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INTRODUCTION

MYOCARDIAL VIABILITY assessment continues to represent
an important issue for the patients with coronary heart
disease and left ventricular dysfunction, because viable
tissue is likely to recover in function after restoration of
myocardial blood flow. Metabolic imaging using 18F-

fluorodeoxyglucose (FDG) and PET has played a major
role to differentiate viable from scarred tissue.1–3 How-
ever, its restricted availability and high cost limit wide
clinical use of cardiac PET imaging for viability assess-
ment. Furthermore, the camera time for PET viability
studies is frequently limited even in PET centers, to meet
the high demand for oncology studies.

FDG SPECT with ultra-high energy collimators has
emerged as an alternative technique to FDG PET for the
assessment of myocardial viability.4 Despite its limited
physical performance as compared with PET, published
data support the use of FDG SPECT as a reliable diagnos-
tic technique for viability assessment.5,6 However, it still
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absence of perfusion-FDG mismatch. Results: Of the 47 patients studied, 23 had LVEF < 35% (low
LVEF group; mean 25 ± 7%), whereas the remaining 24 had LVEF ≥ 35% (high LVEF group; mean
47 ± 6%). In the low LVEF group, 213 segments (71%) were dysfunctional, as compared to 102
(33%) in the high LVEF group. The agreement for detection of viability between PET and SPECT
in the low LVEF group was 82% (kappa 0.63), which was not different from the agreement in the
high LVEF group (85%, kappa 0.66, p = 0.42 versus low LVEF group). Conclusions: The results
indicate that FDG SPECT can be used for tissue viability assessment regardless of the severity of
left ventricular dysfunction.
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remains uncertain whether FDG SPECT can reliably
differentiate viable from scarred myocardium indepen-
dent of the severity of left ventricular (LV) dysfunction.
In patients with severely depressed LV function, accurate
assessment of the extent of viable tissue may become a
more critical issue, because these patients are at higher
risk for peri-operative complications associated with sur-
gical revascularization.7

Thus, the aim of the study was to determine whether the
diagnostic accuracy of FDG SPECT would differ be-
tween patients with severely and mild-to-moderately re-
duced left ventricular function using FDG PET as a
reference standard for tissue viability.

MATERIALS AND METHODS

Patients
We studied 47 patients (41 men, 6 women, mean age 64
years) with chronic myocardial infarction and reduced
global or regional LV function. Of these, 27 patients at
The Medical & Pharmacological Research Center Foun-
dation, Ishikawa, Japan (Center 1), and the remaining 20
patients were imaged at Free University, Amsterdam,
Netherlands (Center 2). In order to come to a meaningful
analysis on the influence of LV function, data from previ-
ous studies were included.5,8 All patients underwent both
FDG SPECT and FDG PET imaging within 2 months.
None of the patients had cardiac events (unstable angina,
myocardial infarction, decompensated heart failure)
during the study period. The mean left ventricular ejec-
tion fraction (LVEF), as assessed by radionuclide ven-
triculography or gated-SPECT, was 36 ± 13% (range:
7–60%).

Informed consent, based on the guidelines of each
institutional human study committee, was obtained prior
to participation in the study.

Imaging Procedure
All patients underwent FDG SPECT combined with per-
fusion imaging using rest  injected 201Tl or 99mTc-sestamibi.
PET imaging with FDG and 13N-ammonia was also
performed within 2 months of the SPECT study.

Imaging Protocol at Center 1
Twenty-seven patients underwent PET imaging with 13N-
ammonia and FDG, followed by ECG-gated dual-isotope
SPECT with FDG and 99mTc-sestamibi on a single day, as
previously described.8,9 Each patient received oral glu-
cose (50 g) loading approximately 1 hour prior to FDG
administration. Short-acting insulin was administered in
known or suspected diabetic subjects with hyperglycemia
to enhance myocardial uptake of FDG; this was required
in 15 of 27 patients.

PET imaging was performed using Advance scanner
(General Electric Medical Systems, Milwaukee, WI, USA).
After a 15 minute transmission scan, PET images were

acquired over 5 to 10 minutes beginning 5 minutes after
an intravenous injection of 13N-ammonia (740 MBq).
After completion of 13N-ammonia data acquisition, 370
MBq of FDG was injected and 40 minutes thereafter
imaging (for 15 minutes) was started.

Immediately after the completion of the PET study, 800
MBq of 99mTc-sestamibi was injected intravenously. This
activity of 99mTc would provide a 99mTc/18F ratio of 3.49/
1 in the heart at the time of imaging, resulting in limited
(<6%) down scatter of 18F to the 99mTc window. Thirty
minutes after injection, ECG-gated imaging was per-
formed using a dual-head SPECT camera in a 90 degree
geometry equipped with ultra-high energy, parallel hole
collimators designed for 511 keV acquisition (Millen-
nium VG, General Electric Medical Systems, Milwaukee,
WI, USA). Images were recorded over 180 degrees from
the 45 degree right anterior oblique to the 45 degree left
posterior oblique in a 64 × 64 matrix with an acquisition
time of 30 seconds per projection in 3 degree increments,
resulting in a total of 60 projection data. At each position,
8 ECG gated frames per cardiac cycle were acquired.
Energy windows were centered on 511 keV ± 10% for 18F
and 140 keV ± 10% for 99mTc. Image reconstruction was
performed using a Butterworth filter with a cutoff fre-
quency of 0.4, order 10. Summed data of all frames were
generated as the non-gated images for image interpreta-
tion.

Imaging Protocol at Center 2
Twenty patients underwent both PET and SPECT within
2 months (mean 34 days) in a manner previously de-
scribed.5 In brief, PET imaging was performed using an
ECAT951 PET scanner (Siemens, Erlargen, Germany).
After injection of 370 MBq of 13N-ammonia, dynamic
imaging was performed for 15 minutes. Dynamic FDG
PET was performed during hyperinsulinemic euglycemic
clamping after injection of 185 MBq of FDG. For both
13N-ammonia and FDG data, the last frame was used for
analysis.

Perfusion SPECT was obtained 15 minutes after injec-
tion of 111 MBq of 201Tl at rest using a dual-head SPECT
camera (Vertex, ADAC laboratories, Milpitas CA, USA)
over 360 degrees, collecting 64 projections for 30 seconds
each. After the 201Tl study, FDG SPECT was performed
during hyperinsulinemic euglycemic clamping. FDG (185
MBq) was injected after 60 minutes of clamping, and 45
minutes thereafter imaging was started. For imaging, the
same camera system as described for 201Tl acquisition
was used; the system was now equipped with ultra-high
energy collimators for 511 keV data acquisition.

Data Analysis
Visual interpretation of the SPECT and PET images was
performed by 2 experienced observers using a 13-seg-
ment model5 and 4-point scoring system (1 = normal, 2 =
mildly reduced tracer uptake, 3 = severely reduced tracer
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uptake, 4 = absent tracer uptake). Disagreements in inter-
pretation were resolved by consensus. Tissue viability on
SPECT or PET was assessed by the combined interpreta-
tion of perfusion and FDG activity as previously de-
scribed.2 A segment was considered viable if myocardial
perfusion was normal or mildly reduced (perfusion score
≤2) or if severely reduced or absent perfusion (perfusion
score ≥3) was associated with a perfusion/metabolism
mismatch (perfusion score minus 18F-FDG score was
≥1). Conversely, a segment with severely reduced or
absent perfusion (perfusion score ≥3) without increased
18F-FDG uptake was considered to represent scar tissue.

Regional Contractile Function
Regional contractile function was assessed from either
2D echocardiography (n = 20) or gated-SPECT (n = 27).
Each segment was visually classified using a 3-point
scoring system (1 = normal, 2 = hypokinesia, 3 = a- or
dyskinesia), as previously described.5

Statistical Analysis
Data were expressed as mean ± 1 standard deviation (SD).
The evaluation of agreement of viability between FDG
SPECT and PET was performed using a kappa statistic.
Differences in proportions were analyzed using Chi-
square test. Statistical significance was defined as p <
0.05.

RESULTS

Overall Results
All 47 patients had FDG images of good quality. From a
total of 611 segments in 47 patients, PET identified 481
(79%) segments as viable and 130 (21%) as nonviable.
SPECT identified 478 (78%) segments as viable and 133
(22%) as nonviable. The overall agreement of viability
between PET and SPECT was 91% with a kappa statistic
of 0.73 (Fig. 1).

Of these 611 segments, 315 (52%) showed regional
dysfunction on echocardiography or gated-SPECT. Of
these, PET identified 188 (60%) segments as viable and
127 (40%) as nonviable. SPECT identified 184 (58%)
segments as viable and 131 (42%) as nonviable. As illus-
trated in Figure 1, the agreement of viability between
PET and SPECT in the dysfunctional segments was 83%
with a kappa statistic of 0.65. However, there were seg-
ments showing discordant results between PET and SPECT
(i.e., 29 segments were viable by PET but nonviable by
SPECT; another 25 segments were nonviable by PET but
viable by SPECT). Of the 29 segments that were viable
only by PET, 18 were located in the anterior wall (includ-
ing apex) and the remaining 11 were in the inferior wall.
Of the 25 segments that were viable only by SPECT, 15
were located in the anterior wall (including apex) and the
remaining 10 were in the inferior wall.

Diagnostic Accuracy of FDG SPECT in the Low and High
LVEF Groups
Of a total of 47 patients, 23 (49%) had LVEF < 35% (low
LVEF group; mean 25 ± 7%), whereas the remaining 24
(51%) had LVEF ≥ 35% (high LVEF group; mean 47 ±
6%). The low LVEF group had 213 (71%) dysfunctional
segments, while the high LVEF group had 102 (33%)
dysfunctional segments (p < 0.0001). When only the
patients with low LVEF were analyzed, PET identified
120 (56%) viable and 93 (44%) nonviable segments,
while SPECT identified 111 (52%) viable and 102 (48%)
nonviable segments. Of the 102 dysfunctional segments
from the high LVEF group, PET identified 68 (67%)
viable and 34 (33%) nonviable segments, while SPECT
identified 73 (72%) viable and 29 (28%) nonviable seg-
ments. As shown in Figure 2, the agreement of viability
between PET and SPECT in this low LVEF group was
82% with a kappa statistic of 0.63, which was similar to
that for the high LVEF group (85%, kappa statistic 0.66,
p = 0.42 versus the low LVEF group). When the results for

Fig. 1   Agreement of viability assessment between FDG SPECT and PET in all (left) and dysfunctional
(right) segments.
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each imaging center was separately analyzed, there were
no significant differences in the agreement of viability
between the low and high LVEF group in any center
(center 1, 86% for the low LVEF group and 91% for the
high LVEF group, NS; center 2, 79% for the low LVEF
group and 77% for the high LVEF group, NS).

DISCUSSION

To the best of our knowledge, this is one of the largest
studies directly comparing FDG SPECT and PET for the
assessment of myocardial viability, and pooling the data,
enabling subgroup analysis. The major findings in this
study were that (1) there was a good overall agreement of
viability between FDG SPECT and PET, and that (2) the
agreement of viability did not differ between the patients
with mildly and severely reduced LV function.

Metabolic Imaging Using SPECT Techniques
In this study, we used FDG PET as a reference technique
to be compared with FDG SPECT, because FDG PET is
currently regarded as the metabolic gold standard of tissue
viability in patients with coronary heart disease and LV
dysfunction.1–3 Our results showed that the agreement of
viability between FDG SPECT and PET occurred in 91%
of all and 83% of dysfunctional segments. To date, several
studies have been published comparing FDG SPECT and
PET in the literature. Burt et al.10 first compared FDG
SPECT and PET in the same 20 patients and reported that
both SPECT and PET were equally effective for the
assessment of tissue viability. The following studies have
also reported good agreements of viability between FDG
SPECT and PET.5,8,11–13 In the current study, pooling data
from two centers allowed us to compare FDG SPECT and
FDG PET in a large number of patients, confirming the
good agreement between PET and SPECT imaging. A
recent study by Slart et al.14 also reported a good agree-
ment of viability between FDG SPECT and PET in an

even larger number of patients (n = 58), but they used a
different imaging protocol (stress perfusion imaging for
both SPECT and PET) and did not address the effect of left
ventricular function on diagnostic accuracy.

Despite the good agreement of viability between PET
and SPECT observed in this study, there were still some
segments showing discordant results. These discordant
segments were located in both the anterior and inferior
wall, and no specific over- or underestimation of viability
by SPECT was observed, suggesting that the lack of
attenuation correction with SPECT did not markedly
affect the diagnostic accuracy. This may be because we
relied not only on tracer uptake but also on the presence or
absence of perfusion/metabolism mismatch. More impor-
tantly, we already know the normal myocardial distribu-
tion of FDG and flow tracer on SPECT images9 and the
visual assessment by expert observers readily considers
the effect of photon attenuation in interpreting the SPECT
images.

Effect of Left Ventricular Function on Diagnostic Accu-
racy of FDG SPECT
In addition to the limited number of patients studied with
both FDG PET and SPECT, virtually no data are available
in patients with depressed LV function. In particular, in
these patients, with severely reduced LV function, the
presence and extent of viable myocardium is a critical
issue, since these patients have a poor prognosis when
managed medically, but at the same time have a high event
rate when undergoing surgical revascularization. In this
view, our results are important, since they demonstrate
that the agreement of viability assessment between FDG
SPECT and PET in patients with depressed LVEF was
comparable to that of patients with a more preserved LV
function.

Methodological Considerations and Limitations
In this study, data from two imaging laboratories were

Fig. 2   Agreement of viability assessment between FDG SPECT and PET in patients with left ventricular
ejection fraction (LVEF) of <35% (left) and ≥35% (right).
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combined. Therefore, the imaging protocols differ in
some details, which is frequently an issue in studies
performed at different locations. These differences in-
clude oral glucose loading versus insulin clamping, dual-
isotope versus single-isotope acquisition for FDG SPECT,
and wall motion evaluation by gated-SPECT versus 2D
echocardiography. Concerning the FDG protocol, it has
been demonstrated that the insulin clamp technique does
not alter FDG uptake patterns when compared to the
glucose loading protocol, although it results in good
image quality.15 In this study, all patients had FDG images
of good quality. This is likely due to the fact that short-
acting insulin was injected in 56% of patients who were
studied after oral glucose loading.

Concerning dual- versus single-isotope SPECT, it has
been suggested that the down scatter from FDG to the
99mTc window may unfavorably affect the 99mTc-sestamibi
perfusion images.13 However, the contribution of down
scatter will be minimal if the ratio of 99mTc to 18F is 3.2 or
higher.16 In the current study, this ratio was 3.49 at the
time of imaging. On the other hand, scatter from 99mTc to
18F is not that much of an issue since 18F has a much higher
photon energy. Concerning wall motion assessment by
gated-SPECT or 2D echocardiography, various studies
have shown a good agreement between both techniques
for the assessment of wall motion.17,18 Finally, when the
data from both centers were separated, and the results
from patients with low and high LVEF were compared
again, the results were similar.

One additional limitation needs to be emphasized:
functional outcome data after revascularization were not
obtained, and although good agreement between PET and
SPECT was demonstrated, a head-to-head comparison
between PET and SPECT in patients who undergo revas-
cularization is needed.

CONCLUSION

In patients with severely depressed LV function, the
presence and extent of myocardial viability becomes a
critical issue to determine whether or not to proceed to
revascularization. The current results lend further support
to the contention that FDG SPECT can be used to assess
viability, even in this subset of patients.
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