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A Case of Acute Heart Failure With Intravenous
Acetazolamide Administration for Evaluation of
Cerebrovascular Reactivity
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Abstract

A man in his seventies presented with a history of cerebral infarc-
tion with occlusion of the left middle cerebral artery, diabetes mel-
litus, renal dysfunction, as well as prior myocardial infarction and
arteriosclerosis obliterans. About 45 min after intravenous adminis-
tration of 1,000 mg of acetazolamide for acetazolamide-augmented
cerebrovascular single-photon emission computed tomography, he
experienced dyspnea and tightness in his chest which worsened.
Hypertension, regular tachycardia, and wheezing and rales were
noted. Symptoms and vital signs did not improve despite many life-
saving treatments. In patients with severe coronary artery disease
with low ischemic threshold, as in the present case, acetazolamide
might reduce peripheral vascular resistance, increase the cardiac
output ratio, increase myocardial oxygen consumption by increas-
ing cardiac output, and induce myocardial ischemia with elevation
of double product. Although the frequency of acute heart failure
due to myocardial ischemia after an acetazolamide challenge may
be low, its occurrence in patients with severe arteriosclerotic dis-
ease should be routinely considered.
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Introduction

Regional cerebrovascular reactivity to acetazolamide (DI-
AMOX®, LEDERLE PHARMACEUTICAL DIVISION,
NY, USA, Sanwa Kagaku Kenkyusho CO., LTD., Nagoya,
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Japan) using single-photon emission computed tomogra-
phy (SPECT) is commonly evaluated in patients with cere-
brovascular disease and has proven to be an indispensable
diagnostic technique [1-3]. It is generally considered to be
simple, easy, and noninvasive examination. Until now there
have been a few reports of serious adverse reactions after ac-
etazolamide challenge, and here we report our experience of
a case of acute heart failure that occurred after cerebrovascu-
lar SPECT with intravenous administration of acetazolamide
and required many life-saving treatments.

Case Report

A man in his seventies without complaints was referred for
examination with cerebrovascular SPECT with and without
acetazolamide challenge to determine whether revascular-
ization was indicated. He had a history of cerebral infarction
about 3 months previously and occlusion of the left middle
cerebral artery was noted at that time. He also had diabetes
mellitus and renal dysfunction, as well as a prior history of
myocardial infarction and arteriosclerosis obliterans.

First, SPECT examination was performed using N-iso-
propyl-4-iodoamphetamine ['ZI] ('ZI-IMP) without acet-
azolamide challenge [4] and no adverse reaction occurred.
SPECT examination using '>I-IMP with acetazolamide chal-
lenge was performed 1 week later in accordance with the
Japanese Extracranial-Intracranial Bypass Trial (JET study)
[5] using autoradiography method [2, 4, 6]. First, 1,000 mg
of acetazolamide dissolved in 20 mL of normal saline was
injected intravenously. Ten minutes after administration, 222
MBq of '2I-IMP was intravenously administered and 10 min
after 'ZI-IMP injection, arterial blood sampling from the
right brachial artery was performed. Ten minutes after arte-
rial blood sampling, a SPECT scan was started.

About 45 min after acetazolamide administration, the
patient complained of difficulty breathing and tightness in
the chest. His condition did not improve and dyspnea be-
came apparent. He was moved to the emergency rescue unit
and treatment by cardiologists and emergency rescue doctors
was started. First, oxygen inhalation (10 L/min) was started.
The patient’s dyspnea and discomfort did not improve and
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Figure 1. Chest plain radiographs showing a) marked cardiomegaly and increased vascular markings on both
lungs on the day of onset, and b) improvement of these findings on day 2.

he gradually became unresponsive to verbal stimuli. Wheez-
ing and rales were heard on pulmonary auscultation. His
pulse rate was around 170 beats/min, systolic blood pressure
ranged from 200 to 170 mmHg, and percutaneous oxygen
saturation was around 97%. On electrocardiography, regu-
lar tachycardia, narrow QRS, abnormal Q wave on II, III,
and aVf, and poor R wave progression on V1 - 3 were con-
tinuously observed. On ultrasonic cardiography, diffuse left
ventricular hypokinetic wall motion was observed and left
ventricular ejection fraction was around 27%.

Intravenous administration of 20 mg of adenosine tri-
phosphate twice, administration of seven or 8 direct current
shocks, intravenous administration of 0.25 mg of digoxin
and 20 mg of furosemide, continuous intravenous infusion
of human atrial natriuretic peptide with an injection rate of
0.025 pg/kg/min, again application of a direct current shock,
two injections of 2mg of isosorbide dinitrate, one injection
of Img of isosorbide dinitrate, and continuous intravenous
infusion of nitroglycerin with an injection rate of 0.3 ng/kg/
min were performed one after another. However, his symp-
toms and signs did not improve quickly.

Over the 3 hour after these emergency treatments, about
700 mL of urinary output was obtained, and dyspnea im-
proved gradually and systolic blood pressure was reduced to

around 100 mmHg. His dyspnea disappeared the following
day. Although a plain-film chest radiograph taken on the day
of onset showed marked cardiomegaly and increased vas-
cular markings of both lungs, these findings improved after
admission (Fig. 1).

Transient elevation of serum creatine phosphokinase
(CPK) and isoenzyme CPK-MB elevation was observed
(Table 1), and given his past history of myocardial infarc-
tion, onset of myocardial ischemia was suspected. Although
examination of the coronary arteries and cardiac function in
detail was recommended, the patient’s family did not con-
sent to the procedure. The patient was transferred to another
hospital and was lost to follow-up. Therefore the details in-
cluding the condition of his coronary artery disease could not
be confirmed.

Discussion

Acetazolamide-augmented brain SPECT for evaluation of
cerebrovascular reactivity is now a common diagnostic pro-
cedure [6]. At the time of this study, mild adverse reactions
such as paresthesias, dizziness, and indefinite complaints
are sometimes experienced [7]. There have also been a few

Table 1. Change in Serum Creatine Phosphokinase (CPK) and Isoenzyme CPK-MB

Day 0 1 2 3 7 Normal value
CPK (U/L) 264 1150 1092 618 56 62 - 287
CPK-MB (U/L) 32 38 13 9 8 0-25
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reports of serious adverse reactions however. A comprehen-
sive literature search identified two reports of enlargement
of cerebral infarction [8, 9] and one report each of Stevens-
Johnson syndrome [7] and metabolic acidosis [9]. Two cases
of adverse reactions involving the circulatory system after
acetazolamide challenge have been reported in patients with
coronary disease [10, 11], but symptoms of those cases were
not so severe. In one of these cases, Shimotsu et al performed
acetazolamide augmented *™Tc-hexamethyl-propylenea-
mine oxime brain and ' TIC1 myocardial SPECT simultane-
ously in a patient with severe coronary artery disease and
2ITICl myocardial imaging with dipyridamole was per-
formed 5 days after acetazolamide stress imaging. A defect
seen on acetazolamide stress imaging was seen to be located
in the same region as that seen on dipyridamole imaging. In
their case, blood pressure and heart rate was unchanged and
the patient had no chest pain, ischemic ST-T change, or ar-
rhythmia on electrocardiography during the acetazolamide
stress test. However, the patient showed significant ST-T
changes on electrocardiography after dipyridamole adminis-
tration [10]. They subsequently performed the same exami-
nation in 9 patients, and showed acetazolamide could cause
myocardial ischemia in patients with severe coronary artery
disease. In their cases, none of these patients caused myocar-
dial ischemia after acetazolamide administration manifested
electrocardiographic ST-T changes, arrhythmia or chest pain
[12]. However, the authors could not explain this mechanism
[12]. On the other hand, Suzuki et al performed acetazol-
amide-augmented cerebrovascular SPECT in patients with
severe coronary artery disease with continuous intravenous
administration of nicorandil, and severe back pain with ST
depression on electrocardiography occurred in one case. Al-
though sublingual administration of isosorbide was ineffec-
tive, symptoms disappeared 30 min after intravenous admin-
istration of morphine although mild ST depression continued
for a further 90 min [11].

Shimotsu et al speculated that a vasodilation mechanism
unrelated to acetazolamide’s ability to inhibit carbonic an-
hydrase is involved in the direct action of acetazolamide on
vascular smooth muscle, and that acetazolamide also reduces
systolic blood pressure and peripheral vascular resistance
and increases the cardiac output ratio in patients with car-
diovascular diseases [12, 13]. They also mentioned that ac-
etazolamide might increase myocardial oxygen consumption
by increasing cardiac output, thus inducing myocardial isch-
emia in patients with severe coronary artery disease with low
ischemic thresholds [12]. In contrast, Suzuki et al conjec-
tured that there is little possibility of coronary spasm because
of inefficacious sublingual administration of isosorbide, and
also mentioned that it seemed unlikely acetazolamide would
raise blood pressure and heart late, increase myocardial oxy-
gen consumption, and worsen angina [11].

Although they considered cardiac output would be
increased at the onset of angina, this phenomenon was at-
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tributable to sympathicotonia caused by chest pain, not by
acetazolamide, because change in the electrocardiography
wave continued even after chest pain disappeared. They con-
sidered that acetazolamide affected the tonus of the coronary
artery, and that the steal phenomenon occurred not only from
dilatation of the coronary artery but also potentialization of
nicorandil’s pharmacological action [11].

Our patient, however, had no complaint of chest pain,
both heart rate and blood pressure were raised, and double
product (i.e. systolic blood pressure multiplied by heart rate)
of > 30,000 was continued. Although myocardial ischemia
should have occurred in the present case because of eleva-
tion of CPK and CPK-MB, the mechanism causing it should
be different from that in Shimotsu and Suzuki’s cases. It
should be considered whether elevation of cardiac output
induced myocardial ischemia or whether onset of myocar-
dial ischemia induced acute heart failure. It would seem that
there is little possibility that acetazolamide causes myocar-
dial ischemia directly [10-13]. Although the details were un-
clear, our patient also had systemic arteriosclerosis including
severe coronary artery disease. One possible explanation in
this case is that acetazolamide might have increased myo-
cardial oxygen consumption by increasing cardiac output,
but peripheral vascular resistance might not have been much
reduced. This might have caused increased cardiac work,
leading to cardiac ischemia because of severe coronary ar-
teriosclerosis with a low ischemic threshold as well as in-
creased myocardial oxygen consumption, followed by acute
heart failure with high systolic blood pressure and tachycar-
dia. In addition, renal dysfunction might have aggravated the
symptoms as a synergistic effect. There is every possibility
that our patient’s acute heart failure and myocardial ischemia
were affected by acetazolamide administration since he had
not only coronary disease but also severe systemic arterio-
sclerosis.

As a matter of course, preparations should be made for a
possible emergency during and after cerebrovascular SPECT
with acetazolamide challenge, and patients should be closely
observed after the examination. Although the frequency of
acute heart failure associated with acetazolamide challenge
may be low, the possibility of severe adverse reactions in pa-
tients with severe arteriosclerotic disease should be routinely
considered.
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