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Myocardial single-photon emission computed

tomography (SPECT) is generally recognized as a low-

resolution imaging modality, and given that perfusion is

a primary assessment by nuclear cardiology, imperfect

SPECT images might be acceptable in the era of multi-

modal cardiac imaging. While we considered the quality

of such nuclear images with these factors in mind, we

were initially impressed by myocardial perfusion images

created using cadmium-zinc telluride (CZT) cameras

such as D-SPECT1 because the image quality was

visually comparable to that generated by positron

emission computed tomography (PET). Conventional

SPECT images acquired using rotating Anger cameras

have an average resolution of 15 mm under clinical

conditions,2 and thus the quality is inferior to that high-

resolution images acquired using magnetic resonance

imaging and X-ray computed tomography. The quality

of images has become more refined when obtained with

CZT cameras with dedicated collimators and recon-

struction methods, and thin myocardial walls can be

clearly visualized. In addition, new cameras are suit-

able for obese patients, the dose of injected tracers is

lower, images can be rapidly acquired, and dynamic

acquisitions are possible in routine clinical

investigations.3-6

Under most clinical conditions, data obtained with

the CZT cameras with dedicated collimators and pro-

prietary iterative reconstruction, which includes

resolution recovery for the collimator-related loss in

spatial resolution and also can include the cardiac ana-

tomic model (heart prior), which constrains the shape

and thickness of left ventricular walls3 for Spectrum

Dynamics (SD) (Cesarea, Israel) cameras, seems to

work well, providing high-resolution data acquisition

and processing. Since myocardial thickness ranges from

a few to 10 mm on echocardiograms, a method of

reconstructing thin walls using appropriate models is

desirable in nuclear imaging. Even with gated SPECT

imaging, while cardiac and respiratory motion is an

important issue that remains to be resolved, higher res-

olution is preferable in the era of multi-modal cardiac

imaging.

Nevertheless, we have found that the advanced SD

reconstruction of D-SPECT images incorporating reso-

lution recovery and heart-priors assumptions may not

always work optimally in certain clinical cases. Figure 1

shows a 39-year-old female patient with chest symp-

toms, and initial SPECT images were created with SD

reconstruction. Thin walls are obvious with 99mTc-

tetrofosmin, and hypertrophy was absent at first glance.

However, the patient had suspected hypertrophic car-

diomyopathy. Therefore, we reconstructed the images

using ordered-subset expectation-maximization (OSEM)

without resolution recovery or anatomical assumptions

and clearly identified a thick anteroseptal wall. This

patient also underwent simultaneous fatty acid imaging

with 123I-beta-methyl-idiophenylpentadecanoic acid

(BMIPP) and perfusion imaging to identify ischemic

memory. The difference in anteroseptal wall thickness

was obvious, and heterogeneous anteroseptal uptake was

also discernible. To visualize a thickened anteroseptal

wall when using SD reconstruction, we encountered
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peri-myocardial activity that was not evident in ordinary

reconstructed images.

Such clinical findings are indeed supported by a

phantom study by Tsuboi et al.7 which is published in

this issue of the Journal of Nuclear Cardiology. That

study investigated an asymmetric septum and lateral

wall ranging in thickness from 10 to 40 mm using pro-

prietary SD and standard OSEM reconstruction. The

calculated left ventricular volume was higher after SD

reconstruction, and wall thickness significantly differed

between the two types of reconstruction. A clinical

analysis using 201Tl and 99mTc perfusion imaging tracers

and OSEM and SD reconstruction found that the average

wall thickness measured at FWHM was 28 and 22 mm,

respectively, and the calculated left ventricular volumes

were 65 and 71 mL, respectively. Although the differ-

ence in these volumes was relatively small (for example

83/77 mL = 1.08 for SD and OSEM methods,

respectively, when a phantom had a septal thickness of

40 mm) and the correlation of volumes between SD and

OSEM was excellent (r = 0.99), they concluded that

OSEM was more accurate than SD for patients with

hypertrophic cardiomyopathy.7 The most important

finding in that study was that the appearance of wall

thickness differed depending on the reconstruction

methods. While the thick walls of the phantom could be

reconstructed using both SD and OSEM, they looked

quite different, as suggested by a cross-sectional count

profile curves across the septum. Since their study does

not include anatomical standards, the effect of this

reconstruction on the measured wall thickness should be

further evaluated in clinical multimodality studies with

CT or MRI.

The SD reconstruction was specifically designed for

the SD camera geometry with nine arrays of detectors

that permit cardiac region-centric acquisition and for the

Figure 1. Images of patient with hypertrophic cardiomyopathy. 99mTc-tetrofosmin (A) and 123I-
BMIPP (B) images were simultaneously acquired using dual-isotope SPECT. Anteroseptal wall
thickness differs between OSEM and SD reconstruction. Slight amount of unusual activity (arrows)
evident outside anteroseptal walls suggests inappropriate SD reconstruction. Polar maps are similar
for both methods.
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aggressive resolution recovery for the resolution lost by

the high-sensitivity collimator. Iterative reconstruction

permits the restoration of resolution by including a

model of the collimator response characteristics and

geometry within the system model.8 The manufacturer

reports that the spatial resolution averages 4.36 mm at

FWHM when resolution recovery is model-based -as-

suming certain anatomical contraints.9 For standard

static and gated myocardial perfusion imaging using SD

reconstruction, the cardiac filter, iterations, inter-itera-

tive, post- and temporal filters are all adjusted for the

clinical use by the vendor. During such processing, the

weight of the cardiac filter seems to adjust according to

the shape of the myocardial walls. The vendor also

provides an SD-less filter without low-pass filtering for

high-count studies and other reconstruction options for

small hearts. In contrast, the OSEM algorithm provides

standard reconstructed images for clinical studies with-

out such advanced optimizations.

Whereas SPECT images with resolution recovery

and anatomical constraints might work well in most

clinical situations, caution might be advised when

reconstructing images using the D-SPECT algorithm in

the face of atypical myocardial shapes and count dis-

tributions. For example, asymmetric wall thickening is

characteristically evident in the septum of patients with

hypertrophic cardiomyopathy, and some patients might

have apical hypertrophy. When myocardial hypertrophy

is not anticipated before a nuclear study, a false

impression might arise that could lead to misdiagnosis,

when advanced reconstruction options are used. A large

papillary muscle might also be obscured by resolution

recovery, although this has not yet been systematically

confirmed. When a myocardial defect is large, for

example in 123I-BMIPP myocardial fatty acid images of

an acute ischemic episode, the adequacy of wall shape

also requires confirmation.

One challenge, for example, is imaging large

defects often seen in 123I-meta-iodobenzylguanidine

(mIBG) images as shown in Figure 2. Since most of the

inferior wall is defective, heart-priors assumption or

modeling the myocardial wall might create artificial

myocardial contours incorporating diaphragmatic activ-

ity. Both 123I-BMIPP and 123I-mIBG have been utilized

with conventional cameras in hypertrophic cardiomy-

opathy since 1990s in Japan and showed regional

abnormality in hypertrophic regions.10,11 Further studies

of this tracer will continue with new high-resolution

SPECT in future. For example, the accuracy of hot

imaging in acute myocardial infarction such as 99mTc-

pyrophosphate with these new cameras remains to be

determined.

We recognize that resolution recovery as used in SD

reconstruction plays an important role in perfusion

imaging. Qutub et al.12 reported on a different camera

system that the resolution recovery was beneficial in

increasing concordance between PET and SPECT. The

agreement with 82Rb PET for iterative reconstruction

with resolution recovery was significantly better with

than that without resolution recovery, and the clinical

diagnosis was also improved by resolution recovery. But

these advanced options may nevertheless be a cause of

confusion in hypertrophic cardiomyopathy as shown by

Tsuboi et al. Thus, there is a clinical dilemma; advanced

reconstruction with resolution recovery and anatomical

priors is beneficial for the diagnosis of coronary artery

disease, but standard methods may need to be used for

the evaluation of less common patterns such as

hypertrophy.

The effects of resolution recovery on the accuracy

of left ventricular volume and ejection fraction can also

be evaluated in patients with hypertrophy and large

defects. The evaluation of the myocardial volumes

depends not only on the reconstruction methods but also

on the edge detection approaches of different software

algorithms.13-15 Myocardial shape and wall can be

determined using, for example, an ellipsoid, or active-

shape model of the ventricles.16-18 Symmetric wall

thickness can be assumed by some quantitation software

during processing. This sort of left ventricular modeling

contributes to the reproducible detection of the edge

even of bizarre shapes and defects in the myocardium.

On the other hand, contour detection based on a

threshold method might work for asymmetric walls, but

detecting the wall is difficult in segments with large

perfusion defects. When accurate measurement is

required for LV volumes and the myocardial mass, the

software should be carefully applied considering these

factors. Since quantitation software for functional anal-

ysis is now being applied to patients with various

pathologies using CZT camera,19,20 careful quality

control of the methodology and further validation stud-

ies will become more important.

Figure 2. Late phase 123I-mIBG images acquired at three
hours after injection. Activity on diaphragm is visualized as
part of inferior wall after SD reconstruction, whereas inferior
wall is separately visualized after OSEM reconstruction.
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In general, as the quality of images reconstructed

using the resolution recovery and heart-priors assump-

tion is superb due to its high-resolution reconstruction

algorithm and highly tuned approach, many nuclear

physicians and cardiologists prefer such high-resolution

high-quality images for daily clinical practice. However,

not all routine imaging tasks require such exceedingly

high resolution generated by these algorithms and it may

be safer to utilize more standard methods in some

clinical scenarios. In particular, secondary reconstruc-

tion by OSEM is recommended for D-SPECT when

asymmetric hypertrophy and large defects are suspected.
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