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Acetazolamide induced myocardial ischemia in patients
with severe coronary artery disease
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Acetazolamide (ACZ)-augmented brain SPECT is commonly used for evaluating cerebral vascular
reserve in patients with cerebrovascular disease. ACZ may cause myocardial ischemia in patients
with coronary artery disease. To evaluate the risk of induction of myocardial ischemia with ACZ-
augmented myocardial SPECT, we performed combined ACZ-augmented T1-201 myocardial
SPECT (ACZ-myo SPECT) with Tc-99m HMPAOQ brain SPECT in patients with severe coronary
artery disease. Methods: Nine patients underwent combined ACZ-myo SPECT with Tc-99m
HMPAO brain SPECT. (1) For qualitative analysis, SPECT images were divided into 13 segments
to calculate the total defect scores. (2) Six ROIs were placed on the slices in the myocardial SPECT
short-axis images and the regional uptake ratio was obtained as the ratio of the mean counts in the
myocardium to the maximal count in the slice. The total defect score and regional uptake ratio of
ACZ-myo SPECT were compared with those of early and delayed dipyridamole T1-201 myocardial
SPECT (DP-T1 SPECT) images. Results: (1) In the 21 coronary artery territories with coronary
stenosis = 75%, the total defect score in ACZ-myo SPECT, early and delayed DP-T1 SPECT
images were 3.52 £ 4.14*,4.19 +4.65* and 2.25 £ 3.34, respectively (*: p < 0.05 vs. delayed DP-
T1 SPECT images). (2) In 44 of 54 ROIs with coronary stenosis = 75%, the regional uptake ratio
of ACZ-myo SPECT, early and delayed DP-TI SPECT images were 0.670 = 0.166**, 0.677
0.194**, 0.721 + 0.178, respectively (**: p < 0.01 vs. delayed DP-TI SPECT images). Systolic
blood pressure fell at 11 min after ACZ infusion without electrocardiographic ST-T changes or
chest pain. Conclusion: As ACZ has the potential to cause myocardial ischemia, ACZ-augmented
brain SPECT should be performed with caution in patients with severe coronary artery disease
associated with cerebrovascular disease.
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INTRODUCTION

ACETAZOLAMIDE (ACZ), a carbonic anhydrase inhibitor, is
useful for evaluating cerebral vascular reserve in patients
with cerebrovascular disease.! Because patients with
coronary artery disease often have cerebral atherosclero-
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sis,>7 brain SPECT with ACZ has been applied for the
evaluation of perioperative cerebrovascular risk in cardio-
vascular surgery including coronary artery bypass sur-
gery.® We previously reported a case in which myocardial
SPECT with ACZ detected myocardial ischemia in a
patient with severe coronary artery disease.” We should
therefore assess the effect of ACZ on myocardial perfu-
sion to perform ACZ-augmented brain SPECT safely in
clinical usage. In the present study, we compared the
potential of ACZ to cause myocardial ischemia with that
of dipyridamole in patients with severe coronary artery
disease. '
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MATERIALS AND METHODS

Patients

We examined 9 patients (4 men and 5 women; mean age
66 5 yrs) with severe coronary artery disease who
required coronary artery bypass surgery. Three of nine
patients had previous myocardial infarction followed by
angina pectoris and six had effort angina without myocar-
dial infarction. Wall motion abnormalities in angiography
associated with abnormal Q waves in electrocardiograms
were defined as myocardial infarction. Effort angina was
defined as chest pain on effort with diagnostic electrocar-
diographic ST-T changes and significant coronary stenosis
(= 75%) in coronary angiography. None of the patients
underwent coronary revascularization during the acute
phase of the ischemic attack. Patient profiles are shown in
Tables 1 and 2. Upon carotid B-mode echography, the
maximum percent of stenosis was calculated from the
ratio of the residual lumen to the original diameter.'®
Seven patients had significant stenosis (= 75%) of the
internal or common carotid artery and two had no signifi-
cant stenosis of the internal carotid artery. All patients
needed an evaluation of cerebrovascular reserve to assess
perioperative cerebrovascular risk associated with coro-
nary artery bypass surgery.

Dipyridamole myocardial SPECT and combined ACZ-
augmented myocardial SPECT with Tc-99m HMPAO
brain SPECT

After giving informed consent, the patients underwent
combined ACZ-augmented thallium-201 myocardial
SPECT (ACZ-myo SPECT) with Tc-99m hexamethyl-
propyleneamine oxime (HMPAO) brain SPECT, and
dipyridamole thallium-201 myocardial SPECT (DP-TI
SPECT) over an average period of 15 £ 21 days (3-68
days). Their clinical condition remained unchanged be-
tween the two SPECT examinations. Fasting patients
were placed in the supine position with their eyes covered
by masks during the test.

ACZ (1,000 mg) was administered over a period of 1
min, and 111 MBq of TI-201 and 555 MBq of Tc-99m
HMPAO were simultaneously injected into the patients
10 min after ACZ infusion. Thallium-201 myocardial
SPECT and Tc-99m HMPAO brain SPECT were per-
formed 15 min and 1 hr post injection, respectively.
Dipyridamole (0.56 mg/kg) was infused over 4 min into
the supine patients. Three minutes thereafter, 111 MBq of
thallium-201 (T1-201) was injected, then early and de-
layed images were taken 15 min and 4 hr post injection,
respectively. Blood pressure and heart rate, as well as a
12-lead electrocardiogram were recorded at the baseline
and at 1-min intervals for 15 min and 9 min; during ACZ-
myo SPECT and DP-TI SPECT, respectively.
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Fig. 1 a) Schemes of segments for grading regional defects
qualitatively on myocardial SPECT images including the ante-
rior, anterolateral, anteroseptal, septal and apical segments in
the left anterior descending artery territory (LAD); the postero-
lateral and lateral segments in the left circumflex artery territory
(LCX); and the inferior segments in the right coronary artery
territory (RCA). b) Schemes of ROIs on myocardial SPECT in
the short-axis images including the anterior, anteroseptal and
septal ROIs in the left anterior descending artery territory, the
lateral and posterolateral ROISs in the left circumflex artery
territory and the inferior ROI in the right coronary artery
territory.

Fig. 2 Schemes of ROIs on the brain SPECT. (1: ROI in the
right cerebellum, 2: ROI in the left cerebellum, 3: ROI in the
right middle cerebral artery territory, 4: ROI in the left middle
cerebral artery territory, R: right.)

Data acquisition and processing

1) Myocardial SPECT

Myocardial images were taken by means of an L-shaped
two-headed SPECT system (VERTEX EPIC, ADAC
Co.) equipped with low-energy, general purpose collima-
tors. For ACZ-myo SPECT, a total of 30 projection
images were obtained over 180° in 6° increments, with 40
sec/step. The energy discriminator for T1-201 was cen-
tered on 70 keV during ACZ-myo SPECT, and on 70 keV
and 168 keV during DP-T1 SPECT, all of which were
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Total Defect Score

ACZz DP-early DP-delayed

Fig. 3 Comparison of the total defect scores among
acetazolamide-augmented myocardial SPECT, early and de-
layed dipyridamole-T1-201 myocardial SPECT images. (ACZ:
acetazolamide-augmented myocardial SPECT, DP-early: early
dipyridamole-T1-201 myocardial SPECT images, DP-delayed:
delayed dipyridamole-T1-201 myocardial SPECT images. *: p <
0.05 vs. delayed dipyridamole-T1-201 myocardial SPECT im-
ages.)

Regional Uptake Ratio

ACZ DP-early DP-delayed

Fig.4 Comparison of the regional uptake ratio among aceta-
zolamide-augmented myocardial SPECT, early and delayed
dipyridamole-T1-201 myocardial SPECT images. **: p < 0.01
vs. delayed dipyridamole-T1-201 myocardial SPECT images.
Other abbreviations as in Fig. 3.

performed with a 20% window. Crosstalk correction was
not employed. Filtered back-projection was performed
for both T1-201 myocardial imaging, with Ramp and
Butterworth filters to reconstruct the S mm thick trans-
verse tomogram slices.

2) Brain SPECT

Technetium-99m HMPAO brain SPECT was performed
with a ring-type gamma camera (SET 070 Headtome,
Shimadzu Co.) with an 8-mm FWHM. Image data from a
20-min acquisition in the SPECT study were collected in
a 128 x 128 matrix with a general purpose collimator. All
data were corrected for attenuation assuming a uniform
attenuation coefficient (0.1 cm™), and the tomographic
data were reconstructed by filtered back-projection.
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Assessment of the myocardial and brain SPECTs

1) Myocardial SPECT

The myocardial perfusion was assessed by the two meth-
ods mentioned below.

First, the myocardial wall was divided into 13 segments
by coronary artery territories for qualitative visual analy-
sis in ACZ and dipyridamole-augmented myocardial
SPECT images (Fig. 1a). Reconstructed tomographic
slices were interpreted by means of consensus of three
experienced observers unaware of the clinical and
angiographic findings. The defect score of the segments in
myocardial SPECTs was obtained by a visually grading
scale from 0 to 3; 0 = no defect, 1 = mild defect, 2 =
moderate defect, 3 = severe defect. The total defect score
of the myocardial SPECTs was the sum of the defect
scores in the coronary artery territories.

As the second method, six regions of interest (ROIs), 6
X 6 pixels (4.3 mm X 4.3 mm) in size, were determined
over the myocardium in the mid level of the short-axis
images. Each ROI was divided according to the coronary
arterial territories (Fig. 1b). The mean counts in each ROI
were measured, then the regional uptake ratio was ob-
tained as the ratio of the mean counts to the maximal
counts in the slices of the SPECTs.

2) Brain SPECT

Four ROIs were manually placed on the middle cerebral
artery territory and the cerebellum on the transverse slices
(Fig. 2). The mean count per voxel was estimated in each
ROL. If the mean count ratio of the middle cerebral artery
territory to that of the bilateral cerebellum was more than
0.90 in ACZ-augmented brain SPECT, the perfusion
reserve was considered to be normal.

Statistical analysis

Values are expressed as the means + SD. Comparisons of
two mean values were performed by using a paired t test
where p values < 0.05 were considered significant.

RESULTS

Comparison of acetazolamide and dipyridamole-aug-
mented myocardial SPECT findings

1) Qualitative analysis

Twenty-one coronary artery territories had significant
coronary stenosis. We compared the total defect score of
ACZ-myo SPECT with that of DP-TI SPECT. The total
defect scores of ACZ-myo SPECT, and that of early and
delayed DP-TI SPECT images were 3.52 +4.14,4.19
4.65 and 2.25 £ 3.34, respectively (Fig. 3). The total defect
score in ACZ-myo SPECT was significantly higher than
that in delayed DP-T1 SPECT images (p < 0.05) but not
significantly lower than that in early DP-TI SPECT im-
ages.

2) Semiquantitative analysis

A total of 54 ROIs were divided into two groups according
to the coronary artery territories; (1) Stenotic area: 44
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Fig. 5 Sequential change in blood pressure and heart rate after the injection of dipyridamole or
acetazolamide. (BP: blood pressure, DBP: diastolic blood pressure, HR: heart rate, SBP: systolic blood
pressure, other abbreviations as in Table 1. *: p < 0.05 vs. baseline.)

Table 1 Clinical, angiographic and scintigraphic data on coronary artery disease for study patients

Patient Age Sex Coronary Stenosis in coronary DP-TI SPECT ACZ-myo SPECT

number disease angiography CP ECG CP ECG
1 61 M AP LAD - - - -
2 76 F AP LMT, LAD, LCX + - - -
3 62 F AP LMT, LAD, LCX + + - -
4 59 F AP LAD, LCX, RCA + + - -
5 76 F AP LAD, LCX, RCA + + - -
6 65 M AP LAD, LCX, RCA - - - -
7 67 M OMI (I) + AP LCX,RCA - - - -
8 65 F OMI (I) + AP LAD, LCX, RCA - + - -
9 67 M OMI (A) + AP LAD, RCA - - - -

A: anterior, ACZ-myo SPECT: acetazolamide-augmented myocardial SPECT, AP: angina pectoris, CP: chest pain, DP-TI
SPECT: dipyridamole-thallium-201 myocardial SPECT, ECG: electrocardiographic ST-T change, F: female, I: inferior, LAD:
left anterior descending artery, LCX: left circumflex artery, LMT: left main trunk, M: male, OMI: old myocardial infarction,

RCA: right coronary artery, + : present, — : absent.

ROIs in the coronary artery territories with significant
coronary stenosis (2 75%), (2) Normal area: 10 ROIs in
those without significant stenosis. In the stenotic area, the
regional uptake ratios of ACZ-myo SPECT and early and
delayed DP-T1 SPECT images were 0.670 £ 0.166, 0.677
1 0.194 and 0.721 £ 0.178, respectively (Fig. 4). There
was a significant difference between ACZ-myo SPECT
and delayed DP-T1 SPECT images, and between early and
delayed DP-T1 SPECT images (p < 0.01, p < 0.01), but the
regional uptake ratio of ACZ-myo SPECT was equivalent
to that of early DP-T1 SPECT images. In the normal area,
the regional uptake ratios of ACZ-myo SPECT and early
and delayed DP-T1 SPECT images were 0.756 + 0.121,
0.804 £0.079 and 0.792 + 0.114, respectively. There was
no significant difference among them.

3) Clinical characteristics

The changes in blood pressure and heart rate after ACZ
and dipyridamole injections are shown in Figure 5. The
systolic blood pressure had fallen significantly at 11 min
after ACZ administration compared with that at baseline
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(p < 0.05) and the heart rate had increased significantly at
7 min after dipyridamole injection (p < 0.05). No chest
pain and no ST-T changes were observed on the electro-
cardiogram during ACZ infusion. Electrocardiographic
ST-T changes appeared and/or chest pain was evident in
5 patients with DP-T1 SPECT (Table 1). These ischemic
changes were relieved by an intravenous infusion of
60-125 mg aminophylline in 4 patients, and by an
aminophylline infusion combined with sublingual nitro-
glycerin in one patient.

Patient 6 is presented in detail. This patient had 99%
stenosis of the diagonal branch of the left anterior de-
scending artery, total occlusion of the obtuse marginal
branch, 75% stenosis of the left circumflex artery and 90%
stenosis of the right ventricular branch of the right coro-
nary artery. Left ventriculography showed normal wall
motion. Thallium-201 myocardial SPECT with ACZ re-
vealed defects in the anterior, anterolateral and inferior
walls. Early DP-TI SPECT images demonstrated incom-
pletely reversible perfusion defects in the anterior and
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anterolateral walls, and showed a fixed perfusion defect in
the inferior wall (Fig. 6). Figure 7 shows the regional
uptake ratios of the ACZ-myo SPECT and DP-TI SPECT
in Patient 6. The regional uptake ratio of the anterolateral
wall in ACZ-myo SPECT was higher than that in the
delayed image and lower than that in the early image in
DP-TI SPECT. ACZ-augmented Tc-99m HMPAO brain
SPECT revealed normal cerebral vascular reserve.

Brain SPECT images
The mean count ratios of the middle cerebral artery

ACZ DP-early DP-delayed

Short-Ax

Vertical-Ax

Horizn-Ax

Fig. 6 Myocardial SPECT images of Patient 6 with three-
vessel disease. Thallium-201 myocardial SPECT with acet-
azolamide, early and delayed dipyridamole-T1-201 myocardial
SPECT images were showed in the left, middle and right
column, respectively. Thallium-201 SPECT with acetazolamide
revealed defects in the anterior, anterolateral (arrowheads) and
inferior walls. DP-T1 SPECT images demonstrated incom-
pletely reversible perfusion defects in the anterior and antero-
lateral walls (arrowheads) and showed fixed perfusion defect
in the inferior wall. (Horizn-Ax: horizontal axis, Short-Ax: short
axis, Vertical-Ax: vertical long axis, other abbreviations as in
Fig. 3.)

territories to the cerebellum are showed in Table 2. Seven
of nine patients had stenosis (= 75%) in the middle
cerebral artery, but only one had decreased cerebral flow
reserve.

DISCUSSION

This study suggests that ACZ induces myocardial ischemia
in patients with severe coronary artery disease. The sever-
ity of the perfusion defects on ACZ-myo SPECT was not
significantly different from that on early DP-T1 SPECT
images but higher than that on the delayed images. These
findings suggest that ACZ may induce myocardial ischemia
as dipyridamole in patients with severe coronary artery
disease. ACZ-augmented brain SPECT should be per-
formed with caution in patients with severe coronary
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Fig. 7 Comparison of the myocardial uptake ratio among
acetazolamide-augmented myocardial SPECT, early and de-
layed dipyridamole-T1-201 myocardial SPECT images. (al:
anterolateral, ant: anterior, as: anteroseptal, inf: inferior, lat:
lateral, sep: septal, other abbreviations as in Fig. 3.)

Table 2 Clinical data on cerebrovascular disease and count ratio in brain SPECT
with acetazolamide for study patients

Mean count ratio

Patient Neurological Stenosm in ACZ Baseline
number symptom carotid echography
it MCA 1t MCA t MCA It MCA

1 TIA 1t ICA 95% 0.903 0.692F 0.985 0.840
2 faintness rt ICA 80% 0.963 0.942 no no
3 none rt CCA 75% 0.978 0.906 no no
4 none none 0.947 0.987 no no
5 faintness t ICA 80%, 1t ICA 75% 0.908 0.841 0.893 0.825
6 none rt ICA 80% 0911 0.913 no no
7 old CI rt ICA 100% 0.930 0.934 no no
8 faintness none 0.960 0.945 no no
9 none 1t ICA 90% 0.956 0.901 no no

ACZ: acetazolamide-augmented brain SPECT, CCA: common carotid artery, CI: cerebral infarction, ICA: internal carotid artery,
1t: left, MCA: middle cerebral artery territory, Mean count ratio: the mean count ratio of middle cerebral artery territory to
cerebellum, no: not done, rt: right, TIA: transient ischemic attack, 1: reduced cerebral blood flow reserve.
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artery disease combined with cerebral artery disease.

ACZ is a potent cerebral vasodilator that increases
cerebral blood flow within 2 min after injection.! In an O-
15 H,O PET study, ACZ induced a maximal vasoreactive
response of a 41% increase in cerebral blood flow 10 min
after ACZ injection at sites of normal perfusion.!! We
administered Tc-99m HMPAO and TI-201 for brain and
myocardial SPECT studies when the effect of ACZ was
maximal. The mechanism by which ACZ dilates cerebral
arteries is not fully understood, but one possibility is that
the inhibition of carbonic anhydrase increases intravascu-
lar carbon dioxide tension and alters blood flow.* Adeno-
sine triphosphatase activity in the rat heart is not affected
by ACZ' and the level of carbonic anhydrase in the
human heart is extremely low.!? Another vasodilation
mechanism functions in the direct action of ACZ on the
vascular smooth muscle that is unrelated to its ability to
inhibit carbonic anhydrase.! ACZ altered cardiac output
to a variable extent in the rat heart.'> ACZ also reduced
systolic blood pressure by 4%, peripheral vascular resis-
tance by 14% and increased the cardiac output ratio by
10% in patients with various cardiovascular diseases.'
ACZ might increase myocardial oxygen consumption by
increasing cardiac output, thus inducing myocardial
ischemia in patients with severe coronary artery disease
with low ischemic thresholds. Dipyridamole caused
ischemic changes on electrocardiograms or chest pain in
5 of 9 patients in the present study. Systolic blood pres-
sure fell at 11 min after ACZ infusion, but none of these
patients manifested electrocardiographic ST-T changes,
arrhythmia or chest pain. These results indicate that the
myocardial ischemia induced by ACZ is not accompanied
by symptoms or electrocardiographic signs of ischemia,
but the mechanism of this effect is unknown.

Dipyridamole, an adenosine uptake inhibitor, is a pow-
erful coronary vasodilator, and myocardial perfusion
scintigraphy with this agent demonstrates myocardial
ischemia.'*!¢ Dipyridamole causes coronary steal phe-
nomenon by shifting coronary flow from a stenotic to a
non-stenotic area.!” Dipyridamole also reportedly has a
vasodilatory effect on the cerebral arteries like that of
ACZ, which can induce cerebrovascular ischemia in
patients with cerebral artery disease.'®

Tc-99m HMPAO is used as a blood flow tracer in brain
SPECT because it is lipophilic and crosses the blood-
brain barrier. In the rat, Tc-99m HMPAO accumulated in
muscle by diffusion, and the initial distribution of Tc-99m
HMPAO in the myocardium was reported to be equiva-
lent to that of T1-201."?° The myocardial uptake of Tc-
99m HMPAO was much lower than that of T1-201 (0.15%
vs. 3.65% of the injected dose per organ).?*2 On the other
hand, T1-201 might not affect Tc-99m HMPAO brain
SPECT images, since it does not pass through the blood-
brain barrier,? and crosstalk can be ignored because of the
lower energy of T1-201.

The sensitivity in detecting significant stenosis of middle
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cerebral arteries is reported to 77-83% with ACZ-aug-
mented brain SPECT.? In the present study, ACZ-aug-
mented brain SPECT showed reduced cerebral blood flow
reserve in only one of the eight middle cerebral artery
territories with significant carotid arteries. In the case of
internal or common carotid arterial stenosis, cerebrovas-
cular flow after ACZ provocation could be maintained by
collateral blood flow through the arterial circle of the
cerebrum.

CONCLUSION

We concluded that because ACZ could cause myocardial
ischemia in patients with severe coronary artery disease,
ACZ-augmented brain SPECT should be performed with
caution in patients with cerebrovascular and severe coro-
nary artery disease.
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