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Dipyridamole SPECT detects significant coronary artery disease
(CAD) in patients without aortic stenosis. This study was done to
establish normal 2°'T1 distribution limits in patients with aortic
stenosis and to apply these normal limits to patients with aortic
stenosis and angiographically significant CAD (=75% area re-
duction). Methods: Fifty-two patients (mean age 68 yr; mean
valve area 0.67 cm?) were examined with 2°'TI SPECT after
dipyridamole infusion (0.56 mg/kg during 4 min). After tomo-
graphic reconstruction, basal, mid-ventricular and apical short-
axis slices were selected. The highest activity in each six-degree
segment was normalized to the maximal activity of each slice.
Results: Significant CAD was found in 24 patients. Five patients
without CAD, but with localized hypokinesia or left bundle-branch
block, were excluded from the reference group which finally
consisted of 16 patients. Sensitivity for CAD was 88% when the
lowest relative activity in each segment was used as the lower
limit of normal. With —2 s.d. and —2.5 s.d. curves the sensitivity
was 83% and 75%, respectively. Gender-specific limits were not
used. Nonsignificant CAD was found in seven patients (<75%
stenoses). Conclusions: This study presents the normal distri-
bution of 2°'T1 uptake for patients with aortic stenosis, using
dipyridamole SPECT. The range method had the highest sen-
sitivity for detection of significant CAD.
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In patients with aortic stenosis, the valve area can be
determined noninvasively with two-dimensional and
Doppler echocardiography (/-5). Simultaneously, addi-
tional valve lesions as well as left ventricular function can
be assessed (6-9).

Concomitant coronary artery disease (CAD) is frequent
in patients with aortic stenosis (10) making it necessary to
exclude or confirm CAD prior to surgery. Angina pectoris
is not a reliable predictor of CAD in adult patients with
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aortic stenosis (/1) and preoperative coronary angiography
is performed in most institutions.

SPECT can detect significant CAD in patients without
concurrent aortic stenosis (12, 13). However, the presence
of aortic stenosis introduces difficulties in the scintigraphic
evaluation. Increased wall stress, left ventricular hypertro-
phy and shortened coronary perfusion time may alter the
scintigraphic images even in the absence of CAD. Exercise
stress tests with 2'T1 planar imaging (14-16) or with *'Tl
SPECT (17) have been used to assess CAD in patients with
aortic stenosis. Dipyridamole can be used to achieve a near
maximal increase in coronary blood flow prior to thallium
administration (18, 19). Dipyridamole has been used with a
handgrip test and planar Z'Tl imaging in patients with
aortic stenosis (20), and dipyridamole 2°*TI SPECT has
also recently been used in a small number of patients with
aortic stenosis (21). Dipyridamole cardiac imaging has
been found to be a reasonably sensitive and safe method to
assess CAD in patients with known or suspected cases
(22,23). The normal limits of dipyridamole °'T1 distribu-
tion within the myocardium has been presented for patients
without aortic stenosis and CAD (24). This “‘normal dis-
tribution’’ in patients with aortic stenosis but without CAD
has not been established previously.

The aim of this study was to establish the normal limits
for the distribution of %°'T1 in patients with aortic stenosis
without CAD using dipyridamole 2°'T1 SPECT and to ap-
ply these normal limits to a group of patients with aortic
stenosis and angiographically verified CAD.

MATERIALS AND METHODS

Patients

Fifty-two patients (28 males and 24 females, age range 44-79
yr; mean age, 67.7 yr) with aortic stenosis undergoing investiga-
tion prior to possible replacement of the aortic valve were in-
cluded. Six patients had a history of previous myocardial infarc-
tion, 13 had a history of previous syncope and 37 had angina
pectoris. Two patients were in functional class II, 48 in class III
and 2 in class IV according to the NYHA classification.

Informed consent was given by all patients. The study was
approved by the hospital ethics committee.



Echocardiography

Aortic valve area was calculated using echo-Doppler and the
continuity equation (6). The peak gradient was obtained using
continuous Doppler (7). Concomitant aortic or mitral regurgita-
tion was assessed with color flow imaging and was graded as
absent, slight, moderate or severe. Left ventricular wall motion
was assessed using two-dimensional echocardiography. Myocar-
dial mass was calculated using measurements made according to
American Society of Echocardiography criteria and the cube for-
mula of Troy et al. (25,26). Myocardial mass was corrected for
body surface area. Left ventricular myocardial mass index was
calculated as:

LVMI = 1.04[(IVS + LVDd + PW)’ - (LVDd)’})/BSA,

where IVS is thickness of septum (cm); LVDd is left ventricular
diastolic internal diameter (cm); PW is thickness of posterior wall
(cm); and BSA is body surface area (m?).

A myocardial mass index >150 g/m? for men and >120 g/m? for
women was regarded as myocardial hypertrophy (27).

Equilibrium Radionuclide Angiography

Left ventricular ejection fraction (EF) was obtained in 50 pa-
tients (two patients with missing data) using a standard radionu-
clide equilibrium method.

Dipyridamole Thallium-201 SPECT

Dipyridamole (0.56 mg/kg body weight) was dissolved in 250 ml
saline and infused intravenously during 4 min with the patients in
a supine position. No additional stress was used. Two minutes
after conclusion of the infusion, 74 MBq of 2°'Tl was injected and
2 min thereafter 115 mg theophylline was slowly administered
intravenously (28). A 12-lead electrocardiogram was monitored
and cuff blood pressure was measured every second minute dur-
ing the procedure.

Imaging started within 10 min after the injection of 2Tl using
a GE400T gamma camera with a low-energy high-resolution par-
allel-hole collimator. A dual-windowing technique was used with
a 40% window centered around the 68-80-keV peak and a 15%
window centered around the 158-keV peak. Thirty-two 40-sec
images were acquired using 180° counter clockwise rotation start-
ing from a left posterior oblique view. The images were acquired
on a Gamma 11 computer system using a 32 X 32 matrix, and
tomographic reconstructions were performed using filtered back-
projection. The reconstructed short-axis images were transferred
to a Macintosh IIsi computer for further evaluation. Image anal-
ysis was made using software based on ‘‘Image,” (National Insti-
tutes of Health Research Service Branch, NIMH). A basal, mid-
ventricular and apical short-axis slice were manually selected. For
each selected slice, the outer boundary of the myocardium was
defined by the operator. Starting at the “‘3 o’clock’ position and
moving clockwise, the computer program divided the slice into
six-degree segments and the highest activity in each segment was
normalized to the highest activity in any segment in the slice. The
relative activity in each segment was then plotted (Figs. 1 and 2).
The procedure was similar, but not identical, to a previously
described procedure (24). Vascular territories were assigned for
each slice as follows: The 147°-315° segment was assigned to the
left anterior descending coronary artery (LAD), the 316°-63° seg-
ment was assigned to the left circumflex coronary artery (LCX)
and the 64°-146° segment to the right coronary artery (RCA).
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FIGURE 1. Quantitative analysis techniques. After operator de-
termination of the outer boundary of the myocardium, the computer
divides the cardiac image into 60 six-degree segments, and the
maximal activity within each segment is measured.

Coronary Angiography

Coronary angiography was performed in all patients using the
Judkins technique with multiple angulations. A visually assessed
area reduction of at least 75% in at least one coronary artery or
major branch was considered as angiographically significant
CAD. All angiograms were evaluated by two independent observ-
ers and disagreement was solved by majority decision through a
third observer.

Statistics

Student’s two-tailed paired and unpaired t-test was used. A p
value less than 0.05 was considered to be statistically significant.
Mean and standard deviation was calculated from the normalized
activity curves.

RESULTS

Echocardiography
The mean aortic valve area for the study population was
0.67 cm? (s.d. 0.26) with a range of 0.34-1.34 cm?. The
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FIGURE 2. Thallium-201 distribution for the patient in Figure 1
(the midventricular plane from a patient with normal coronary angio-
gram).

The Journal of Nuclear Medicine ® Vol. 35 ® No. 6 * June 1994



TABLE 1
Hemodynamic Effects of Dipyridamole Infusion*

Before After
dipyridamole dipyridamole p value
Heart rate Beats/min, mean (s.d.) 70 (15) 84 (16) 0.0001
Systolic blood pressure mmHg, mean (s.d.) 139 (23) 134 (23) 0.01
Diastolic blood pressure mmHg, mean (s.d.) 81 (12) 78 (12) 0.03

*There was a significant increase in heart rate and a small but significant decrease in both systolic and diastolic blood pressure (n = 52).

mean peak Doppler gradient was 85 mmHg (s.d. 34), range
23-163 mmHg. Nineteen patients had a slight mitral regur-
gitation and eight a moderate mitral regurgitation. Aortic
regurgitation was present in 21 patients, slight in 18 and
moderate in 3. No patient had severe aortic or mitral re-
gurgitation. Mean LVMI was 206 (s.d. 69) g/m?, ranging
from 112 to 441 g/m* and 89% of the males and 92% of the
females had myocardial hypertrophy.

Equilibrium Radionuclide Angiography

Mean ejection fraction measured in 50 patients (two
patients with missing data) was 53% (range 18%-73%, s.d.
14%). Two patients had EF < 20%, with no signs of CAD
according to angiography, but they were both excluded
from the reference group due to severe hypokinesia shown
by echocardiography.

Coronary Angiography

The 52 patients were divided into three groups according
to angiography. Group 1 consisted of 21 patients with no
angiographic signs of CAD, Group 2 consisted of 24 pa-
tients with angiographically significant CAD (=75% area
reduction) and Group 3 consisted of seven patients with
coronary stenosis but <75% area reduction at angiogra-
phy.
Dipyridamole Thallium-201 SPECT

Sixteen patients reported angina during the infusion,
ranging from only a mild discomfort to strong chest pain
(0.5-6 on the 10-grade Borg scale) (29). The chest pain was
reversed by theophylline in all but a few patients who
required additional sublingual nitroglycerine. During dipyr-
idamole infusion, there was a significant increase in heart
rate and a small but significant decrease in both systolic
and diastolic blood pressure (Table 1). Forty patients
showed a ST-segment depression on the resting electrocar-
diogram. Seventeen patients had a lowering of the ST-
segment that was 1 mm or greater during dipyridamole
infusion. Three patients reported headache during the di-
pyridamole infusion. There were no serious complications.

Five of the 21 patients with no angiographic signs of
CAD had either a localized left ventricular hypokinesia
according to echocardiography (4 patients), suggesting a
previous myocardial infarction, or a left bundle-branch
block on the electrocardiogram (1 patient), and were ex-
cluded from the reference group. The reference group thus
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consists of 16 patients, 5 males and 11 females. The mean
activity curve, the lower limit of range curve, the -2 s.d.
and — 2.5 s.d. curves in each slice are presented in Figure 3.

If more than one six-degree segment fell below the lower
normal limit, the scintigraphic study was considered abnor-
mal. When the lower limit of range in the reference group
was regarded as the lower normal limit and applied to the
Group 2 patients with significant CAD (n = 24), the sensi-
tivity for detection of significant stenosis was 88% (21/24).
When -2 s.d. was used as the lower normal limit, sensi-
tivity was 83% (20/24). Sensitivity was 75% (18/24) using
—2.5 s.d. as the lower normal limit.

Seven patients had an angiographic area reduction of
less than 75% (Group 3 patients) and were considered to
have nonsignificant coronary stenoses. With the range ap-
proach four patients fell outside the lower normal limit.
Using -2 s.d. and —-2.5 s.d., three and two patients, re-
spectively, were considered to have pathological scinti-
grams.

Using the range method, 38 (69%) of 55 vessels with
significant stenosis were correctly identified. In 12 patients
with three-vessel disease, the extent of disease was cor-
rectly identified in seven patients. Twenty (53%) of the 38
vessels without significant stenosis were classified as scin-
tigraphically normal. All the 48 vessels in the reference
group were classified as normal. Overall, there was a
match in 106 (75%) of 141 vessel areas using the range
method.

The patients in the reference group had a slightly lower
LVMI, mean 191 g/m? (s.d. 80 g/m?) than the patients with
significant CAD, mean 199 g/m* (s.d. 55 g/m?). The differ-
ence was not statistically significant. The patients in the
reference group had a smaller aortic valve area than the
patients with CAD, mean 0.62 cm? (s.d. 0.24 cm?) and 0.76
cm? (s.d. 0.27 cm?) respectively, but the difference was not
statistically significant.

There was no difference in the frequency or severity of
aortic or mitral regurgitation between the patients in the
reference group and the patients with angiographically sig-
nificant CAD.

Left ventricular ejection fraction was higher in the ref-
erence group than in patients with CAD, 61% (s.d. 7%) and
54% (s.d. 13%), respectively, and the difference was al-
most statistically significant, p = 0.0503.
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FIGURE 3. Thallium-201 distribution for all patients in the refer-
ence group, e.g., the patients with no signs of CAD according to
angiography or echocardiography. The mean, the lower limit of
range, mean minus 2 s.d. and mean minus 2.5 s.d. are shown. (A)
basal plane; (B) midventricular plane; and (C) apical plane.

DISCUSSION

The fear of using vasodilator therapy in patients with
severe aortic stenosis is well established, however, recent
studies challenge this view and have even suggested ben-
eficial effects of afterload reduction in these patients
(30,31). Since the dipyridamole effects are reversible with
a suitable antidote such as theophylline, a noninvasive
diagnostic test which might spare the patient an invasive
examination should not be excluded.

The incidence of dipyridamole-provoked chest pain in
the present study is similar to the incidence reported in
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patients without aortic stenosis (23,28), but is higher than
the incidence reported using a dipyridamole handgrip test
(20). The latter may be due to the increase in systolic blood
pressure using a handgrip after dipyridamole, but may also
be due to differences in the study populations.

In the present study, dipyridamole infusion caused no
serious complications and none have been reported previ-
ously (20,21). Dipyridamole-2'Tl scintigraphy seems to be
a safe method even in patients with severe aortic stenosis.
To better assess the safety of the procedure, larger studies,
preferably from several institutions, are needed.

The present study shows that dipyridamole-**'T1 SPECT
can be useful in assessing the presence of CAD in elderly
patients with aortic stenosis. The sensitivity for angio-
graphically significant CAD in the present study is in the
same range as for patients without aortic stenosis (22) and
in the same range as re‘gorted using the dipyridamole hand-
grip test and planar “'Tl imaging (20). The sensitivity
found in the present study using the range method (88%) is
also in the same range as recently reported using exercise
20171 SPECT (17).

Using dipyridamole to increase coronary blood flow
makes it possible to investigate more patients since exer-
cise stress testing in patients with aortic stenosis and left-
ventricular failure may not be appropriate. The main
purpose of the noninvasive test was to identify patients
with concomitant CAD. Therefore, the lower limit of range
method, which yielded the highest sensitivity (88%), is
preferable. With this high sensitivity it might be possible to
exclude patients with scintigraphic findings within normal
limits from coronary angiography. Redistribution images
were not analyzed since the main purpose of the present
study was to reveal flow-limiting coronary stenoses.

Though rare, false-negative studies (3/24) must be con-
sidered. Angiography is the gold standard for determining
coronary artery anatomy, but the method has several lim-
itations (32,33). The interobserver variability may be re-
duced by quantitative computerized angiography. This
method was not available to us at the time of the present
study. Also, coronary angiography gives an estimate of the
anatomical narrowing of the arteries but the effect on blood
flow is only assumed (34). Therefore, both under- and
overestimation of the hemodynamic effect is possible. The
scintigraphic method also incorporates limitations, but
conceptually assesses relative coronary perfusion reserve
and may thus give a more physiologic measure of the
hemodynamic significance of coronary artery stenoses
than angiography. Complete agreement between coronary
angiography and scintigraphy cannot be expected.

The seven patients with definite but angiographically
insignificant CAD (Group 3) showed a spectrum of scinti-
graphic images. Regardless of which lower limit of normal
was applied (range, —2 s.d. or —2.5 s.d.), two patients had
scintigrams outside the normal limits and three patients
had normal scintigrams. This clearly suggests that the cor-
onary lesions in at least two of these patients might have
been hemodynamically significant even though they were
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considered to be insignificant at angiography. Scintigraphy
may reveal important information prior to surgery that can
help to determine if a coronary bypass should be per-
formed at the same time as valve replacement.

A beneficial effect of simultaneous valve replacement
and coronary bypass surgery in patients with aortic steno-
sis and significant coronary artery disease has been docu-
mented (35,36). We do not believe that these results can be
applied on the particular subgroup of patients where the
hemodynamic significance of a coronary stenosis is ques-
tionable. Valve replacement alone decreases myocardial
oxygen demand and will also normalize coronary flow pat-
terns (37).

The patients in this study were not compared to scinti-
graphic normal values in subjects without CAD and aortic
stenosis. The pattern of thallium distribution in our patients
with aortic stenosis but without CAD is similar to previ-
ously published patterns (24). The normal curves in the
present study tend to be lower in some regions than the
Iowa normals (24).

The value of a diagnostic method cannot be fully deter-
mined until specificity is evaluated; true specificity cannot
be determined from the present study. It is not appropriate
to calculate specificity on the same patient group used to
provide the range, —2 s.d. and —2.5 s.d. limits of normal.
Also, calculating the standard deviation from a material
that is normalized to the maximum is not universally con-
sidered to be statistically correct, however, it is a widely
used method and we think that it is feasible to describe the
lower limit of normal. To calculate specificity, a prospec-
tive study should be performed. Nevertheless, using the
range method, scintigraphy and angiography agreed in 75%
of 141 vessel territories indicating a fair specificity, espe-
cially since there was no attempt to correct for individual
variations in coronary anatomy or variation in coronary
perfusion regarding the apical region.

In this study, the low number of patients without CAD is
partly due to the exclusion of all patients with angiograph-
ically insignificant stenosis, e.g., an area reduction of less
than 75% from the normal group. Because of difficulties in
determining the hemodynamic effect of a stenosis by an-
giography, we only included patients without any sign of
CAD to calculate the normal distribution of 2°!'T1. Also,
patients were excluded from the reference group who had
an echocardiographically verified localized left ventricular
hypokinesia, which might be due to a previous myocardial
infarction thus causing a scintigraphic defect, as well as
one patient with left bundle-branch block, which is also
known to effect scintigraphic images. No patient with an-
giographically significant or insignificant coronary lesions
had a left bundle-branch block. Another reason for the low
number of patients without CAD in the present study is the
older age of the study population.

Gender differences in normal scintigraphic findings have
been reported (13). The present study does not include
enough patients to allow us to reliably calculate normal
limits for men and women separately. Even though no
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gender specific limits were used, we found a high sensitiv-
ity for angiographically significant CAD. With a larger pa-
tient group allowing separate normal limits for men and
women, the performance of the test may increase further.

CONCLUSION

The present study establishes the normal distribution of
2IT] uptake in patients with aortic stenosis using dipyri-
damole to increase coronary blood flow. We conclude that
dipyridamole ?°'T1 SPECT seems to be safe even in pa-
tients with aortic stenosis, however, larger studies are
needed to better assess safety. Computer-assisted evalua-
tion gives a high sensitivity for angiographically significant
coronary artery stenoses in patients with aortic stenosis
using the lower limit of range as the discriminating thresh-
old.
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