
I N V I T E D P E R S P E C T I V E

Is Assessment of Absolute Myocardial Perfusion with SPECT
Ready for Prime Time?

Quantification of absolute myocardial flow and flow reserve
using dynamic PET imaging has now been more widely applied
clinically to detect microvascular disease, improve diagnostic ac-
curacy for detection of coronary artery disease, and improve prog-
nostic implications of stress perfusion imaging in patients with
heart disease (1). PET imaging offers some distinct advantages
over SPECT imaging for the assessment of absolute myocardial
flow, including higher count sensitivity and higher spatial resolu-
tion than SPECT; well-established approaches for attenuation cor-
rection for all PET imaging systems; and approved radiotracers
with favorable kinetics for the assessment of absolute myocardial
perfusion. The clinical quantification of myocardial flow with PET
has been facilitated by the availability of several Food and Drug
Administration–approved quantitative software programs that are
commercially available. These programs have been shown to be
highly reproducible and comparable for estimation of myocardial
flow reserve in patients, although some differences exist among
these programs for estimation of absolute myocardial flow (2).
Although the availability of hybrid PET/CT scanners is growing,
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there remains limited access to existing PET systems for cardiac
imaging along with reimbursement hurdles.
Currently, most nuclear cardiac imaging is performed on SPECT

imaging systems, which outnumber the PET systems by at least 10
to 1, so the potential to perform dynamic SPECT cardiac imaging
for determination of absolute myocardial flow holds tremendous
clinical benefit. Many studies have proposed the use of serial SPECT
imaging for the determination of myocardial flow reserve, using
conventional cameras with NaI detectors and approved clinical
SPECT perfusion agents (3,4) and more recently with high-sensitivity
dedicated cardiac SPECT systems with solid-state cadmium-
zinc-telluride (CZT) detectors capable of list-mode data acquisi-
tions (5). In the current issue of the Journal of Nuclear Medicine,
Wells et al. (6) use a unique stationary solid-state CZT camera
with the capacity for dynamic SPECT imaging for the determination
of absolute flow using both 201Tl and 99mTc-labeled radiotracers
in pigs both at rest and during stress with transient coronary

occlusion. This pilot preclinical study demonstrates the feasibil-
ity of dynamic SPECT imaging for quantification of absolute
myocardial flow.
Earlier studies using conventional SPECT cameras assumed

that the radiotracers are retained in the myocardium and therefore
estimated myocardial flow by computing the ratio of the counts in
the tissue over the integral of the arterial concentration of the
tracer up to the time of SPECT imaging (4,7). Some investigators
applied planar imaging to define the arterial input function and
delayed SPECT imaging to define the myocardial uptake, whereas
others used multidetector SPECT cameras to obtain short (ranging
from 10 s to 2 min) serial SPECT acquisitions with continuous
back and forth camera rotations over a 180� arch. The dynamic
cardiac SPECT approaches estimated washin and washout kinetics
from a series of reconstructed SPECT images, applying compart-
mental analysis similar to dynamic PET imaging. The earlier dy-
namic SPECT studies were performed with 201Tl (8), whereas
later studies used 99mTc-labeled perfusion agents having a high
first-pass extraction, for example, 99mTc-teboroxime (9). Iida
et al., who pioneered this work, evaluated many potential serial
SPECT acquisition schemes (8). Unfortunately, when rotating
gamma cameras are used to image an emission source, the activity
will vary significantly during the time it takes for the camera to
complete a rotation, resulting in inconsistent angular projections
(3). These inconsistent projections can lead to biases in the estima-
tion of kinetic parameters. A better method to analyze dynamic
SPECT data acquired this way involves estimation of the kinetic
parameters directly from the dynamic projection data (3,10).
These approaches using rotating cameras when applied to both
rest and stress injections of radiotracer were best used for esti-
mation of myocardial flow reserve as opposed to calculation of
true absolute myocardial flow.
Ben Haim et al. used an upright solid-state CZT SPECT camera

with a configuration and operation of the detectors slightly different
from that used by Wells et al. to perform dynamic SPECT imaging
in 95 patients to derive a retention index for estimation of regional
and global myocardial perfusion reserve (5). To avoid the problem
of truncated projections, this camera sweeps the direction of the
individual CZT detector modules over the subject. However, this
dynamic sweeping motion of the detectors introduces temporal
variation in the projections, also complicating the reconstruction.
These investigators also did not apply attenuation or scatter cor-
rection and therefore could not derive a true estimate of absolute
myocardial flow.
The study by Wells et al. evaluated each of the currently used

SPECT radiotracers (99mTc-tetrofosmin, 99mTc-sestamibi, and
201Tl), although the authors performed a limited number of stud-
ies with each of these agents under a limited number of exper-
imental conditions. The use of a model of transient left anterior
descending artery occlusion in combination with pharmacologic
stress while creating a range of flows within the myocardium
actually complicates their analyses. The blood clearance for
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201Tl and the 99mTc-labeled radiotracers is relatively slow, and
significant redistribution of radiotracer within the ischemic area
after reperfusion might occur, because the short period of coro-
nary occlusion followed by reperfusion would result in reactive
hyperemia even in the presence of dipyridamole stress. This
change in flow during the time of radiotracer extraction could
have influenced their results, because extraction of these radio-
tracers is dependent on flow. Extraction and clearance of these
tracers are also dependent on cellular viability, although the ef-
fect of myocardial viability on estimation of flow was not eval-
uated in the current study. The authors suggest that a 1-tissue
compartmental model may be sufficient in evaluation of these
radiotracers. A 1-tissue-compartment model may not hold true
for 201Tl, because the clearance kinetics of 201Tl are typically
biexponential, with the initial uptake and clearance involving the
exchange between intravascular, interstitial, and cellular com-
partments. The relative importance and value of a 2-tissue com-
partmental model may prove to be more important under more
complex clinical conditions in which normal tissue may be
admixed with ischemic or injured tissue. Therefore, the relative
value of their 1- or 2-tissue compartmental models for future
clinical application cannot be established on the basis of the
limited experimental conditions tested in the current study. De-
spite these limitations, 201Tl does seem to provide a more accu-
rate estimate of absolute myocardial flow over the existing
99mTc-labeled perfusion agents.
To accurately estimate parameters through kinetic modeling of

a 4-dimensional dynamic SPECT dataset, the prerequisite is to
obtain an absolute quantitative reconstruction of each 3-dimensional
SPECT image first. Currently, there are several technical issues that
need to be addressed to further improve the quantitative accuracy of
dedicated cardiac SPECT systems for the determination of absolute
myocardial flow.
The first technical issue is scatter correction. Pixelated CZT

detectors provide energy resolution superior to that of conven-
tional NaI detectors. However, because of incomplete charge
collection and interdetector scatter, a low-energy tail is present on
the energy spectrum of CZT detectors. This low-energy tail,
known as the spillover effect, will complicate energy window–
based scatter correction. It has been shown that applying the con-
ventional triple-energy-window method to images obtained on an
upright cardiac CZT SPECT system (D-SPECT; Spectrum Dy-
namic Medical) resulted in overcorrection (11). Therefore, the
unique spillover effect needs to be characterized first and incor-
porated into scatter correction for CZT SPECT. For the cardiac
CZT SPECT scanner (Discovery NM 530c; GE Healthcare) with
pinhole collimators used in the study by Wells et al., the spillover
correction model needs to be more sophisticated than the previ-
ously published method for the CZT SPECT scanner with parallel-
hole collimators, because the pinhole collimator geometry introduces
additional incident angle–dependent spillover effect. Our group
recently introduced an approach to improve the scatter correction
for CZT SPECT images acquired with pinhole collimators (12),
although further optimization and validation studies of this approach
are needed.
The second technical issue is projection truncation. For the truly

stationary CZT pinhole SPECT system used in the study by Wells
et al., all the pinhole collimators focus on a field of view of ap-
proximately 19 cm, a configuration that facilitates focused dynamic
imaging of the heart. However, the radioactivity in adjacent organs
and background may be truncated, and this truncation could cause

substantial quantitative errors. Previous studies have shown that
using a small reconstruction matrix could lead to overestimation
of quantification, whereas increasing the reconstruction matrix
size can minimize this overestimation (13). Although the previous
study demonstrated that incorporating body contour obtained
from CT as a prior information in SPECT reconstruction can pro-
vide the most accurate quantification, this will require either CT
images obtained from a hybrid SPECT/CT system or registered
CT images acquired on another scanner, as used in the study by
Wells et al. (6).
A third complicating issue is respiratory and cardiac motion,

which can cause image blurring. The motion blurring, similar to
partial-volume effect (PVE) discussed below, can subsequently
lead to overestimation of myocardium tracer uptake in early
dynamic frames and underestimation in later frames. On the other
hand, the input function derived from blood-pool activity could be
underestimated in early frames and overestimated in later frames.
In clinical studies, vasodilators may also introduce variations in
breathing or irregular breathing amplitudes over time, further
complicating the quantification of cardiac images. The CZT
SPECT system used in this study is a fully stationary system
and therefore can provide consistent angular sampling over all
projections, overcoming one of the major limitations of using
conventional step-and-shoot SPECT for dynamic imaging. Recent
studies have demonstrated the feasibility of dual respiratory and
cardiac gating for more conventional static imaging on this
stationary SPECT system (14), although additional investigations
are needed to develop dual-motion-correction methods for dy-
namic imaging applications.
The final technical issue that needs to be addressed in absolute

quantification of myocardial flow with kinetic modeling of dynamic
SPECT images is the PVE. In kinetic modeling, even though
a partial-volume factor can be fitted to partially compensate the PVE,
it would be interesting to investigate whether image-based partial-
volume correction (PVC) as a preprocessing step can further
improve the quantification of dynamic SPECT imaging. In cardiac
SPECT/CT and PET/CT, contrast-enhanced CT is needed to perform
anatomic-based PVC. Typical voxel-based PVC methods amplify
image noise, which is a greater degrading factor for dynamic
imaging than static imaging, because of the low count level in each
dynamic image. Recently developed PVC approaches that can
simultaneously correct for PVE and reduce image noise are
promising and need further investigation in dynamic SPECT and
PET imaging to improve quantitative accuracy (15).
The use of stationary high-sensitivity solid-state CZT SPECT

imaging systems for dynamic SPECT imaging holds tremendous
promise for the estimation of absolute myocardial flow and flow
reserve if all of these technical issues can be addressed. This novel
dynamic SPECT imaging approach could provide a noninvasive
approach for the estimation of absolute myocardial flow and flow
reserve similar to PET imaging, offering an improved diagnostic
accuracy and prognostic value of stress perfusion imaging.
So is the assessment of absolute myocardial perfusion with

dynamic SPECT imaging ready for prime time? Almost, if we
carefully address all of the resolvable technical issues associated
with dynamic SPECT imaging. However, the real application of
quantitative dynamic SPECT will come with the availability of
99mTc-labeled radiotracers with more favorable kinetics that if
used in combination with high-sensitivity solid-state SPECT im-
aging systems could provide a truly quantitative assessment of
myocardial perfusion with low radiation exposure.
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