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Reproducibility of Measurements of Regional
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Assessed with PET
Shigcki Nagamachi, Johannes Czernin, Anatole S. Kim, Karl T. Sun, Morten BÃ¶ttcher, Michael E. Phelps and
Heinrich R. Scheiben
Department of Molecular and Medical Pharmacology, Division of Nuclear Medicine, UCLA School of Medicine; and
Laboratory of Structural Biolog\> and Molecular Medicine, University of California, Los Angeles, California

PET with 13N-ammonia permits the noninvasive quantification of

myocardial blood flow (MBF) in humans. The present study was
done to assess the reproducibility of quantitative blood flow mea
surements at rest and during pharmacologically induced hyperemia
in healthy individuals. Methods: Thirty healthy volunteers (26 men, 4
women) were studied. Paired measurements of MBF at rest (n = 21),
during adenosine (n = 15) and during dipyridamole (n = 7) were
performed using a two-compartment model for 13N-ammonia PET.
The mean difference between baseline and follow-up blood flow (%
difference) was calculated to assess reproducibility. Results: No
significant difference was observed between resting blood flow at
baseline or follow-up (15.8% Â± 15.8%; p = ns). Baseline and
follow-up resting blood flow were linearly correlated (r = 0.63, p <
0.005). Normalization of resting blood flow to the rate pressure
product improved the reproducibility significantly (15.8% Â±15.8%
versus 10.1% Â±10.5%, p < 0.05). Baseline and follow-up hyper-
emic myocardial blood flow did not differ (11.8% Â±9.4%; p = ns)
and were linearly correlated (r = 0.69, p < 0.0005). Conclusion:
MBF at rest can be measured reproducibly with 13N-ammonia PET.

The individual response to pharmacologie stress appears to be
relatively consistent. Thus, serial blood flow measurements with
13N-ammonia PET can be used to quantify the effect of various

interventions on MBF and vasodilatory reserve.

Key Words: myocardial blood flow; pharmacologie stress; PET
J NucÃMed 1996; 37:1626-1631

K ET with either l3N-ammonia or l5O-water and an appropriate

tracer compartmental model allows for noninvasive quantifica
tion of myocardial blood flow (MBF) (1-7). Such measure
ments have been used in healthy volunteers (1-3,8,9), patients
with coronary artery disease (3,10,11) and other cardiac dis
eases (12,13). Additionally, these measurements have been
used to assess the effect of pharmacologie intervention (14),
cardiovascular conditioning (Â¡5),coronary angioplasty (16,17)
and immunosuppressive treatment on rejecting heart transplant
on MBF (18).

The reproducibility of regional MBF measurements with
L1N-ammonia and dynamic PET, however, has yet to be
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extensively examined (19). Establishing the reproducibility of
this method would be particularly important for serial PET
measurements of MBF after pharmacologie or therapeutic
interventions.

Thus, the aim of the current study was to determine the
reproducibility of 13N-ammonia PET measurements of MBF at

rest and during pharmacologically induced hyperemia in a
group of healthy individuals.

MATERIALS AND METHODS

Subjects
Thirty healthy volunteers (26 men, 4 women) with a mean age of

33.7 Â±15.4 yr and a low likelihood for coronary artery disease
were included in this study (20). None of the participants were
taking any medication and all refrained from caffeine intake 24 hr
before the PET study (21). Each participant signed an informed
consent form approved by the UCLA Human Subject Protection
Committee.

Study Protocol
Paired resting MBF studies were performed in eight individuals

within the same day. Also within the same day, nine other
participants had paired hyperemic blood flow studies during
intravenous adenosine. Lastly, both paired resting and paired
hyperemic blood flow studies (adenosine; n = 6 or dipyridamole;
n = 7) were obtained in the 13 remaining participants at an average
time interval of 26.5 Â±18.9 days.

Adenosine and dipyridamole induce comparable degrees of
myocardial hyperemia (9). The relatively long half-life of dipyri
damole (30 min), however, precludes serial hyperemic blood flow
studies within the same day (22). Adenosine has a short half-life
of < 5 sec (23). Therefore, the reproducibility of hyperemic blood
flow within the same day was tested with adenosine while the
reproducibility of hyperemic blood flow measurements on separate
occasions was assessed with dipyridamole.

Adenosine was infused intravenously at a rate of 140 /Â¿g/kgfor
6 min. Three minutes after the start of the adenosine infusion,
370-555 MBq of l3N-ammonia were injected intravenously over

30 sec while the serial PET image acquisition was started. For
dipyridamole induced hyperemia, dipyridamole (0.56 mg/kg) was
infused intravenously over 4 min (24). Four minutes later, 370-555
MBq of l3N-ammonia was injected over 30 sec and the serial
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imaging sequence commenced. For the one-day protocol, each
study was separated by 50 min (>5 half-lives of 13N)to allow for

decay of radioactivity. Motion artifacts were minimized by fasten
ing a Velcro strap across the volunteer's chest. ECG was monitored

continuously. Heart rate and blood pressure (cuff measurements)
were measured 1-min intervals during the first 2 min of tracer
injection.

Image Acquisition
All studies were performed on a PET scanner that acquires 15

transaxial images simultaneously (25). The tomographic images
were reconstructed using a Shepp filter with a cutoff of 0.3 Nyquist
frequency, resulting in an effective in-plane resolution of 11 mm
FWHM. To correct for photon attenuation, a 20-min transmission
image was performed before each imaging sequence. The dynamic
imaging sequences consisted of 12 frames: 10 sec each, 2 frames of
30 sec each, 1 frame of 60 sec and 1 frame of 90 sec.

Quantification of Myocardial Blood Flow
The 15 transaxial images were re-oriented into six short axis

planes as described previously (5). Three, 70Â°-90Â°sectorial regions

of interest (ROIs) were assigned to the anterior, lateral and inferior
wall on a basilar, midventricular and more apical short-axis
cross-section of the left ventricular myocardium (8). The three
sectorial regions of interest correspond to the territories of the left
anterior descending, the left circumflex and the right coronary
artery.

To assign comparable ROIs between studies as well as between
individuals, the insertion of the right ventricle into the intraven-
tricular septum served as anatomical landmark and a starting point
for the placement of the regions. The regions were then copied to
the first 120 sec (12 frames) of the dynamic imaging sequence to
obtain regional tissue time activity curves. The time activity curves
were averaged between three planes to obtain one time activity
curve for each vascular territory (LAD, LCX, RCA). In addition,
the three regional time activity curves were averaged to obtain a
single time activity curve for each individual (fi). A 25-mnr ROI
(10 pixels) was placed in the left ventricular blood pool and copied
to the first 12 frames (120 sec) of the serial acquired images to
obtain the arterial input function (26).

Regional and averaged tissue time-activity curves were cor
rected for partial volume effects by assuming a uniform wall
thickness of 1 cm (27). They were also corrected for spillover of
activity from the blood pool to the myocardium and for physical
decay of the 13N (26). The corrected blood-pool and myocardial

time-activity curves were fitted with a previously validated two-
compartment tracer kinetic model (4,6).

Statistical Analysis
The reproducibility of the measurements was assessed by linear

regression analysis and the difference between the baseline and
follow-up measurements. The percent difference was calculated as
follows: follow-up blood flowâ€”baselineblood flow/baseline blood
flow X 100. Mean values are given with their s.d. The paired t-test
was used to compare hemodynamic parameters and MBF within
each participant. Analysis of variance was used to evaluate
differences between groups and interventions of protocols. Corre
lations were sought using least squares regression analysis. Prob
ability (p) values < 0.05 were considered statistically significant.

RESULTS

Semiquantitative Polar Map Activity Analysis
The short-axis images were assembled into polar maps of the

13N-ammonia activity distribution and compared with a data

base of normal volunteers (28). All participants had a homoge
neous tracer distribution throughout the entire left ventricular

TABLE 1
Hemodynamic Findings

Baseline Follow-up
Differences

(%)

Rest (n = 21)

Heart rate (bpm)
SBP (mmHg)
DBP (mmHg)
RPP (bpm â€¢mmHg)

MABP (mmHg)
Stress (n = 22)

Heart rate (bpm)
SBP (mmHg)
DBP (mm Hg)
RPP (bpm â€¢mmHg)

MABP (mmHg)
(Adenosine; n = 15)

Heart rate (bpm)
SBP (mmHg)
DBP (mmHg)
RPP (bpm â€¢mmHg)

MABP (mmHg)
(Dipyridamole; n = 7)

Heart rate (bpm)
SBP (mmHg)
DBP (mmHg)
RPP (bpm â€¢mmHg)

MBP (mmHg)

62Â±11115Â±
1268

Â±127151
Â±151884

Â±1193

Â±12119Â±
1167

Â±1011083
Â±206884
Â±995

Â±12121
Â±1266

Â±1211459
Â±220584
Â±1088

Â±11116Â±966

Â±610277
Â±158784Â±766

Â±13112
Â±1067

Â±117360
Â±173782

Â±1095

Â±14116Â±
1165

Â±810958
Â±218581
Â±895

Â±15118
Â±1265

Â±1011254
Â±231882
Â±993

Â±13111
Â±867

Â±610324
Â±186881
Â±69.2

Â±10.04.8
Â±4.67.9
Â±7.416.5
Â±11.54.7
Â±3.38.3

Â±7.45.1
Â±5.06.8
Â±4.88.8
Â±7.25.5
Â±4.56.9

Â±5.54.5
Â±4.97.7
Â±5.47.7
Â±6.55.9
Â±4.87.0

Â±14.06.3
Â±5.35.1
Â±2.611.1

Â±8.74.8
Â±4.1

SBP = systolic blood pressure; DBP = diastolic blood pressure; MABP;
mean aortic blood pressure; RPP = rate pressure product (heart rate x SBP)

myocardium at baseline and follow-up by polar map analysis,
suggesting that the participants were indeed free of significant
coronary artery disease (29-31).

Hemodynamic Findings
Resting systolic blood pressure, diastolic blood pressure,

mean aortic blood pressure, heart rate and rate pressure product
did not differ significantly between the two studies (Table 1).
Similarly, systolic, diastolic and mean aortic blood pressure as
well as heart rate and rate pressure product were comparable
during the paired hyperemic blood flow studies (Table 1).

Myocardial Blood Flow at Rest
Resting blood flow averaged 0.62 Â±0.14 at baseline and

0.66 Â±0.15 ml/g/min at follow up (p = ns; Table 2). Mean

TABLE 2
Myocardial Blood Flow at Rest (n = 21)

Differences
Baseline Follow-up

Resting blood flow (ml/g/min)
Mean 0.62 Â±0.14 0.66 Â±0.15
LAD 0.59 Â±0.13 0.63 Â±0.14
LCX 0.65 Â±0.21 0.66 Â±0.19
RCA 0.64 Â±0.14 0.68 Â±0.14

Normalized resting blood flow (ml/g/min/RPP)
Mean 0.08 Â±0.01 0.09 Â±0.02
LAD 0.08 Â±0.01 0.09 Â±0.01
LCX 0.09 Â±0.01 0.09 Â±0.02
RCA 0.09 Â±0.01 0.09 Â±0.02

15.8 Â±15.8
12.5 Â±13.2
21.1 Â±23.5
19.0 Â±16.2

10.1 Â±10.5*

9.9 Â±9.6
16.8 Â±15.8
14.5 Â±12.0

*p < 0.05 vs. % differences of mean absolute blood flow (%).

LAD = left anterior descending coronary artery; LCX = left circumflex
coronary artery; RCA = right coronary artery; RPP = rate pressure product.
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TABLE 3
Comparison of Percent Differences between One-day and

Two-day Protocols

One-day Two-day

RestMean
resting blood flow(%)Mean
normalizedrestingblood

flow(%)StressMean

hyperemicblood
flow(%)Mean

coronaryvascularresistance
index (%)(n12.07.7(n12.211.6=â€¢4-Â±=Â±Â±8)10.16.99)8.110.2(n

=18.1

Â±11.5
Â±(n

=11.4

Â±10.3

Â±13)17.712.2*13)11.510.5nsnsns

â€¢p< 0.05

ns = nonsignificant

blood flow within each individual differed by 15.8% Â±15.8%
between the studies. Resting blood flow was correlated with the
rate pressure product at baseline (r = 0.88, p < 0.0001) and at
follow-up (r = 0.74, p < 0.0001).

Regional resting blood flow was similar in the three vascular
territories both at baseline and at follow-up. The relative
differences in regional resting blood flow are listed in Table 2.
Interstudy differences in regional MBF ranged from 0.00 to
0.28, 0.00 to 0.54 and 0.01 to 0.35 ml/g/min and averaged
0.07 Â±0.07, 0.14 Â±0.14 and 0.11 Â±0.09 ml/g/min in the left
anterior descending, left circumflex and right coronary artery
territories, respectively.

To account for individual differences in cardiac work (#),
resting blood flow was normalized to the rate pressure product
(RPP). Mean normalized MBF did not differ significantly
between the baseline and the follow-up study and differed by
10.1% Â±10.5% (Table 2). The percent difference of mean
normalized MBF was significantly smaller than that of absolute
myocardial blood flow (p < 0.05).

The percent difference in resting blood flow tended to be
larger for the two day than for the one day protocol. No
significant differences, however, were observed (Table 3).

TABLE 4
Hyperemic Blood Flow

Differences
Baseline Follow-up

MBF (n =22)MeanLADLCXRCACVR

(n =22)MeanLADLCXRCAAdenosine

(n =15)Mean

MBFMean
CVRDipyridamole

(n =7)Mean

MBFMean
CVR2.01

Â±0.391.93
Â±0.391.95
Â±0.432.14

Â±0.4343.34

Â±9.0545.1
8Â±9.7345.08

Â±10.7640.75
Â±8.501.97

Â±0.4544.64
Â±0.452.09

Â±0.2540.57
Â±6.732.03

Â±0.311.94
Â±0.322.02

Â±0.362.14
Â±0.3641

.28Â±7.8045.45
Â±8.7941

.87Â±9.0739.46
Â±8.162.05

Â±0.3341
.25Â±8.422.00

Â±0.3141
.33 Â±6.8911.8

Â±9.411.9
Â±9.113.5

Â±12.115.2
Â±12.110.8

Â±10.111.7
Â±9.210.8Â±
10.213.9

Â±14.812.2

Â±10.310.4
Â±9.710.8

Â±7.511.7
Â±11.8

MBF = myocardial blood flow (ml/g/min); CVR = coronary vascular
resistance index (mmHg/ml/g/min); LAD = left anterior descending artery;
LCX = left circumflex coronary artery; RCA = right coronary artery.

1.0-

0.8.

0.6-

0.4-

0.2.

0.0

0.0 0.2 0.4 0.6

Mean MBF Baseline(ml/g/min)

0.8 1.0

FIGURE 1. Scatter plot of the relationship between baseline and follow-up
study of resting MBF (n = 21). Initial and repeat measurements of perfusion
were correlated by y = 0.65x + 0.25, r = 0.63, p < 0.005; s.e.e.:0.12.

Moreover, the reproducibility of blood flow measurements on
different days was improved by normalizing blood flow to the
rate pressure product (18.1 Â±17.7 versus 11.5% Â±12.2%; p <
0.05).

Hyperemic Myocardial Blood Flow
Pharmacologie vasodilation was induced by adenosine in 15

patients and by dipyridamole in 7. Both substances induced a
similar degree of myocardial hyperemia (Table 4). Mean
hyperemic blood flow differed by 11.8% Â±9.4% (p=ns). The
absolute differences ranged from 0.02 to 0.68 ml/g/min and
averaged 0.22 Â±0.17 ml/g/min.

Regional hyperemic blood flow did not differ between the
three territories or between baseline and follow-up study (Table
4). The percent differences between baseline and follow-up
study are summarized in Table 4. The individual differences in
hyperemic blood flow ranged from 0.00 to 0.63, 0.00 to 0.58
and 0.05 to 0.87 ml/g/min and averaged 0.23 Â±0.17, 0.25 Â±
0.19 and 0.31 Â±0.23 ml/g/min in the territories of the LAD,
LCX and RCA, respectively (Table 4).

An index of coronary vascular resistance (CVR) was esti
mated from the ratio of mean aortic blood pressure to blood
flow (32). This resistance index did not differ between baseline
or follow-up. Similarly, it did not differ between the three
vascular territories or between baseline and follow up (Table 4).
The changes in resistance index were similar to those observed
for absolute regional MBF. No significant differences in hyper
emic blood flow or resistance index were noted between the
one-day and two-day protocols (Table 3).

Overall Reproducibility of Blood Row Measurements
Overall, all mean baseline and all follow-up blood flow

measurements were closely correlated with a slope approaching
unity (y = 0.93x + 0.12, r = 0.96; p < 0.0001). There was a
significant correlation between baseline and follow-up MBF at
rest (r = 0.63, p < 0.005; Fig. 1). The regional blood flow
measurements were also significantly correlated (r = 0.73, p <
0.0001 in the LAD, r = 0.51, p < 0.05 in the LCX and r = 0.49,
p < 0.05 in the RCA). Similarly, a significant correlation was
found between baseline and follow-up for mean normalized
resting blood flow (r = 0.60, p < 0.005; Fig. 2). The y-intercept
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FIGURE 2. Scatter plot of the relationship between baseline and follow-up
resting MBF normalized to the rate pressure product (n = 21). Baseline data
correlated linearly with the follow-up data by y = 0.86x + 0.015, r = 0.60, p <

0.005; s.e.e.:0.012.

was positive likely due to the narrow range of resting blood
flow values (Fig. 1). Note, that the slope was markedly
improved when blood flow was normalized to the rate pressure
product (Fig. 2).

Measurements of hyperemic blood flow, induced by dipyri-
damole, were as reproducible as those induced by adenosine
(Table 4). Overall, mean (r = 0.69, p < 0.0005, Fig. 3) and
regional hyperemic baseline and follow-up blood flow also
significantly correlated (r = 0.70, p < 0.0005 in the LAD, r =
0.71, p < 0.0001 in the LCX and r = 0.53, p < 0.01 in the
RCA). Again, small ranges of hyperemic blood flow values
likely explain the positive y-intercept of the relationship
(Fig. 3).

3.0 -,

r ,â€ž:
0.5.

0.0

0.0 0.5 1.0 1.5 2.0 2.5 3.0

Mean MBF Baseline
(ml/g/min)

FIGURE 3. Scatter plot of the relationship between baseline and follow-up
hyperemic MBF (n = 22). Baseline and follow-up measurements of perfusion
were correlated by y = 0.55x + 0.93, r = 0.69, p < 0.0005; s.e.e.: 0.23.

DISCUSSION
MBF at rest and during pharmacologically induced hyper-

emia can be measured reproducibly with N-ammonia and PET
in the same study session as well as on different days.

Several methodological problems such as: the participant's
motion, size and placement of myocardial tissue and blood-pool
ROIs, and differences in spillover activity fraction between
blood pool and myocardium might affect the reproducibility of
quantitative blood flow measurements with PET.

Subject motion was minimized by fastening a Velcro strap
across their chest. In addition, only the first 120 sec of activity
data were used for quantitative analysis. Thus, motion is
unlikely to have contributed significantly to the observed
variability.

Kuhle et al. (6) reported a 2.5 times greater s.e.e. for blood
flow measurements derived from small ROIs (45Â°myocardial
sectors) than for the averaged value of 20-24 sectors (6).
Therefore, we used rather large, 70-90Â°ROI to assess blood

flow in the E3 major vascular territories. This approach yields
blood flow measurements with a relatively small coefficient of
variation of less than 15% (8).

Spillover activity from blood pool to myocardial tissue was
corrected by a deconvolution technique validated previously
(33), but because of prominent biventricular spillover, the
interventricular septum was excluded from quantitative analy
sis.

Reproducibility of Blood Row at Rest
MBF at rest depends largely on cardiac work (4,8,10,34,35).

Therefore, MBF at rest would be expected to vary with the
rate-pressure product, the most commonly used index of cardiac
work. Because this index of cardiac work varied by about 16%
(Table 1), MBF at rest varied to a similar degree between the
studies (Table 2). The rate pressure product varied considerably
between individuals, which explains, in part, the variability of
resting blood flow which ranged from 0.45 to 0.93 ml/g/min in
the current study. Consequently, myocardial blood flow nor
malized to the rate pressure product reduced the variability of
measurements significantly from 15.8% Â±15.8% to 10.1% Â±
10.5%. Thus, to allow meaningful interpretation of quantitative
data, resting blood flow should be normalized to the rate
pressure product.

Reproducibility of Hyperemic Blood Flow
The reproducibility of PET derived blood flow measurements

during pharmacologically induced hyperemia depends upon
several methodological and physiological parameters. Among
these are: (a) variation in time interval from the infusion of the
pharmacologie stress agent to administration of the blood flow
tracer (22), (b) changes in physiologic determinants of blood
(22,36) flow such as heart rate (37) or (c) coronary driving
pressure (38,39).

The response to dipyridamole changes over time with a
relatively constant and maximal response occurring 8 min after
the beginning of the vasodilator infusion (27). Accordingly,
l3N-ammonia was injected consistently at that time. A similarly

rigorous schedule was used for the hyperemic study during
intravenous adenosine with tracer injection 3 min after start of
adenosine (24,35,37). Therefore, differences in the study pro
tocol were unlikely to have contributed to the observed vari
ability in blood flow.

Animal experimental studies have suggested that increases in
heart rate might reduce hyperemic blood flow by shortening the
diastolic flow phase (37). McGinn et al. (40) failed to observe
an effect of tachycardia up to 120 bpm on hyperemic blood
flow. Changes in heart rate were small between baseline and
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follow-up. Therefore, they were unlikely to have affected the
reproducibility of hyperemic blood flow.

Coronary driving pressure (41), another important determi
nant of hyperemic blood flow, was relatively stable between the
two hyperemic studies. This might partly explain the small
changes in hyperemic blood flow between studies. To examine
whether the small changes in mean arterial blood pressure
contribute to the observed variability, an index of coronary
vascular resistance was derived from the ratio of mean aortic
blood pressure to myocardial blood flow (32,38,39,41). Such
correction did not improve the reproducibility of hyperemic
blood flow measurements.

Considerable variability of hyperemic blood flow was ob
served in the territory of the right coronary artery. Again,
biventricular spillover from the inferior aspect of the intraven-
tricular septum as well as activity spillover from the liver to the
inferior wall of the left ventricle might have compromised the
time-activity curves in some subjects and might explain this
variability.

Study Limitations
One limitation of this investigation is that only healthy

individuals were studied. Thus, the reproducibility of blood
flow measurements derived from smaller ROIs patients with
coronary artery disease remains unknown.

Another limitation of the study is a uniform left ventricular
wall thickness of 1 cm was assumed in each participant for
partial volume correction. In patients with left ventricular
hypertrophy or coronary artery disease, different recovery
coefficients derived from echocardiographic wall thickness
measurements need to be employed for correction of partial
volume effects.

CONCLUSION
The current study demonstrated a significant reproducibility

of noninvasively derived quantitative MBF measurements with
13N-ammonia PET, suggesting that they can be used for

noninvasively monitoring the effect of revascularization proce
dures, pharmacological interventions or risk factor modifica
tions on MBF and flow reserve. The considerable variability in
regional MBF observed in the current study, however, suggests
that such serial measurements need to be interpreted with
caution.
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Comparison of Myocardial Uptake of Fluorine-18-
Fluorodeoxyglucose Imaged with PET and SPECT
in Dyssynergic Myocardium
Jeroen J. Bax, Frans C. Visser, Paul K. Blanksma, Magreet A. Veening, Eng S. Tan, Antoon T.M. Willemsen,
Arthur van Lingen, Gerrit J.J. Teule, Willem Vaalburg, Kong I. Lie and Cees A. Visser
Departments of Cardiology and Nuclear Medicine, Free University Hospital Amsterdam; and the PET Center of the
Groningen University Hospital, Groningen, The Netherlands

PET with 18F-fluorodeoxyglucose (FDG) can detect viable myocar

dium and predict functional recovery after revascularization. The use
of PET for clinical routine, however, is limited. Recently, imaging
FDG with SPECT was proposed. The aim of this study was to
compare the diagnostic value of FDG-PET and FDG-SPECT in the
detection of viable myocardium in segments with abnormal wall
motion. Methods: Twenty patients with previous myocardial infarc
tion were studied. All underwent FDG-PET and FDG-SPECT during
hyperinsulinemic glucose clamping. Regional perfusion was as
sessed with 13N-ammonia PET and early resting 201TI- SPECT.
Regional wall motion was assessed with two-dimensional echocar-
diography. The agreement between FDG/13N-ammonia PET and
FDG/201"!!SPECT to detect viability in dyssynergic myocardium was

76%. On a patient basis, PET and SPECT yielded comparable
results in 17 of 20 patients. In a subgroup of patients with LVEF <
35% (n = 12), all PET and SPECT viability data were identical.
Conclusion: This study shows a good correlation between the
detection of viability in dyssynergic myocardium with FDG/13N-
ammonia PET and FDG/201^ SPECT, both on a segmental and

patient basis.
Keywords: PET; fluorine-18-fluorodeoxyglucose;SPECT; myocar
dial viability
J NucÃMed 1996; 37:1631-1636

Uyssynergic but viable myocardium can be detected with PET
using '8F-fluorodeoxyglucose (FDG) (1-4). PET centers, how

ever, are not widely available to meet the clinical demand for
viability studies with FDG. Several institutions have recently
studied the feasibility of imaging myocardial FDG uptake with
SPECT (5-10). Two recent reports described good agreement

between myocardial FDG uptake assessed with PET and
SPECT (8,10). Moreover, we have previously shown that
FDG-SPECT can predict improvement of regional contractile
function after revascularization (77).

In this study, we compared the diagnostic value of FDG-PET
and FDG-SPECT in the detection of residual viability in
dyssynergic myocardium (assessed by echocardiography). For
comparison, not only was FDG uptake considered, but also its
uptake relative to a flow tracer (13N-ammonia in the PET study
and 20IT1 in the SPECT study). Quantitative analysis techniques
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were applied to the PET and SPECT data, to minimize observer
bias.

MATERIALS AND METHODS

Patients and Study Protocol
Twenty patients (4 women, 16 men; mean age 64 Â±8 yr) with

previous infarction were included. Six patients had a non-Q wave
infarction, and 14 had a Q wave on the ECG (6 inferior, 7 anterior
and 1 both anterior and inferior). The mean time interval of
infarction to the study was 42 Â± 57 mo. All patients who
underwent catheterization, had significant coronary artery disease
on angiography (>50% reduction in luminal diameter of at least
one major epicardial coronary artery (25)). Ten had three-vessel
disease, five had two-vessel disease and three had single-vessel
disease. They had a mean left ventricular ejection fraction (LVEF)
of 39% Â±16% (12 patients had LVEF < 35%). Four patients had
diabetes mellitus type II and were well regulated on oral hypogly
cÃ©mies.All patients underwent PET and SPECT studies to evaluate
myocardial viability in dyssynergic myocardium. The mean time
interval between the PET and SPECT studies was 34 Â±20 days
(range 6-62 days). The investigators analyzing the PET, SPECT or
echocardiographic data were unaware of the results of the other
modalities. Cardiac catheterization was performed in 18 patients
within 3 mo of the scintigraphic studies.

None of the patients experienced unstable angina pectoris or
myocardial infarction during the study period. Cardiac medication
remained unchanged during the entire study period. All patients
gave informed consent to the study protocol that was approved by
the Ethical Committee of the Free University Hospital Amsterdam.

Two-Dimensional Echocardiography

Echocardiography was performed within 2 wk of the scinti
graphic studies. Four standard views of the left ventricle were
obtained: parasternal long- and short-axis views and apical two-
and four-chamber views. The images were reviewed off-line and
consensus was achieved by two observers unaware of the PET/
SPECT data. For comparison with the PET/SPECT data (Fig. 1)
the left ventricle was divided into 13 segments (12). Both wall
motion and thickening were analyzed. Each segment was assigned
a wall motion score (WMS) of 0 to 3: normal = 0, hypokinetic =
1, akinetic = 2 and dyskinetic = 3.
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