines

on treatment of systolic heart failure recommend

implantable cardioverter defibrillator (ICD) for primary

prevention of SCD in a select group of patients.2,3 The

decision-making regarding placement of ICD is complex

because the therapy is invasive and associated with

risks, is expensive, and is not suitable for every patient.

A large proportion of patients (&80%) with HF and

reduced EF never require an ICD shock,4 and in &15%

of patients, inappropriate ICD therapy occurs.5 Thus,

tools to help further risk stratify which HF patient is at

high risk of SCD and is likely to benefit from an ICD

placement would be invaluable. It has been shown that

cardiac innervation is an important factor related to

lethal arrhythmias.6 Myocardial scintigraphy performed

with Iodine-123-meta-iodobenzylguanidine (MIBG) is

an imaging technique developed over 3 decades ago,

capable of assessing the sympathetic denervation of the

heart.7 MIBG is a well-established analog of norepi-

nephrine, and abnormal MIBG uptake indicates

abnormal cardiac sympathetic activity. Several large

studies have evaluated the relationship between MIBG

and EF with respect to adverse cardiac outcomes.8,9

These studies have shown that MIBG provides incre-

mental prognostic information over EF in predicting

cardiac death. Further, results of MIBG imaging have

been shown to correlate with the occurrence of appro-

priate ICD shocks—patients with appropriate device

discharges had significantly lower MIBG uptake as

measured by traditional planar techniques.10,11

MIBG IMAGING

Iodine-123 has a half-life of 13.2 hours and predom-

inant energy emission of 159 keV (97%), which is an

optimal imaging energy in nuclear medicine. However,

iodine-123 also emits high-energy photons of more than

400 keV (approximately 2.9%), with main contributing

photons at 529 keV. These high energy photons pass

through the collimator septa resulting in multiple Compton

scatter photons, which in-turn significantly increase the

background noise around the main 159 keV energy peak,

blurring the image and resulting in the relative underesti-

mation of the counts in the myocardium as compared to the

outside regions. In particular, if uptake in the nearby organs

such as liver is high—the effect of scatter can be very

significant despite relatively small percentage of the high

energy photons, with mediastinal counts increasing over

80%.12 This effect of scatter is particularly pronounced
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when myocardial uptake is decreased—thus biasing the

data in case of borderline or abnormal results. Theoreti-

cally, the scatter effects could be reduced by various

mathematical methods. Scatter correction has been pro-

posed to minimize effects of iodine-123 high-energy

downscatter.13,14 Nevertheless, current scatter correction

methods are approximate (especially when based on planar

imaging) and non-standardized. A large variability has

been observed between different implementations of

scatter correction methods.15

CHOICE OF COLLIMATORS

Collimator choice for the nuclear camera substan-

tially influences the image characteristics of MIBG. An

appropriate collimator needs to be selected in consid-

eration of septal penetration and spatial resolution.12 In

nuclear medicine practice, the most commonly used

collimator is the low energy general purpose (LEGP)

or low energy high resolution (LEHR) collimator. It

has been recognized that these collimators are not

optimal for MIBG imaging due to thin septa (0.16-

0.3 mm) as compared with medium energy (ME)

collimators with approximately 1 mm thick septa.

The increased septal thickness of ME collimators

increases the image resolution and decreases scatter

in the images, but also degrades the count sensitivity

and spatial resolution. The image contrast of the

myocardium to background has been shown to be

superior for the ME collimators.12 Thus, recent guide-

lines on MIBG imaging from the European Council of

Nuclear Cardiology recommend the use of ME colli-

mators for MIBG imaging.16

Unfortunately, this recommendation is not usually

followed in clinical practice due to several reasons.

The changing of collimators adds a significant addi-

tional effort. This may be especially cumbersome when

MIBG imaging is performed in time slots between

regular SPECT imaging with Tc-99m. In addition,

clinicians may feel that low energy collimators are

adequate based on their subjective visual analysis.

Moreover, nuclear cardiology laboratories are not

always equipped with ME collimators. To mitigate

the scatter effects when imaging with low energy

collimators, scatter correction methods have been

proposed17 but these techniques have not been yet

adopted in clinical care. Thus, in clinical practice today

most laboratories, especially in Europe and US use

LEHR collimators without any scatter correction for

MIBG imaging. In a multi-center study by Verberne

et al only one center used ME collimators.18 In another

large multi-center study recently reported by Jacobson

et al only LEHR collimators were used in 96

centers.8,19 The situation is quite different in Japan

where laboratories have longer experience with MIBG

imaging, and the low-medium energy collimators,

which reduce scatter from iodine-123 high energy

fractions, are more widely and increasingly used.

QUANTIFICATION OF MIBG UPTAKE

Planar and SPECT techniques cannot measure

absolute myocardial tracer uptake and thus only relative

MIBG uptake is quantified. Although SPECT has been

utilized from early days, the analysis of planar images is

currently the primary standard. To determine relative

myocardial MIBG uptake, the average activity is mea-

sured in the heart and the mediastinum, and a simple

heart to mediastinum (H/M) ratio is calculated. H/M

ratio is typically defined as the ratio of the counts in the

heart region to the 7 9 7 pixel in the mediastinal region

(or some other variation such as a small circular region),

which is visually drawn in the mid-line upper chest

position to reflect the background activity. This measure

has been reported to have good observer reproducibil-

ity20,21 and has been shown not to be affected by the

differences in manually placed region of interest

definitions.22

However, H/M ratio methodology has not yet been

standardized between various institutions and coun-

tries.23 SPECT quantification schemes have been

proposed allowing measurement of regional uptake,24,25

but are not yet widely used. Nevertheless, even if the H/

M ratios are reproducible, they are significantly affected

by scatter from nearby organs, and acquisition param-

eters (such as collimator used) have been shown to be

significant independent contributors to the variation of

semi-quantitative MIBG uptake.18 This issue was rec-

ognized as significant18 and several efforts to

standardize imaging protocols have been undertaken.

In this issue of Journal of Nuclear Cardiology�,

Nakajima et al26 describe the results of the large

Japanese multi-center (84 institutions) initiative, report-

ing cross-institution phantom calibrations for the

measurements of the planar H/M ratio by standard

nuclear cameras from a variety of vendors and collima-

tors. The phantom design, optimized to easily produce

predefined H/M ratios, was previously reported by the

authors.14 The authors also previously reported the

initial standardization efforts in ten centers, suggesting

that the phantom calibration could be used to calibrate

the results between the ME and low energy collima-

tors.27 This current work presents the data from much

larger group of centers and vendors and extends the idea

of the H/M conversion factors to homogenize the results

obtained on different types of equipment. All 84 sites

performed phantom acquisitions on their cameras and
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the authors compiled a database of site-specific planar

H/M ratios obtained for known predefined activity

concentrations in the phantom.

The results are striking. As expected, there is a

significant variability in the reported H/M ratios between

low energy and ME collimators, but there is also wide

variation of H/M ratios within just one collimator type.

This data is illustrated in Figure 2 in their publication.26

For example for the H/M reference value of 1.6—a value

used as a possible threshold in risk stratification8—the

measured H/M ratios ranged between 1.54 and 2.06

(95% lower-upper range), depending on the site when

both low energy and ME collimators are included. Even

if one sub-category of the LEHR collimator is consid-

ered (authors had such data from 73 scanners) the range

of correction values (0.48-0.68; median 0.55) for dif-

ferent sites would translate into the range of H/M ratio of

1.50-1.75, as illustrated in Figure 1. The data obtained

with LHER collimators from different vendors was used

in the recent multi-center trial of MIBG.8 To put it in the

clinical context, about 26% of the patients from a multi-

center prognostic study of 1,322 patients with chronic

heart failure9 were within this range.28 This wide

variation is troubling since no corrections to account

for these variations are being applied today.

Nevertheless, these results are not surprising. Col-

limators with the same designation from different

vendors can have quite different characteristics. For

example, collimators designated as LEHR by GE and

Siemens have the following differences in parameters,

respectively: hole diameter 1.5 vs 1.11 mm, hole length

35 vs 24 mm, septal thickness 0.2 vs 0.16 mm, count

sensitivity 0.012% vs 0.015%.12 It is also possible for

vendors to modify the specifications of the collimators

without reclassifying them to a different category. In

addition, camera uniformity and other technical camera

characteristics may affect H/M ratio. It should be noted

that the phantom study represents the best possible case,

and in human subjects such inter-site variations could be

expected to be larger due to added physiological

variability of uptake of the organs in the field-of-view,

dynamic changes in the H/M ratio with time and

additional scatter from organs not in the field of view

(not modeled by the phantom). There are also potential

issues related to different types of software used for

analysis and variability in defining the regions of interest

for mediastinum or heart, especially in the abnormal

studies.

RELATION TO PREVIOUS STUDIES

Previously, a single H/M ratio threshold of 1.6 was

established as the optimal cut-off indicating abnormal

sympathetic activity and for prognostication, based on

the 95th percentile normal limits obtained in normal

controls.19 Higher threshold 1.68 was suggested by

Nakata et al in a multi-center study23 using LEHR

collimators. In view of the findings by Nakajima et al,26

Figure 1. Simulated distribution of the heart to mediastinum (H/M) ratio for the reference value of
1.6 in 73 systems with LEHR collimators, based on the phantom measurements. Five camera
vendors are included.
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the use of such binary thresholds should be considered

with caution. Even if there is moderate variability, it

may cause misclassification of a large percentage of

cases which are close to the binary threshold, resulting

in a substantial gray-zone related to the test variability.29

Similar issues with the use of the dichotomous thresh-

olds derived from the imprecise test arise in other

medical applications. For example, the use of a single

binary threshold of fractional flow reserve in decision of

treatment for coronary artery disease has also been

questioned.30

WHERE DO WE GO FROM HERE?

The study by Nakajima et al26 addresses the

variability of simple planar imaging. It is perhaps

possible that better results could be obtained with

quantitative SPECT imaging. New advances in SPECT

software and hardware allow reconstruction of the three-

dimensional data with accurate attenuation and scatter

correction, and depth-dependent resolution recovery

modeling the characteristics of a particular collimator.31

This would potentially bring us closer to the goal of true

quantitative SPECT imaging, resulting in increased

accuracy of the relative uptake measures, or even in

the ability to report absolute (Becquerel/ml) tracer

concentration in the heart—a physicist’s dream. Never-

theless, we are not there yet. Although SPECT MIBG

analysis methods have been proposed,24,25 the SPECT

inter-site reproducibility has not been yet shown to be

superior to that of a simple planar method. Studies

similar to that reported by Nakajima et al should be

performed for SPECT analysis. This will be perhaps

more complicated, since there are novel SPECT-only

cameras now used in nuclear cardiology, with radically

different collimator designs, and these devices can be

used for MIBG imaging.32 These new scanners, based

on solid state Cadmium-Zinc-Telluride detectors offer

additional potential to improve the quantitative MIBG

accuracy due to much higher photon energy resolution—

and thus significantly better ability to discriminate

scattered photons.

However, before we can develop and validate

such highly accurate methods with the use of SPECT

and the new generation of scanners, there are several

immediate recommendations, which could be pro-

posed, based on the available data for planar MIBG

imaging and the study by Nakajima et al. Phantom

calibration for each center performing MIBG imaging

will be very beneficial and is less complicated than

the development of site-specific normal limits. Perhaps

if phantom measurements for the identical system

configuration have been already recorded, they could

be retrieved from the database rather than re-

measured—but this should be confirmed first by

multi-site tests. The logistics of such phantom cali-

bration should be discussed by the international MIBG

community, considering the extensive and valuable

work performed in this regard by our Japanese

colleagues. Even if such phantom calibration does

not account for all the variability, it will significantly

improve the device-independence and thus allow inter-

comparison of the multi-site results, or even serial test

results at the same institution. The MIBG phantom

calibration could even be performed retrospectively

and appropriate corrections could be applied to the

already acquired multi-center data. Perhaps re-analysis

of the calibrated data could result in improved results

from several trials conducted so far. As for the use of

the single threshold for the H/M ratio, it should be

recognized that there is a specific range of the H/M

ratios, where no definite prognosis or treatment

decision could be made on the basis of the MIBG

scan alone, due to the inherent variability of the test.

Thus, only more definitive H/M ratio measurements

that are outside of the gray-zone range would be used

to guide therapy. This decision-making could be

modeled by a continuous probabilistic analysis with

outcome scores assigned to the given MIBG result,

rather than guided by a single threshold.

In summary, the measurement of H/M planar ratio

from MIBG is deceivingly simple, but it may not be that

simple after all.
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