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Normal Values of Cerebrovascular Reserve Capacity after 
Stimulation with Acetazolamide Measured by Xenon 133 
Single-Photon Emission CT 

Gerda Leinsinger, A xel Piepgras, Karl Einhaupl , Peter Schmiedek, and Carl Martin Kirsch 

PURPOSE: To determ ine whether a standardized stimulation challenge with acetazolamide will be 

helpful for assessing the vasodilatory capacity in patients with obstructive cerebrovascular disease. 

METHODS: To establish normative data of the cerebrovascular reserve capacity , a group of 41 
contro l patients was investigated. The reg ional cerebra l blood flow was m easured quantitatively 

before and after stimulation with acetazolamide using the xenon 133 inhalation method and 

dynam ic single-photon emission CT . RESULTS: A signi ficant increase of regional cerebral blood 

flow was found after administration of 1 g of acetazolam ide. By doubling the dose no significant 

further increase was measured. We found no correlation of either baseline or stimulated flow va lues 

with age. However, a linear dependence between the stim ulated flow va lues and their respective 

baseline values was observed. CONCLUSION: The standardized challenge with acetazolamide 

seem s to be a reliable m ethod to determine cerebrovascular reserve capaci ty quantita t ively . 

Index terms: Cerebral blood flow; Brain, effects of drugs on; Brain , radionuclide studies; Single­

photon emission computed tom ography (SPECT }; Xenon 
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The increasing effect of acetazolamide (Dia­
mox) on cerebral blood flow was reported in 
1959 by Posner and Plum ( 1) . Their findings 
have been reproduced with various techniques 
for the measurement of cerebral blood flow. The 
exact underlying mechanism is still unclear; the 
most favored theory is one of an increase of 
partial pressure of carbon dioxide within the 
brain tissue through carbonic anhydrase inhibi ­
tion followed by a decrease of cerebral extracel ­
lular fluid pH that acts as a strong vasodilator 
(2 , 3). Acetazolamide-activated regional cere­
bral blood flow measurements are used to study 
a variety of disorders (4 , 5). A standardized 
combination of regional cerebral blood flow 
measurements and acetazolamide was reported 
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by Vorstrup et a! (6) to assess the vasodilatory 
capacity of the arterial collaterals distal to a 
carotid artery occlusion. This test was based on 
a comparison of regional cerebral blood flow at 
rest and after stimulation with acetazolamide 
and allows assessment of the cerebrovascular 
reserve capacity. This parameter is particularly 
useful in determining the hemodynamic effect 
of obstructive cerebrovascular disease before 
revascularizing procedures. 

For a meaningful interpretation of the results 
obtained with the acetazolamide test and to im­
prove its diagnostic accuracy , sufficient norma­
tive data are needed. Reports on the use of the 
acetazolamide test in control subjects have 
been conducted in rather small populations (7-
1 0). In this study we give a summary of our 
experience with a large group of control sub­
jects. 

Patients and Methods 
Forty-one patients participated in this study . There 

were 33 men and 8 women , mean age 45 ± 13 years 
(range, 19 to 77 years) . Cerebrovascular disease was ex­
cluded by history and neurologic examination, including 
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Regional cerebral blood flow (mL/ 1 00 g per minute) before and after intravenous injection of 1 g of acetazolamide in 41 healthy control 
subjects 

Before Injection 
Reg ion 

Mean :!: SD Range 

Anterior cerebral artery 57 :!: 10 40- 78 
Right middle cerebral artery 64 :!: 11 45-87 
Left middle cerebral artery 66 :!: 11 46-90 
Posterior cerebra l artery 63 :!: 10 43-89 

extracranial ultrasonographic examination. Further exclu­
sion criteri a were a history of diabetes mellitus, arterial 
hypertension , or ischemic heart disease. There were 23 
smokers, and 3 participants had quit smoking more than 2 
years before. 

For measurement of regional cerebral blood flow the 
xenon 133 inhalation technique and dynamic single-pho­
ton emission computed tomography (Tomomatic 64, 
Medimatic, Copenhagen, Denmark) was used. This 
m ethod has been described in detail previously (11, 12). 
Quantitative data on flow values (milliliters per 100 g per 
minute) were obtained from three transaxial sections, each 
2 em in thickness, which corresponded to planes 2 , 6 , and 
10 em above the canthomeatal line. Standardized regions 
of interest were used for evaluation as proposed by Root­
welt et al ( 13) representing the perfusion territories of the 
anterior cerebral , middle cerebral , and posterior cerebral 
arteries. This study is focused on the middle cerebral ar­
tery territory because of clinical relevance. For the deter­
mination of the mean flow values of the middle cerebral 
artery territory , the second section was evaluated. 

According to the study protocol, regional cerebral blood 
flow was measured under resting conditions. Thirty min­
utes later 1 g of acetazolamide was given intravenously. 
This resulted in a dosage of greater than 1 0 mg/ kg body 
weight with a mean of 13.4 ± 2 .1 mg/ kg. The regional 

Fig 1. Dose response of regional cere­
bral blood fl ow (rCBF) in the middle cerebral 
artery territory after 1 and 2 g of acetazol­
amide in 11 contro l subjects . 
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82 :!: 9 60-101 16 :!: 6 4- 29 

81 :!: 9 59-101 19 :!: 6 5-3 1 

cerebral blood flow measurement was repeated 15 min­
utes after the administration of the drug representing the 
approximate time of maximal response of regional cere­
bral blood flow (14). At the end of each regional cerebral 
blood flow study, arterial blood gases were sampled, and 
hematocrit and blood pressure were measured. Flow val­
ues were not corrected for individual partial pressure of 
carbon dioxide values. No serious side effects were seen 
that could be attributed to the drug. Transient headache 
which did not require any treatment was experienced by 
some participants. Some also noted an altered sense of 
taste or reversible perioral numbness. 

Statistical evaluation of the mean flow values before 
and after acetazolamide was performed using the paired t 
test. Significant changes were assumed for P < .05. 

Results 

In all cases a significant increase of regional 
cerebral blood flow (P < .001) was noted after 
administration of 1 g of acetazolamide. The 
mean flow values of the respective cerebral ar­
teries as represented in section 2 of the study 
are shown in the Table. There were no signifi­
cant differences between the right and left hemi-

63±8 78±7 83±8 

p<0 .001 p<0.15 

40 +---------~--------~--------~------~ 
rest stim. 1g stim. 2g 
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sphere. Mean blood pressure was unchanged 
after the administration of acetazolamide. The 
mean value of the arterial partial pressure of 
carbon dioxide was 36.2 ± 2.8 mm Hg before 
and 35.9 ± 3.1 mm Hg after acetazolamide. 
The mean hematocrit value was 42 ± 5% be­
fore and did not change after 1 g of acetazol­
amide. 

For further evaluation of the dose response of 
acetazolamide on regional cerebral blood flow, 
11 subjects underwent an additional study 24 
hours after administration of 2 g of acetazol­
amide. A comparison of the flow increase within 
the middle cerebral artery territory is shown in 
Figure 1. After administration of 1 g of acetazo­
lamide, a significant increase was found in all 
subjects (P < .001 ). By doubling the dose of 
acetazolamide, further changes in regional ce­
rebral blood flow were not significant ( P < .15) . 

To study possible age dependence of the 
acetazolamide response on regional cerebral 
blood flow, the flow increase within the middle 
cerebral artery territory after 1 g of the drug was 
investigated with regard to the individual age of 
the subjects (Fig 2). Flow values were found not 
to correlate with age either for the baseline 
study ( r = - .1) or after stimulation with aceta­
zolamide (r = - .1). 

In addition, stimulated flow values were com­
pared with their respective baseline values (Fig 
3). A linear dependence was found; it can be 
expressed in the following equation: 

rCBFstim = 0.75rCBFrest 

+ 32.6ml/100g per min; r = .87. 

The 95% tolerance limits for this regression 
show the upper and lower limits of the stimu­
lated flow values. 

Therefore, persons with low baseline flow val­
ues reached lower values after stimulation with 
acetazolamide than subjects exhibiting high 
baseline flow values. The increase in regional 
cerebral blood flow, however, was more pro­
nounced in subjects with low baseline flow val­
ues. 

To allow a more sensitive evaluation of the 
cerebrovascular reserve capacity of patients 
with cerebrovascular disease this dependence 
of baseline and stimulated flow was further elab­
orated, resulting in a different graphic represen­
tation (Fig 4). Here the flow increase after 
acetazolamide (reserve capacity, CVRC 
rCBFstim - rCBFrest) is shown with its corre-
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Fig 2. Age dependence of the baseline flow (A), stimulated 

flow (B) , and cerebra l blood flow (CBF) (C) values in the middle 
cerebral artery territory. 
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Fig 3. Stimulated fl ow values in com par­
ison with the respective baseline values in 41 
contro l subjects. 
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y=0.75x+33 

0 +---------r-------~--------,---------.-------~ 
0 

sponding dependence on the resting flow val­
ues. Flow values below the lower tolerance limit 
represent a decreased cerebrovascular reserve 
capacity. 

Discussion 

For determination of the functional impact of 
obstructive cerebrovascular disease the mea­
surement of cerebrovascular reserve capacity 
was shown to be a suitable parameter (3, 15, 
16). The pathophysiologic basis fo r a decreased 
cerebrovascular reserve capacity is a chronic 
dilatation of distal resistance vessels with a di-

Fig 4. Tolerance limits of cerebrovascu­
lar reserve capacity in terms of regiona l ce­
rebral blood flow (rCBF). 
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minished autoregulatory response to counteract 
hypotensive situations. By administration of ac­
etazolamide using a dosage of more than 1 0 
mg/kg body weight the carbonic anhydrase was 
blocked, resulting in an almost maximal in­
crease of regional cerebral blood flow with re­
gard to this mechanism. Contrary to what is 
reported with other stimulation tests like carbon 
dioxide inhalation , we observed no systemic re­
actions concerning blood pressure or arterial 
carbon dioxide tension using acetazolamide. 

The xenon 133 inhalation method was used 
for noninvasive and quantitative determination 
of regional cerebral blood flow. Although this 
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method provides only limited spatial resolution 
(section thickness, 2 em; resolution within the 
section, 1.7 em full width at half-maximum) , the 
dynamic acquisition mode allows the quantita­
tive evaluation of absolute flow values with re­
spect to the anterior cerebral , middle cerebral, 
and posterior cerebral artery territories . Unlike 
those methods that present only the static dis­
tribution images of a perfusion tracer such as 
technetium 99 m hexamethyl-propyleneamine 
oxime, the quantitative approach allows the de­
termination of cerebrovascular reserve capacity 
in terms of mL/1 00 g per minute separately 
over each hemisphere. This is important in pa­
tients with bilateral cerebrovascular occlusive 
disease. Especially in the follow-up after revas­
cularizing procedures, only the quantitative 

CEREBROVASCULAR RESERVE 1331 

measurements of cerebrovascular reserve ca­
pacity could reveal significant changes. 

With respect to the clinical demands the 
mean flow values over the anterior cerebral , 
middle cerebral , and posterior cerebral a rtery 
territories were assessed by regions of interest 
(Fig 5) . According to the studies of Rezai et al 
( 17) the sizes of these regions were suitable for 
reliable calculation of flow values up to a max­
imum of 100 mL/1 00 g per minute. Higher flow 
values would be underestimated. In our study 
the flow values of the middle cerebral artery 
territory ranged after stimulation from 60 to 103 
mL/1 00 g per minute. 

Previous studies documented only a slight 
decrease of regional cerebral blood flow at rest 
and a decrease with age after stimulation ( 10, 

Fig 5 . Color-coded flow m aps of a control 
subject before (top) and after (bottom) stimula­
t ion w ith 1 g of acetazolamide. The sections 
were subdivided by standardized regions of in­
terest into territories representing the perfusion 
areas of the anterior cerebral, middle cerebral , 
and posterior cerebral artery . The m ean flow 
values over these regions of interest were as­
sessed in terms of milliliters per 1 00 g per 
minute and are presented to the left of each 
image. Hemisphaeren refers to values for an 
entire hemisphere. 
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18) . From our data, no significant age depen­
dence of baseline or stimulated flow values 
could be demonstrated. Furthermore, our data 
suggested individual differences of cerebral per­
fusion capacities, showing that subjects with 
low baseline flow values reach lower flow values 
after stimulation than subjects presenting high 
baseline values. 

The increase of regional cerebral blood flow, 
however, was more pronounced in persons with 
low baseline flow values. In some cases ex­
tremely high stimulated flow values might have 
been underestimated by the xenon 133 inhala­
tion method. A further explanation could be the 
effect of different dilatation of cerebral arterioles 
before stimulation. Bogsrud et al (9) could not 
observe this tendency in a group of 12 healthy 
volunteers . Using comparable methods, the 
baseline flow values of the middle cerebral ar­
tery territory in his group ranged from 46 to 71 
mL/1 00 g per minute (mean increase, 15.4 :±: 5 
mL/1 00 g per minute), representing a smaller 
range of flow values than were seen in the 
present study. Concerning the wide range of 
individual baseline and stimulated regional ce­
rebral blood flow values in our series, the influ­
ence of arterial partial pressure of carbon diox­
ide may be related. Therefore, the arterial 
partial pressure of carbon dioxide was mea­
sured with each regional cerebral blood flow 
study. However in our series, the correction of 
regional cerebral blood flow values for individ­
ual partial pressure of carbon dioxide values did 
not decrease the standard deviation of mean 
flow values. Therefore, no further correction for 
individual partial pressure of carbon dioxide val­
ues was performed. 

In conclusion, the acetazolamide test using 
xenon 133 dynamic single-photon emission 
computed tomography is a reliable method to 
determine cerebrovascular reserve capacity 
quantitatively. These normative data may serve 
as a basis for a meaningful interpretation of the 
results obtained in patients with cerebrovascu­
lar disease. 
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