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The use of nitrates is reported to be effective in viability detec-
tion in scintigraphic perfusion imaging. The purpose of the study
was to evaluate the effect of nitroglycerin (NTG) on myocardial
blood flow (MBF) and coronary vascular resistance (CVR) in
various segments characterized by rest-redistribution 201Tl
SPECT. Methods: Twenty-three patients with coronary artery
disease underwent rest-redistribution 201Tl SPECT and 15O-la-
beled water PET at rest and after NTG spray (0.3 mg). In addi-
tion, 11 healthy volunteers were also studied using PET. Re-
sults: NTG did not change global MBF in the volunteers or in the
patients. In segments with normal 201Tl uptake and in those with
a severe irreversible 201Tl defect, NTG significantly reduced MBF
without changing CVR. NTG reduced CVR in segments with a
reversible 201Tl defect (141 � 50 to 114 � 29 mm Hg/[mL/min/g],
P � 0.004) and in those with a mild-to-moderate irreversible
201Tl defect (165 � 64 to 149 � 60 mm Hg/[mL/min/g], P �
0.003), while maintaining MBF. Conclusion: NTG preferentially
reduces CVR in the viable myocardium with ischemia. After
NTG, tracer uptake in the ischemic myocardium will be relatively
increased compared with that in the nonviable and nonischemic
myocardium, leading to improvements in viability detection.
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Myocardial scintigraphic perfusion imaging has long
been used for the assessment of myocardial viability (1–12).
Recently, several investigations have indicated that the use
of nitrates in perfusion imaging is effective in the detection
of viable myocardium and for prognostic assessment (13–
20). However, few data are available on the absolute change

in myocardial blood flow (MBF) after nitrates in the ische-
mic and the nonischemic human myocardium. Using PET,
therefore, we have investigated the effect of nitroglycerin
(NTG) on MBF in the various segments characterized by
201Tl rest-redistribution SPECT in patients with coronary
artery disease. In addition, we have also used PET to mea-
sure flow in healthy human subjects at rest and after NTG
spray to examine the effect of NTG on global MBF.

MATERIALS AND METHODS

Subjects
Twenty-three patients with angiographically proven coronary

artery disease who were recruited in our department for a viability
assessment were consecutively studied. Sixteen of the patients had
experienced a previous myocardial infarction that occurred at least
2 mo before the study. The clinical characteristics of each patient
are provided in Table 1.

All patients underwent rest–4-h 201Tl SPECT and PET flow
quantification at rest and after a lingual NTG spray. These 2
studies were performed within 1 wk, during which time the con-
dition of the patients was stable. All cardiac medications, except
sublingual NTG, were discontinued for at least 48 h before the
study. In addition, 11 healthy male volunteers (mean age, 25 �
5 y) were studied with PET at rest and after NTG spray. None of
the volunteers had a history of diabetes, hypertension, cardiovas-
cular disease, or smoking. Entrance criteria included normal heart
rate, normal blood pressure, and normal resting and stress electro-
cardiography (ECG) findings. Written informed consent was ob-
tained from each subject before the study, which had been ap-
proved by the Kyoto University Ethics Committee.

PET Imaging
Each subject was positioned in the gantry of the PET camera

(Advance; General Electric Medical Systems) with the aid of
ultrasound. The characteristics of this camera have been described
previously (21). The spatial resolution of the reconstructed clinical
PET images is �8 mm in full width at half maximum at the center
of the field of view, and the axial resolution is �4 mm (21).

A 10-min transmission scan using 2 rotating 68Ge pin sources
was made for the attenuation correction. After a transmission scan,
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the subjects were asked to inhale 15O-CO for 2 min. After inhala-
tion, carbon monoxide was allowed to combine with hemoglobin
in red blood cells for 3 min before a 4-min static scan was started.
During the scan, 3 blood samples were drawn at 2-min intervals
and the radioactivity in these samples was measured. Ten minutes
were allowed for decay of 15O-CO radioactivity before the flow
measurements. At baseline, approximately 740 MBq of 15O-H2O
were injected intravenously over 2 min, and a 20-frame dynamic
PET examination was performed for 6 min consisting of 6 � 5-s,
6 � 15-s, and 8 � 30-s frames (21). In addition, 15O-H2O was
injected 5 min after lingual administration of NTG (Myocor spray,
0.3 mg; Toa Eiyo Co.) and serial images were recorded using the
same sequence. All data were corrected for dead time, decay, and
photon attenuation. Heart rate, arterial blood pressure, and ECG
were monitored continuously during the PET studies. Heart rate
and arterial blood pressure obtained during the first 4 min of each
dynamic image acquisition sequence were averaged to calculate
the rate–pressure product (RPP) and mean arterial blood pressure.

SPECT Imaging
For the patients, 111 MBq of 201Tl were administered intrave-

nously under resting conditions. SPECT images were acquired 15
min and 4 h after injection using a dual-head gamma camera
(Millennium; General Electric Medical Systems) equipped with a
high-resolution collimator (30 projections over 180°, 50 s per
projection) (22,23). The first SPECT examination was performed
with ECG gating (8 frames per cardiac cycle). Two energy win-

dows were used, that is, 30% windows centered on the 70-keV
peak and on the 167-keV peak.

Region-of-Interest (ROI) Definition
For each patient, measurements of regional 201Tl activity and

PET flow quantification were performed on the short-axis slice.
The left ventricle was divided into 5 equidistant short-axis slices
using the vertical long-axis image in 201Tl rest-redistribution
SPECT images, as shown in Figure 1. Similarly, PET data were
reoriented into the short-axis plane. The extravascular density

TABLE 1
Clinical Characteristics of Patients

Patient
no.

Age
(y) Sex

LVEF
(%)

History
of MI

Coronary stenosis

Collateral vesselsRCA LAD LCX

1 84 M 35 � 90 90 75
2 80 M 43 � 90 90 0
3 71 M 62 � 100 90 100 LAD3 RCA, LAD3 LCX
4 74 M 56 � 0 90 0
5 50 F 40 � 100 90 99 RCA3 RCA
6 53 F 51 � 100 99 100 RCA3 RCA, RCA3 LAD, LCX3 LCX
7 57 M 60 � 75 75 90
8 76 M 30 � 0 90 0
9 73 M 32 � 75 90 75

10 61 M 47 � 0 75 90
11 74 F 39 � 90 99 90
12 59 M 42 � 100 99 50
13 55 M 50 � 50 90 90
14 55 M 50 � 0 90 75
15 64 M 23 � 100 99 99
16 57 M 37 � 100 90 75 LAD3 RCA
17 73 M 41 � 0 90 75
18 76 M 36 � 0 90 90
19 77 M 40 � 0 75 90
20 64 M 61 � 90 75 0
21 76 F 55 � 90 75 90
22 72 M 60 � 50 75 50
23 69 M 46 � 90 99 90

Mean 67.4 45.0
SD 9.8 10.8

LVEF � left ventricular ejection fraction; MI � myocardial infarction; RCA � right coronary artery; LAD � left anterior descending
coronary artery; LCX � left circumflex artery.

FIGURE 1. Schematic presentation of ROI definition. Twelve
ROIs were determined in the 3 short-axis slices.
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images and extravascular 15O-H2O images, obtained by 15O-CO
images, transmission images, and 15O-H2O dynamic images, were
used for the delineation of the myocardium (24). There is a
concern that edge slices of the apical and basal side may not
contain a substantial amount of myocardium. When sufficient
myocardium is not included in the slice, underestimation of 201Tl
activity is expected and PET flow quantification can be erroneous.
Therefore, these slices were excluded from the analysis. Finally,
12 segments of the left myocardium, as shown in Figure 1, were
analyzed in PET and SPECT studies.

SPECT Data Analysis
The left ventricular ejection fraction was obtained from the

ECG-gated SPECT and a commercially available automated algo-
rithm (Table 1) (22,23,25). Segment tracer activity was calculated
as the total of the normalized counts of the pixels divided by the
number of pixels included within the segments. The segment with
maximal activity was normalized to 100, and the activity of the
other segments was expressed as a percentage of the activity of the
peak segment. A 201Tl defect was defined when 201Tl activity was
�80% (4,6). Redistribution was defined when relative 201Tl activ-
ity at 4-h imaging increased �12% above the initial value (6). A
persistent defect at 4-h imaging was classified as mild-to-moderate
when 201Tl activity was �50% of maximal activity and severe
when 201Tl activity was �50% of maximal activity (6).

PET Data Analysis
The arterial input function was obtained from the left ventric-

ular time–activity curve using a previously validated method in
which corrections were made for the limited recovery of the left
ventricular ROI and the spillover from the myocardial activities
(26). Values of regional MBF (mL/min/g) were calculated
according to the previously published method using a single-
compartment model (27,28). The method we used to calculate
MBF is theoretically free from the partial-volume effect or wall
motion (27).

In addition, whole-heart MBF was determined by defining ad-
ditional ROIs, each drawn to encompass the whole of the left
ventricle within each image plane. To obtain global MBF, a single
whole-heart time–activity curve was created by these time–activity
curves, taking into account the difference in size of each ROI.
Thus, whole-heart and regional values of MBF were obtained. As

an index of the homogeneity of flow distribution, the coefficient of
variation (COV) was derived for MBF at rest and after NTG spray.
The COV was calculated as the SD divided by the mean of the
whole-heart MBF values, expressed as a percentage (24).

To relate blood pressure as an index of coronary perfusion
pressure to the blood flow, an index of coronary vascular resistance
(CVR) (mm Hg/[mL/min/g]) was calculated as the ratio of mean
arterial pressure to MBF (21,24,29).

The RPP is known to be a marker of cardiac work, which affects
MBF (29). Therefore, MBF normalized by cardiac work was
derived from the ratio of MBF (mL/min/g) to RPP (bpm � mm
Hg) � 104.

Statistical Analysis
Statistics were calculated with a commercially available per-

sonal computer software program (StatView-J 4.5; Abacus Con-
cepts, Inc.). Values are expressed as the mean � SD. Differences
before and after NTG were compared with Student’s paired t test.
A value of P � 0.05 was considered statistically significant.

RESULTS

Hemodynamic Responses to NTG
Hemodynamic data at rest and after NTG spray are

shown in Table 2. Diastolic and systolic blood pressure
decreased after NTG spray compared with the values at rest
in patients (P � 0.05) and in healthy volunteers (P � 0.05).
Heart rate increased significantly after NTG administration
in patients (P � 0.0001) and in healthy volunteers (P �
0.01). The RPP did not significantly change after NTG
spray in patients or in healthy volunteers.

Global MBF and CVR at Rest and After NTG
The global MBF values at rest and after NTG are also

given in Table 2. Global MBF did not differ significantly at
rest and after NTG in healthy volunteers (0.76 � 0.11 vs.
0.77 � 0.12 mL/min/g, P � 0.845). Global MBF tended to
decrease after NTG spray, but the decrease did not show
statistical significance in patients (0.80 � 0.26 to 0.74 �
0.23 mL/min/g, P � 0.075). MBF normalized by the RPP
did not significantly change after NTG spray in the healthy

TABLE 2
Hemodynamic Data and Whole Left Ventricular Perfusion and Vascular Resistance at Baseline and

After Nitroglycerin Spray

Parameter

Patients Volunteers

Baseline NTG Baseline NTG

Heart rate (bpm) 59.8 � 8.6 65.0 � 9.8* 59.6 � 4.9 65.3 � 6.2
Systolic BP (mm Hg) 131.7 � 21.2 117.0 � 21.8* 109.0 � 8.0 104.0 � 8.1
Diastolic BP (mm Hg) 77.6 � 15.3 70.8 � 9.1† 56.0 � 5.6 50.5 � 4.2
RPP (bpm � mm Hg) � 104 7,935 � 1,897 7,551 � 1,502 6,507 � 799 6,802 � 984
Whole-heart MBF (mL/min/g) 0.80 � 0.25 0.74 � 0.22 0.76 � 0.11 0.77 � 0.12
MBF/RPP* 10,000 1.01 � 0.26 0.99 � 0.26 1.09 � 0.31 1.04 � 0.33
Whole-heart CVR (mm Hg/[mL/min/g]) 130.1 � 39.6 126.4 � 44.3 98.4 � 16.3 90.4 � 13.3

*P � 0.0001 vs. baseline.
†P � 0.05 vs. baseline.
BP � blood pressure.
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volunteers (1.09 � 0.31 to 1.04 � 0.33 [(mL/min/g)/(mm
Hg/min) � 104], P � 0.490) or in the patients (1.01 � 0.26
to 0.99 � 0.26 [(mL/min/g)/(mm Hg/min) � 104], P �
0.537). Moreover, global CVR was not significantly altered
after NTG spray in healthy volunteers (98.4 � 16.3 to
90.4 � 13.3 [mm Hg/(mL/min/g)], P � 0.149) or in patients
(130.1 � 39.6 to 126.4 � 44.3 [mm Hg/(mL/min/g)], P �
0.460).

The COV of MBF at rest and after NTG spray did not
differ significantly in the healthy volunteers (10.8% � 5.7%
vs. 10.9% � 4.5%, P � 0.989). In contrast, the COV of
MBF decreased significantly after NTG spray in the patients
(27.4% � 9.8% to 23.6% � 9.1%, P � 0.016). Thus, flow
disparity among the myocardial segments was reduced after
NTG spray in the patients with coronary artery disease.

SPECT Distribution Pattern in Patients
A total of 276 myocardial segments were analyzed in 23

patients. Of these, 151 (54.7%) had normal 201Tl uptake, 28
(10.1%) showed a reversible 201Tl defect, and 97 (35.1%)
showed a fixed 201Tl defect. Of the 97 fixed defects, 81
(29.3%) were mild-to-moderate and 16 (5.8%) were severe.
Among the 28 segments showing a reversible 201Tl defect, 2
showed a severe defect and 26 showed a mild-to-moderate
201Tl defect in the initial rest images.

Regional MBF and CVR at Rest and After NTG in
Relation to Thallium Uptake Pattern

MBF and CVR at rest and after NTG in relation to
rest-redistribution 201Tl SPECT findings are illustrated in
Figures 2 and 3, respectively.

In segments of normal 201Tl uptake, MBF significantly
decreased after NTG spray (0.91 � 0.35 to 0.78 � 0.29
mL/min/g, P � 0.0001) (Fig. 2). In contrast, CVR did not
change significantly after NTG administration (122 � 51 to
127 � 55 mm Hg/[mL/min/g], P � 0.206) (Figs. 3 and 4).

MBF tended to increase after NTG spray in the segments
with a reversible 201Tl defect despite the decline in perfusion
pressure after NTG spray, but the increase was not signifi-
cant (0.84 � 0.28 to 0.88 � 0.22 mL/min/g, P � 0.395)
(Fig. 2). MBF did not significantly change in segments with
a mild-to-moderate irreversible 201Tl defect (0.66 � 0.27 to
0.64 � 0.22 mL/min/g, P � 0.917). Notably, CVR showed
a significant reduction after NTG in segments with a revers-
ible 201Tl defect (141 � 50 to 114 � 29 mm Hg/[mL/min/g],
P � 0.004) (Figs. 3 and 4) and in those with a mild-to-
moderate irreversible 201Tl defect (165 � 64 to 149 � 60
mm Hg/[mL/min/g], P � 0.003) (Fig. 3).

In the segments with a severe irreversible 201Tl defect,
NTG decreased MBF (0.52 � 0.17 to 0.42 � 0.07 mL/
min/g, P � 0.024) (Fig. 3) without changing CVR (215 �
47 to 230 � 20 mm Hg/[mL/min/g], P � 0.297) (Fig. 4).

DISCUSSION

The current results indicate that NTG does not necessar-
ily increase global or regional MBF in the absolute term in
patients with coronary artery disease or in healthy volun-
teers. However, NTG preferentially reduces CVR in regions
with a reversible 201Tl defect or in those with a mild-to-
moderate irreversible 201Tl defect, without changing CVR in

FIGURE 2. MBF at rest and after NTG,
compared with rest-redistribution 201Tl
SPECT findings.
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segments with normal 201Tl activity or in segments with a
severe irreversible 201Tl defect.

It is well known that NTG relieves anginal pain in pa-
tients with coronary artery disease. It has been observed that
NTG dilates the epicardial coronary artery (30,31), espe-
cially at sites of stenosis (31), and collateral vessels (32) on
coronary angiography. However, there is a controversy over

the effect of NTG on MBF. The proposed mechanism of
action of NTG in the relief of angina pectoris involves 2
types of effects: redistribution of coronary blood flow
(33,34), and a decrease in the myocardial oxygen require-
ment though changing the preload and afterload without
significantly changing flow (35–37). Currently, PET is con-
sidered one of the most reliable noninvasive methods to
assess regional MBF (21,24,26–29,34). However, few
studies have investigated the effect of NTG on MBF using
PET (34).

In our observations, neither global MBF nor RPP-nor-
malized global MBF was significantly altered after NTG in
the patients or in the healthy volunteers (Table 2), and these
findings agree well with those of the previous reports
(34,35). Thus, NTG is considered to have little effect on
global left ventricular circulation. In terms of regional MBF,
Horwits et al. reported that NTG improved perfusion in
regions of ischemic myocardium in a study using direct
intramyocardial injection of an inert radioactive gas to mea-
sure regional myocardial circulation (33). In addition,
Fallen et al. demonstrated that NTG altered MBF, prefer-
entially increasing the blood flow to areas of reduced per-
fusion with little effect on global MBF, using PET and 13N
ammonia (34). In the current study, however, NTG did not
significantly increase MBF in the ischemic segments (Fig.
2). This difference may be attributed to the difference in
hemodynamic response to nitrates. In the studies cited
above, NTG did not significantly change blood pressure or
heart rate (33,34). In the current study, however, NTG spray
significantly reduced arterial blood pressure. Thus, the dif-
ference in regional MBF response to NTG is thought to be

FIGURE 3. CVR at rest and after NTG,
compared with rest-redistribution 201Tl
SPECT findings.

FIGURE 4. Short-axis images of rest and redistribution 201Tl
SPECT for patient who shows reversible perfusion defects in
anterior and septal regions. In midventricular septum, CVR de-
creased after NTG spray from 151 to 126 mm Hg/(mL/min/g),
whereas CVR did not significantly change in lateral wall with
normal 201Tl activity (130 vs. 132 mm Hg/[mL/min/g]).
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related to the difference in coronary perfusion pressure after
NTG. However, we have observed that NTG preferentially
reduced CVR in segments with a reversible 201Tl defect or
those with a mild-to-moderate irreversible 201Tl defect,
without changing CVR in segments with normal 201Tl up-
take (Fig. 3). In addition, the COV of MBF decreased
significantly after NTG spray in patients. Therefore, the
current findings do not contradict the results of previous
studies indicating that NTG redistributes coronary blood
flow from the nonischemic to the ischemic region (33,34).

Recently, several investigations suggested the effective-
ness of NTG for the evaluation of myocardial viability and
prognosis (13–20). Rest-redistribution 201Tl imaging has
been considered a method of choice for viability assessment
(1,2,4–6,12). According to various reports, segments with
an irreversible severe reduction of 201Tl activity were gen-
erally considered nonviable, whereas all other segments
were considered viable (1,2,4,6). Myocardial segments with
a reversible 201Tl defect or those with a mild-to-moderate
irreversible 201Tl defect are considered viable myocardium
with ischemia (6). In addition, regions with normal 201Tl
uptake are considered nonischemic. In the present study,
NTG preferentially reduced CVR in these viable myocardial
segments with ischemia (Figs. 3 and 4). On the other hand,
it did not change CVR in the nonischemic myocardium
(Figs. 3 and 4) or the nonviable myocardium (Fig. 3). The
change in vascular tone caused by NTG has reduced the
flow disparity in the viable myocardium (regions with nor-
mal 201Tl uptake, those with a reversible 201Tl defect, and
those with a mild-to-moderate irreversible 201Tl defect),
preserving the flow difference between the viable and the
nonviable myocardium (regions with severe irreversible
201Tl defect) (Fig. 2). In other words, the changes of CVR
caused by NTG will relatively augment flow tracer uptake
in the viable myocardium with ischemia, compared with
that in the nonischemic or the nonviable myocardium. Thus,
administration of a myocardial perfusion tracer after the
load of nitrates is considered to be an effective approach to
identify viable myocardium.

The reduction in CVR in the viable myocardium with
ischemia could be caused by the dilatation of epicardial
coronary stenosis (31) and the collateral vessels (32). How-
ever, CVR in the nonviable myocardium might not be
reduced, probably because of damage in the myocardium
itself or the microcirculation, despite the dilatation of these
vessels. On the other hand, CVR in the nonischemic myo-
cardium may mainly be determined by the small microves-
sels, on which NTG has little effect (38).

The current study has some limitations. First, the patient
population is not typical for viability assessment. Many
patients had preserved left ventricular function. Second, a
201Tl rest-redistribution study is not an ideal reference stan-
dard for viability assessment. In addition, no attenuation
correction was performed for the 201Tl data. Regional 201Tl
uptake was not compared with a normal database, possibly
leading to a misclassification of some viable segments.

However, many of the studies have used the single threshold
value and have obtained clinically satisfactory results (4,6).
Thus, it is unlikely that the use of a single threshold value
would have substantially affected our results. Finally, the
modality and dosage of nitrate administration could have
had some influence on the results.

CONCLUSION

NTG does not necessarily increase global or regional
absolute MBF in patients with coronary artery disease or in
healthy volunteers. However, NTG preferentially decreased
CVR in the viable myocardium with ischemia without al-
tering CVR in nonischemic or nonviable myocardium. The
changes in CVR caused by NTG will relatively increase
flow tracer uptake in viable myocardium with ischemia, in
comparison with flow tracer uptake in nonischemic or non-
viable myocardium. Thus, administration of a flow tracer
after NTG is considered effective in identifying viable myo-
cardium.
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