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Gated Myocardial Perfusion SPECT:
Basic Principles, Technical Aspects,

and Clinical Applications
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Electrocardiographically gated myocardial perfusion SPECT
(GSPECT) is a state-of-the-art technique for the combined
evaluation of myocardial perfusion and left ventricular func-
tion within a single study. It is currently one of the most
commonly performed cardiology procedures in a nuclear
medicine department. Automation of the image processing
and quantification has made this technique highly reproduc-
ible, practical, and user friendly in the clinical setting. In
patients with coronary artery disease, gating enhances the
diagnostic and prognostic capability of myocardial perfusion
imaging, provides incremental information over the perfu-
sion data, and has shown potentials for myocardial viability
assessment and sequential follow-up after therapy. After
reading this article, the readers will understand (a) the gen-
eral principles of GSPECT and quantitation, (b) the methods
of the image acquisition and analysis, (c) validation of
GSPECT with other cardiac imaging modalities, and (d) ap-
plication of the GSPECT-derived functional parameters in
the clinical practice.
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Evaluation of the left ventricular (LV) function is im-
portant in clinical cardiology. Quantifying the degree and
extent of the LV functional abnormalities permits a system-
atic assessment of the disease process on the myocardial
performance, provides an objective basis for the risk strat-
ification and therapeutic strategy, and allows for the sequen-
tial follow-up of the therapeutic response. Since its intro-
duction in the late 1980s, electrocardiographically (ECG)
gated myocardial perfusion SPECT (GSPECT) has been
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increasingly used for the assessment of the LV function in
the clinical setting. ECG gating of a standard myocardial
perfusion SPECT acquisition allows for the quantitative or
semiquantitative assessment of the LV function simulta-
neously with the evaluation of the LV perfusion (/). LV
functional indices, obtained by GSPECT, aid in the diag-
nosis (2—4), assessment of the risk and prognosis (5-9),
determination of the myocardial viability (/0—12), and eval-
uation of the functional recovery after the revascularization
procedure (13,14) in patients with known or suspected cor-
onary artery disease (CAD). GSPECT often provides incre-
mental information over the perfusion data (3,4,7). This
article focuses on the assessment of the LV function using
GSPECT. General principles, methods of the image acqui-
sition and analysis, and clinical applications of GSPECT are
discussed.

Three y-camera imaging techniques are available to mea-
sure the ventricular function: first-pass radionuclide angiog-
raphy (FPRNA), equilibrium gated radionuclide angiogra-
phy (ERNA), and GSPECT. During FPRNA, a dynamic
bolus of radioactivity is imaged as it quickly transits
through different chambers of the heart and lungs. It is a
preferred technique for the assessment of peak-exercise
ventricular function, measurement of the right ventricular
(RV) function, and quantification of the cardiac shunt (/5).
Both acquisitions of ERNA and GSPECT are synchronized
with the subject’s ECG, which identifies the temporal
phases of the cardiac cycle. But there are fundamental
differences between these 2 procedures. During an ERNA
study, a blood-pool agent such as *"Tc-labeled erythrocytes
is injected. Images are acquired over many hundreds of
heartbeats after the administered radioactivity has equili-
brated in the vascular space. Ventricular cavity counts are
used to generate a time—activity curve, from which func-
tional parameters are derived. During a GSPECT study, a
perfusion tracer is injected. The tracer is taken up by the LV
myocardium. Definition of the LV myocardium and LV
cavity is achieved by delineating the epicardial and endo-
cardial edges on the perfusion image. LV global and re-
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gional contractile function is quantitated based on the
changes in the LV volume, excursion of the endocardium,
and brightening of the myocardium from the end-diastolic
image to the end-systolic image, as identified by the ECG.
Because RV myocardium is not adequately visualized on
the perfusion images, GSPECT is not suitable for accurate
RV function measurement.

ERNA is independent of the geometric assumption and
has been used as a standard technique for ventricular func-
tion measurements for many years (/6). Despite its accuracy
and reproducibility, there has been a decline in this proce-
dure in recent years, mainly because of the widespread
availability of echocardiography in clinical settings. In con-
trast, GSPECT continues to grow (/7). A consistent growth
has been observed over the last decade. Several factors
contributed to its popularity. First, GSPECT is a simple
method to evaluate the LV perfusion and function within a
single study. Functional status of a hypoperfused or nor-
mally perfused area has great clinical relevance. This ad-
vantage has made it a method of choice in patients with
CAD. Second, favorable kinetics of the *™Tc-labeled per-
fusion tracers—in particular, sestamibi and tetrofosmin—
allow ECG gating with flexible acquisition protocols. Third,
current advances in multidetector y-cameras and computers
have shortened the acquisition and processing time signifi-
cantly. Moreover, automation of the image processing and
quantification has made this technique simple, practical, and
user friendly in clinical settings (/8-22). This has signifi-
cantly improved the reproducibility of the measurements
(23-25). Fourth, GSPECT measurements have been exten-
sively validated against many other standard cardiac imag-
ing modalities (26—41).

GENERAL PRINCIPLES
Gating

The fundamental principle of ECG gating is illustrated in
Figure 1. During a SPECT acquisition, a ry-camera records
the photons at multiple projection angles around the subject
along a 180° or 360° arc. At each of the projection angles,
one static image is acquired during an ungated image ac-
quisition, whereas several dynamic images spanning the
length of the cardiac cycle are acquired at equal intervals
during an ECG-gated acquisition. Acquisition starts with
the R wave on the ECG, which corresponds to the end-
diastole. One cardiac cycle, represented by the R—R interval,
is divided into multiple frames of equal duration. Image data
for each of the frames are acquired repeatedly over many
cardiac cycles and stored separately in the computer. During
processing, all data of a particular frame are added together
to construct a specific phase of the cardiac cycle. When all
temporal frames are summed together, this is equivalent to
a standard set of ungated perfusion images.

Framing

In routine practice, acquisition of 8 frames per cardiac
cycle is considered satisfactory. This allows the acquisition
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FIGURE 1. Principle of ECG-gated acquisition. R-R interval on

ECG, representing 1 cardiac cycle, is typically divided into 8 frames
of equal duration (A). Image data from each frame are acquired over
multiple cardiac cycles and stored separately in specific locations
(“bin”) of computer memory (B). When all data in a bin are added
together, image represents a specific phase of cardiac cycle. Typically,
a volume curve is obtained, which represents endocardial volume for
each of 8 frames (C). ED = end-diastole; ES = end-systole.

to be completed within a reasonable time, while sufficient
counts are collected for optimal image quality. When a
greater number of frames is acquired, better temporal reso-
lution is achieved. But with an increased number of frames,
each frame is of shorter duration and the acquisition has to
be prolonged to collect adequate counts. The LV ejection
fraction (LVEF) measured from the 8-frame acquisition has
been reported to be 3 units lower than that of the 16-frame
acquisition, but the relationship is fairly uniform (/8). With
the availability of multidetector cameras and faster comput-
ers, a greater number of frames can be acquired without a
significant increase in the acquisition or processing time.

Heartbeat Variation and Tolerance

Adequate count density in a frame is a prerequisite for a
quality GSPECT study. Too few counts in a frame may
cause a “flashing” artifact, which appears as a streak defect
on the reconstructed images (/). To achieve adequate count
density in each frame, gated data are acquired over many
cardiac cycles. But all cardiac cycles may not be of equal
duration. The variation in the length of the cardiac cycle
may cause mixing of counts from adjacent frames (temporal
blurring) and compromise the quality of the study. Most
commercial systems now offer beat-rejection software to
acquire data with a stable R-R interval. The computer
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determines the length of the cardiac cycle based on the
average of multiple R—R intervals before the acquisition. A
range of acceptable beats (“‘acceptance window”) is speci-
fied. This is known as “tolerance” and is expressed as the
percentage of the mean R—R interval. For example, a toler-
ance of 20% allows acquiring data from cardiac cycles
having a duration within £10% of the mean R-R interval.
The duration of one cardiac cycle in a subject with an
average heart rate of 72 beats per minute is 0.8 s. Therefore,
with a 20% tolerance, all beats having duration of 0.72-
0.88 s will be acquired and cardiac cycles outside this range
will be rejected. When the window is narrow, arrhythmic
beats are avoided but the acquisition may be prolonged
significantly. If the window is too wide, arrhythmic beats
may be included.

Quantitation

The approaches of the quantitation vary according to the
nature of the quantitative algorithm used (/8-22). Only gen-
eral principles are outlined here. Quantification starts with the
detection of the LV endocardial and epicardial boundaries.
Most algorithms first estimate the location of the midmyocar-
dium, which corresponds to the maximal myocardial count.
From the midmyocardial points, endocardial and epicardial
boundaries can be extracted either by using a fixed number of
SDs of gaussian fitting to the myocardial count profile (/8,19)
or using a predefined count threshold based on the phantom
data (20). Once the definitions of the endocardial and epicar-
dial edges are achieved, the area bounded by the endocardial
surface and the mitral valve represents the LV cavity, and the
area bounded by the endocardium, epicardium, and mitral
valve plane represents the LV myocardium. LV volume is
calculated by multiplying the number of pixels within the LV
cavity with the size of a pixel. LV volume can be generated for
each of the frames in the cardiac cycle. The largest volume and
the smallest volume represent the end-diastolic volume (EDV)
and the end-systolic volume (ESV), respectively. LVEF is
derived from the volumes using the formula (EDV — ESV)/
EDV X 100. Once the endocardial edge is detected, regional
endocardial wall motion (RWM) can be quantitated by com-

puting the distance of a given point on the endocardial surface
between end-diastole and end-systole. Measurement of the
systolic wall thickening (SWT) is based on the principle of the
partial-volume effect (42). According to this principle, when
the size of the object is less than twice the resolution of the
vy-camera, a change in the size of an object (such as myocardial
wall) results in a change in its apparent concentration of
counts. Because current y-camera systems have a resolution on
the order of 1 cm, this relationship is valid for the majority of
cases in which the myocardial thickness ranged from 0.5 to 2.0
cm. The count density is therefore linearly related to the
increase in wall thickness (brightness) during myocardial con-
traction (43). However, absolute thickness cannot be mea-
sured. The relative or percentage changes in thickness can be
assessed from the changes in the count density from the end-
diastole frame to the end-systole frame.

ACQUISITION AND ANALYSIS

Radiotracers

2011, 99mTc-sestamibi, and ™ Tc-tetrofosmin are 3 rou-
tinely used myocardial perfusion imaging tracers. Due to the
shorter half-life, a higher dose of *™Tc (half-life, 6 h) can
be administered to a patient than that of 29Tl (half-life,
73 h) without associated increase in the radiation burden. A
higher dose results in better count statistics in the images
and is associated with lower statistical error and better
image quality. Therefore, from a practical standpoint, **™Tc-
sestamibi or *"Tc-tetrofosmin is the preferred agent for a
GSPECT study. With the availability of multidetector
y-cameras, which allow a better counting efficiency than
single-detector cameras, gated acquisition with 2°!'T1 is now
feasible (44).

Protocols

Standard myocardial perfusion SPECT can be gated at
rest or after exercise—stress, as long as the count rate is
adequate. A same-day or separate-day protocol can be used.
When one acquisition is gated, the higher dose study is pre-
ferred for the gating (Fig. 2). One common approach is to gate
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A Stress injection Rest injection
(8-10 mCi) {24 30 mCi)
=] __]
Minutes 30~60 ~20 30~60 ~30
3h
B Rest injection Stress injection
{8-10 mCi) {24 30 mCi)
Jl SPECT gsPeEcT| | FIGURE 2. Same-day GSPECT protocols
with  9mTc-sestamibi or 99™Tc-tetrofosmin.
Minutes  30~60 ~20 1 I 30~60 ~30 Myocardial perfusion imaging can be gated ei-
3h ther at rest or after exercise-stress in stress—
rest (A) or rest-stress (B) sequence.
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the stress study either as a part of a low-dose rest/high-dose
stress *™Tc or a rest 2'T1/stress *™Tc (dual isotope) sequence.
With T tracers, imaging is performed 30—60 min after the
injection to allow clearance of the adjacent extracardiac activ-
ities. Because sestamibi or tetrofosmin shows minimal redis-
tribution, the perfusion pattern reflects the myocardial distri-
bution of the tracer at the time of injection (peak stress),
whereas function represents the LV function at the time of
acquisition. In healthy subjects or patients with previous myo-
cardial infarction, poststress gated images thus represent stress
perfusion and rest function. However, stress-induced LV dys-
function in patients with severe ischemia may be continued for
a prolonged period, resulting in a reduced function during the
poststress acquisition compared with the resting basal function
(23,45—47). Many centers now prefer to gate both the rest and
the stress acquisitions to evaluate this phenomenon. A standard
GSPECT acquisition is generally completed within 20-30
min. Although a GSPECT protocol as short as 7 min has been
described in the literature (48), assessment of the stress ven-
tricular function is routinely not feasible with a routine
GSPECT study. Protocols have also been developed for via-
bility assessment. In these protocols, the tracer is injected at
rest and gated acquisition is performed during infusion of an
inotropic agent (low-dose dobutamine) (49).

Patients, Acquisition, and Reconstruction

Patients with sinus rhythm are ideal candidates for
GSPECT studies. Mild tachycardia or bradycardia is accept-
able to the extent that regularity of the heartbeat is not
affected. GSPECT should not be performed in patients with
severe arrhythmia, such as atrial fibrillation, frequent pre-
mature ectopic beats, and heart block. Image acquisition is
similar to a standard perfusion SPECT acquisition except a
3-lead ECG provides the mechanism for gating. When the R
wave on the ECG is detected, the gating device interfaced to
the acquisition computer sends a signal to start the acquisi-
tion. Standard acquisition parameters are shown in Table 1.
After the acquisition is completed, identical raw image data
are used for the perfusion and function analysis. For perfu-
sion analysis, the frames are summed together, recon-
structed, and displayed in standard vertical long-axis, hori-

TABLE 1
Acquisition Parameters for GSPECT with
99mTc-Perfusion Tracers

Parameter Characteristic
y-Camera Dual or triple detector
Collimator Low energy, high resolution
Orbit 180° (dual detector) or 360°

(triple detector)
Projections 32~64
Acquisition time/projection >25s
Matrix 64 X 64
Framing 8~16/R-R interval
Beat acceptance +20%
Total acquisition time ~20-30 min
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zontal long-axis, and short-axis slices. For functional
analysis, raw data are reconstructed frame by frame. Be-
cause of the relatively poor counts, gated projection data
require more smoothing than ungated or summed data dur-
ing the reconstruction. Before reconstruction, it is important
to check the raw projection data for potential sources of
errors and artifacts. Any error during image acquisition
(instruments, patient motion, soft-tissue attenuation arti-
facts, severe arrhythmia) or reconstruction (inappropriate
filter and cutoff) is likely to be propagated and will com-
promise the accuracy of the measurements.

Measurement and Analysis

LV volumes and LVEF can be obtained easily by apply-
ing one commercially available software to the recon-
structed gated dataset. Software packages developed at Ce-
dars-Sinai Medical Center (QGS) (/8,19), University of
Michigan (4D-MSPECT), and Emory University (Emory
Cardiac Toolbox) (27) are widely available. Direct compar-
ison among these software packages showed excellent cor-
relations in LV volumes and LVEF measurements (50-52).
LV regional function is more commonly evaluated visually
on a cine-loop display. RWM is assessed by evaluating the
endocardial border excursion, and SWT is assessed by eval-
uating the changes in brightness (count intensity) from the
end-diastolic to the end-systolic frame (Fig. 3). Some pro-
grams (e.g., QGS) offer automatic quantitative indices of
RWM (in mm) and SWT (% diastolic thickness), which are
displayed on a segmental, circumferential model of the LV
with each segment representing a particular territory of the
LV (19). In addition, several studies have recently reported
the measurement of the LV diastolic indices (53) and LV
mass (54,55) from GSPECT. However, clinical utilization
of these indices is still in the preliminary stage (56,57).

All functional indices should be interpreted in reference
to the age- and sex-specific normal database. Because the
approaches of quantification vary, definition of the normal
limits and criteria for abnormalities for a specific quantita-
tive program are essential for optimal interpretation. Nor-
mal ranges of the LVEF and regional functional parameters
for different programs have been reported (58-60). It is
important to realize that there are considerable variations
and heterogeneity in RWM and SWT even in healthy sub-
jects (58). Definition of the normal limits for each LV
region is therefore desirable. For visual analysis, the reader
should be familiar with the pattern of the normal LV con-
traction in different segments of the LV. The accuracy of
GSPECT largely depends on the proper delineation of the
endocardial contour. In the presence of a severe perfusion
defect, large aneurysmal dilatation, or significant structural
distortion of the LV, the edge detection is often inaccurate
(61). Accuracy is also limited in patients with a smaller
heart (women and pediatric population). There is an appar-
ent shrinkage in the LV cavity due to the partial-volume
effect and a relatively low resolution of the images. The
ESV is underestimated more than the EDV, resulting in an
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End-diastole
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End-systole

End-diastole

End-systole

FIGURE 3. Assessment of LV regional function by GSPECT.
RWM is assessed by inward excursion of endocardial wall (A) and
SWT is assessed by myocardial brightening (arrow) from end-dias-
tole to end-systole (B). ED = end-diastole; ES = end-systole;
SEPT = septal; ANT = anterior; LAT = lateral.

overestimation of the LVEF (62). Zooming during the ac-
quisition or reconstruction may reduce this error.

VALIDATION

The automatic, operatorless quantitative programs have
almost eliminated subjectivity and demonstrated excellent
inter- and intraobserver reproducibility (37). However, re-
peatability, which is reproducibility of the measurements
obtained from 2 consecutive acquisitions on the same sub-

ject, can be affected by several factors such as image
acquisition, data processing, quantification, as well as phys-
iologic variation of the subject being studied. Some of the
published studies on the repeatability using a popular quan-
titative program are summarized in Table 2 (23-25).

LV volumes and LVEF measurements obtained by
GSPECT have been extensively validated against other
imaging modalities including cardiac MRI (26-29), con-
trast ventriculography (30,31), echocardiography (32,33),
and tomographic and planar ERNA (34,35) (Table 3). An
example of the GSPECT LVEF in comparison with the
contrast left ventriculography is shown in Figure 4. MRI is
currently considered as the gold standard for ventricular
volumes and function measurements (63). Two meta-anal-
ysis studies have recently been published comparing LV
volumes and LVEF measurements between GSPECT and
MRI (36,37). One study included 164 subjects from 9
studies (36). GSPECT tends to overestimate EDV and ESV
compared with MRI at higher volumes and underestimate
LVEF when LVEF is very low. Although the individual
values vary, there are excellent overall correlations between
these 2 modalities: EDV, r = 0.89; ESV, r = 0.92; and
LVEF, r = 0.87. The visual estimates of RWM and SWT
agree well with other modalities, including MRI and echo-
cardiography (38—41) (Table 4). To date, quantitative
RWM and SWT data have been compared only with expert
visual analysis (/9,58). Their accuracy in comparison with
other independent modalities such as MRI is currently un-
known.

CLINICAL APPLICATIONS

A number of studies have demonstrated the clinical use-
fulness of GSPECT (64-66). Because patients with known
or suspected CAD constitute the majority of those referred
for perfusion imaging, most of the studies have been per-
formed on CAD patients. The value of GSPECT in the
differentiation of attenuation artifacts (2), improved detec-
tion of 3-vessel CAD (3), diagnosis of CAD in women (4),
and assessment of ischemic severity (8,67) is well docu-
mented. The role in risk stratification (5,6), prognostication

TABLE 2
Repeatability of Gated SPECT Measurements
Reference No. of
Year Author Parameter patients Measurement Agreement
1997 Johnson et al. (23) LVEF 15 Consecutive days r=0.98, SD = 2.6%
1998 Berman et al. (24) LVEF 180 Prone r=0.93,SD =32%
EDV 180 Supine r=0.97,SD = 2.6 mL
ESV 180 Same-day consecutive scans r = 0.98, SD = 4.8 mL
2001 Paeng et al. (25) RWM 31 Same-day consecutive scans r = 0.95 (quantitative); 79%*, k = 0.81 (visual)
SWT 31 Same-day consecutive scans r = 0.88 (quantitative); 71%*, k = 0.71 (visual)

*Exact segmental agreement.
k = Cohen’s k.
Measurements were performed using QGS software (718,79).
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TABLE 3
Validation of LV Volumes and EF Measurements Obtained by GSPECT

r with GSPECT

Reference No. of Modality of measurements
Year Author Study patients patients comparison EDV ESV LVEF
1999 Vaduganathan et al. (26) Recent Ml 25 MRI 0.81 0.92 0.93
1999 Tadamura et al. (27) CAD 20 MRI 0.92 0.97 0.94
2000 Bavelaar-Croon et al. (28) CAD 21 MRI 0.94 0.95 0.85
2000 Bax et al. (29) CAD with LV dysfunction 25 MRI 0.84 0.87 0.90
1998 Nichols et al. (30) CAD 58 LVG 0.87 0.91 0.86
1999 Yoshioka et al. (37) Mixed 21 LVG 0.73 0.83 0.87
1999 Cwaijg et al. (32) Mixed 109 Echo 0.87 0.86 0.72
2001 Vourvouri et al. (33) CAD with LV dysfunction 32 Echo 0.94 0.96 0.83
2000 Paul et al. (34) Mixed 15 ERNA (tomographic) 0.99 0.99 0.97
2000 Chua et al. (35) CAD with large defect 62 ERNA (planar) 0.88 0.95 0.94

MI = myocardial infarction; LVG = contrast left ventriculography; Echo = echocardiography.

(7,9), viability assessment (/0—12), and follow-up after
revascularization (13,14) is still evolving.

Diagnosis

The diagnostic role of myocardial perfusion SPECT in
patients with CAD is well recognized. Gating provides
additional information that cannot be obtained by perfusion
imaging alone. For example, a normal perfusion study in a
patient undergoing screening generally carries an excellent
prognostic value (68). An abnormally low LVEF in this
patient may alert the physician to look for other comorbidi-
ties, whereas a normal function and perfusion obviate the
need for further invasive cardiac investigations. In patients
with 3-vessel coronary disease, perfusion abnormalities
may not always be evident in all vascular territories because
of the globally reduced perfusion. In a recent study that
included 143 patients with angiographically proven 3-vessel
disease, combined perfusion—function assessment by
GSPECT has been shown to yield significantly more abnor-
mal segments in comparison with perfusion alone (3). Com-

Gated
perfusion
SPECT

LVEF 58%

Contrast LVG
LVEF 59%

End-diastole

End-systole

FIGURE 4. Comparison of LVEF between GSPECT and contrast
left ventrioculography (LVG) in a patient. ISE = base; ANT = ante-
rior; SEPT = septal; INF = inferior.
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bined perfusion—function analysis can also differentiate is-
chemic from nonischemic, dilated cardiomyopathy (69).
Although both the perfusion and the LV function are ab-
normal in patients with ischemic cardiomyopathy, LV dys-
function is present without any significant perfusion abnor-
malities in patients with nonischemic cardiomyopathy.

One well-recognized application of GSPECT is to classify a
fixed perfusion defect as a soft-tissue attenuation artifact or an
infarct (2). The common sites of attenuation are left breast
(anterior wall), subcutaneous fat (lateral wall), and left hemi-
diaphragm (inferior wall). Attenuation artifacts increase the
false-positive interpretation of the perfusion scans in obese
patients and in female patients. Because an artifactual defect
would show normal contraction (wall motion or thickening) on
a gated image, artifacts can be differentiated from a true infarct
(Fig. 5). This has great clinical value in women, because a
stress ECG, like perfusion imaging, also has a high false-
positive rate in this patient population (4). Gating also in-
creases the reader’s confidence in interpretation of the perfu-
sion scan, as evidenced by a decrease in the number of
perfusion scans reported as equivocal or borderline to normal
or abnormal (70).

Assessment of Severity

Exercise-induced angina produces defects in stress per-
fusion images and is associated with LV contractile dys-
function. In most patients, these abnormalities quickly re-
turn to baseline (reversible) after cessation of the exercise.
But more than one third of the ischemic patients show
persistent dysfunction as late as 1 h after the exercise
(45—47). Persistent LV dysfunction on poststress GSPECT
predicts a high-grade coronary stenosis (67) and can be used
as a noninvasive marker of the disease severity (8). The
magnitude of the poststress regional or global dysfunction
correlates with the severity of the ischemia (46,47). Fur-
thermore, it has been shown that a poststress wall motion
abnormality (stress-induced stunning) is more sensitive than
a resting and stress wall motion abnormality and is highly
specific for a severe angiographic stenosis (67).
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TABLE 4
Validation of LV Regional Function Obtained by GSPECT

Exact agreement,

Reference No. of No. of GSPECT Modality of e value

Year Author Patients patients segments evaluation comparison RWM SWT

1997  Gunning et al. (38) Mixed 28 252 Visual, SQ MRI 78%,0.66 78%, 0.62
1999 Tadamura et al. (27) CAD 20 180 Visual, SQ MRI 84%, 0.73 87%, 0.76
1999 Tadamura et al. (39) After CABG 16 128 Visual, SQ MRI NA 76%, 0.62
2001  Wahba et al. (40) CAD 21 273 Visual, SQ MRI 84%, 0.72 86%, 0.77
1994  Chua et al. (47) CAD 40 640 Visual, SQ Echo 91%, 0.68 90%, 0.62
1997 Germano et al. (19) Mixed 79 1,580 Quantitative  Visual, SQ GSPECT 73%, 0.43  75%, 0.41
2000  Sharir et al. (58) Mixed 100 2,000 Quantitative ~ Visual, SQ GSPECT 80%, 0.71  86%, 0.68

k = Cohen’s k; SQ = semiquantitative; CABG = coronary artery bypass graft; NA = not available; Echo = echocardiography.

Risk Stratification and Prognosis

LV functional status is well recognized as a predictor of
future cardiac events after myocardial infarction. GSPECT
can be used to estimate the residual function after myocar-
dial infarction (71). Patients can be risk stratified on the
basis of the LVEF and LV volumes. Poststress LVEF and
ESV obtained from GSPECT provide incremental informa-
tion over the perfusion and prescan clinical data in the
prediction of cardiac death as well as the combined endpoint
of cardiac death or myocardial infarction. Sharir et al.
showed that patients with an LVEF = 45% or an ESV = 70
mL had a lower mortality rate, despite severe perfusion
abnormalities, whereas patients with an LVEF < 45% or an
ESV > 70 mL had a higher mortality rate, even with
mild-to-moderate perfusion abnormalities (7). When car-
diac death and nonfatal myocardial infarction are consid-
ered as separate endpoints, poststress LVEF is the best
predictor of cardiac death, whereas the amount of ischemia
is the best predictor of nonfatal infarction (5). GSPECT is
also useful in preoperative risk assessment of patients un-
dergoing major noncardiac surgery and may predict periop-
erative cardiac events (6).

Breast attenuation “Normal wall thickening

[l Normalwall thickening

End-diastole End-systole

FIGURE 5. GSPECT shows preserved SWT of anterior wall of
LV, suggesting presence of attenuation artifact rather than true
infarct.
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Myocardial Viability

Restoration of the blood flow by surgical revasculariza-
tion is an important modality of treatment in patients with
chronic CAD and LV dysfunction. Dysfunctional but viable
myocardium is potentially reversible, and patients often
benefit from surgery in terms of quality of life and survival.
On the other hand, surgery in a true infarct or necrotic
myocardium is unnecessary and is associated with signifi-
cant operative morbidity and mortality. Thus, differentiation
of the viable myocardium from the nonviable myocardium
before surgical intervention is crucial. Perfusion—metabo-
lism mismatch—that is, preserved metabolism (as shown by
PET) in an area of decreased perfusion—is considered as
the gold standard for myocardial viability assessment. Re-
cent studies have expanded the potential application of
GSPECT in the assessment of viability (/0-12). A high
predictive value for the functional recovery after surgical
revascularization has been documented (/1,12). GSPECT
relies on demonstration of the regional contractile function
in a hypoperfused area as an indication of the viability.
Whereas preservation of function is clearly proof of viabil-
ity, absence of function does not necessarily indicate ab-
sence of viability. This is because chronically ischemic
myocardium, so-called hibernating myocardium, may have
greatly reduced or absent systolic function. This limitation
can be overcome by using inotopic stimulation of the heart.
Regional contractile function may be abnormal at rest, but
improved contractility after infusion of an inotropic agent
(e.g., dobutamine at low dose) may differentiate the viable
myocardium (positive contractile reserve) from the nonvia-
ble, scarred myocardium (negative contractile reserve) (49).

Follow-Up After Revascularization

The excellent reproducibility and repeatability of
GSPECT are particularly suited to assess the functional
changes after coronary revascularization. LV functional sta-
tus can be compared before and after the revascularization
procedure. Functional improvement after coronary artery
bypass grafting (CABG) or percutaneous angioplasty is
evident by an increase in the LVEF, a decrease in the ESV,
and an improvement in the regional contractile function
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(13,14). SWT analysis has an advantage over RWM anal-
ysis in the post-CABG setting. Post-CABG patients gener-
ally show abnormal wall motion of the septum, despite no
significant myocardial damage. It is thought to be artifactual
and a result of exaggerated systolic anteromedial cardiac
translation after surgery. SWT is preserved in that region
and is considered a better marker of regional contractile
function than RWM in these patients (/3). However, eval-
uation too early may not show adequate functional recovery,
despite restoration of the perfusion due to stunning (72).

CONCLUSION

GSPECT is a simple way of obtaining the LV function
along with the perfusion within a single study. The func-
tional parameters are objective, reproducible, and exten-
sively validated. The continued and substantial growth of
GSPECT procedures in recent years reflects its clinical
utility. The current trend clearly indicates that GSPECT will
continue to be the most commonly performed nuclear car-
diology procedure in coming years. However, proper patient
selection, adequate quality control, identification of the
technical limitations, and application in appropriate clinical
situations are important prerequisites for the optimal utili-
zation of this modality.
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