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BACKGROUND AND PURPOSE: Because venous hypertension determines the clinical sever-
ity of dural arteriovenous fistulas (DAVFs), evaluation of intracranial venous pressure is
important in making decisions concerning treatment. We determined whether intracranial
venous hypertension could be quantified by using an acetazolamide test in a manner that
indicates whether treatment of the DAVF is necessary.

METHODS: We enrolled 21 untreated patients: 11 with a sigmoid and/or transverse DAVF,
six with a cavernous DAVF, two with an anterior cranial fossa DAVF, and two with a superior
sagittal sinus DAVF. Cerebral hemodynamics were studied with stable-xenon CT. Patients were
angiographically classified into three groups, and regional cerebral blood flow (rCBF) after
acetazolamide challenge was compared between angiographic groups, between patients with
and those without symptoms attributable to intracranial venous hypertension, and between
preembolization and postembolization examinations.

RESULTS: A high angiographic grade was associated with decreased resting rCBF and a
blunted response to acetazolamide. Response to acetazolamide was more sensitive to venous
hypertension, as angiographically assessed, than decreased resting rCBF. Resting rCBF and
the increase in rCBF associated with acetazolamide were significantly lower in the symptomatic
group than in the asymptomatic group. Treatment of the DAVF significantly enhanced the
increased rCBF due to the acetazolamide challenge.

CONCLUSION: Cerebral venous hypertension in DAVF reduced the response to acetazol-
amide, as shown on stable-Xe CT. Therefore, a patient with DAVF and a reduced rCBF response
to acetazolamide requires treatment irrespective of his or her symptoms.

In patients with dural arteriovenous fistula (DAVF),
the severity of symptoms can range from benign tin-
nitus to coma. Factors predisposing the patient to an
aggressive neurologic course are retrograde lepto-
meningeal venous drainage, a venous varix, and ga-
lenic venous drainage (1). In particular, venous hy-
pertension is generally recognized to determine the
clinical presentation of patients with a cranial DAVF
(2–4). Many classification systems based on the an-
giographic appearance of the lesion and the mode of
venous drainage have been proposed (5–7), but all
are based on the presence or absence of venous reflux
rather than a quantitative assessment of congestion or

venous hypertension. Indeed, venous hypertension in
DAVF is seldom examined quantitatively (8).

A carbonic anhydrase inhibitor, acetazolamide is a
potent dilator of cerebral arterioles. Because of its
vasodilating effect, acetazolamide has been used to
evaluate cerebral vascular reserve capacity (9–11).
Because venous hypertension decreases the pressure
gradient between cerebral arteries and veins, we hy-
pothesized that venous hypertension blunts the in-
crease in regional cerebral blood flow (rCBF) in
response to acetazolamide. Accordingly, we quantita-
tively assessed cerebral venous hypertension by using
an acetazolamide test.

Methods
Twenty-one consecutive patients with DAVF (11 men and

10 women; mean age, 64.3 years; age range, 33–85 years) who
consented to undergo stable-xenon CT were examined between
January 1997 and March 2003. All patients gave informed
consent, and the ethics committee at our institution approved
the study. Table 1 shows the patients’ symptoms.

Received March 11, 2004; accepted after revision September 24.
From the Department of Neurosurgery (J.D., M.Y., H.K., T.K.),

Osaka Medical College, Japan.
Address correspondence to Jun Deguchi, MD, Department of

Neurosurgery, Osaka Medical College, 2-7 Daigaku-cho Takatsuki-
shi Osaka, Japan 569-8686.

© American Society of Neuroradiology

AJNR Am J Neuroradiol 26:1101–1106, May 2005

1101



Xe CT assessment was performed by using a rebreathing
system (Xetron-I; Anzai-Sogyo, Tokyo, Japan) and a CT scan-
ner (X-Vigor; Toshiba, Tokyo, Japan). Specific conditions were
an Xe concentration of 30 vol%, an oxygen concentration of 30
vol%, and combined wash-in/wash-out measurements of 4 min-
utes each, with one CT section obtained per minute. Each Xe
CT procedure included one measurement at rest and another
after challenge with acetazolamide (Diamox; Sanwa-kagaku,
Nagoya, Japan). This pharmacologic maneuver revealed the
patient’s cerebrovascular reserve capacity by causing intense
cerebral vasodilation. As a rule, the study was performed
shortly before intervention (within 7 days) and repeated 6
months after intervention. A single brain section was studied.
When possible, this section was at the level of the basal ganglia
or at the body of the lateral ventricle.

On each CT image obtained for the measurement of blood
flow, a region of interest (ROI) was drawn to reflect mean
rCBF in a broad area (Figs 1 and 2). In cases of a cavernous or
anterior fossa DAVF, the ROI was placed to include the entire

outer surface of the frontal lobe anterior to the sylvian fissure.
In cases of a transverse and/or sigmoid DAVF, the ROI was
placed to enclose the outer surface of the temporo-occipital
region posterior to the superior temporal sulcus on the CT
section that included the pineal gland. In cases of a superior
sagittal sinus DAVF, the ROI was placed to enclose the gray
matter from the superior frontal sulcus to the postcentral
sulcus on the CT section that included the body of the lateral
ventricle. rCBF was measured in the ROI at rest and after
acetazolamide challenge. In cases of bilateral DAVFs, the
lesion side was defined as the side on which more arteriovenous
shunt surgery had been performed. ROIs were placed and
rCBF was measured by one author (M.Y.) who was aware of
the location and side of each DAVF but blinded to the clinical
and angiographic data.

Patients were divided into two groups according to their
symptoms of venous hypertension. In the symptomatic group,
manifestations included disturbed consciousness, headache,
papilledema, convulsions, and intracranial hemorrhage (12). In

TABLE 1: Clinical summary of patients

Patient/Age
(y)/Sex

Cognard
Classification Affected Sinus

Symptom

Treatment*Description
Due to Venous
Hypertension?

1/75/M I R sigmoid Tinnitus No TAE
2/54/M I Superior sagittal sinus Bulging scalp vessels No TAE
3/78/F I Superior sagittal sinus Aneurysm-like STA dilatation No None
4/54/F I L cavernous None NA None
5/58/M I R cavernous Chemosis, diplopia No None
6/73/M I L cavernous Diplopia No None
7/75/F I L cavernous Chemosis No TVE
8/62/M IIa L sigmoid Tinnitus No TAE, TVE
9/75/M IIa R transverse sigmoid None NA None
10/33/M IIb L transverse sigmoid Headache, tinnitus Yes TAE, TVE
11/66/F IIb L cavernous Diplopia, disorientation Yes TVE
12/85/F IIb L cavernous Chemosis, diplopia No TAE
13/33/F IIa�b R transverse sigmoid Headache, visual disturbance Yes TAE
14/54/F IIa�b L transverse sigmoid Dementia Yes TAE,TVE
15/55/M III L transverse sigmoid Hemorrhage, vertigo, convulsion Yes TAE, TVE
16/63/M III R transverse sigmoid Hemorrhage Yes TAE
17/67/M III R transverse confluence L lower quadrant homonymous anopsia Yes TAE, TVE
18/72/F III L transverse confluence Dementia Yes TVE
19/78/F III L transverse Convulsion, disturbed consciousness Yes TAE
20/67/M IV L anterior fossa Convulsion Yes Surgery
21/74/M IV R anterior fossa None NA Surgery

Note.—NA � Not applicable, STA � superficial temporal artery, TAE � transarterial embolization, TAV � transvenous embolization.
* All patients improved except for patients 3 and 12, whose condition was unchanged.

FIG 1. Case 21. Right lateral internal ca-
rotid angiograms show a Cognard type IV
lesion in an asymptomatic patient.

A, Preoperative image shows an ante-
rior fossa DAVF with cortical venous
reflux.

B, Postoperative image shows disap-
pearance of the DAVF and venous reflux.
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the asymptomatic group, patients had no clinical manifesta-
tions of venous hypertension, but they may have had symptoms
due to the arteriovenous shunt surgery itself, such as tinnitus,
chemosis, or oculomotor palsy.

Statistical analysis was performed by using the Scheffé F
method after the Friedman test to detect differences between
angiographic groups. The Mann-Whitney U test was used to
detect differences between symptomatic and asymptomatic
groups. The Wilcoxon signed-rank test was applied to detect
differences between tests performed before treatment and
those performed after treatment. Differences were considered
significant when P was less than .05. Values are presented as
the mean � standard deviation.

Results

Using Cognard classification (6), we assigned the
DAVFs to one of three angiographic groups, with
subgroups: type I was antegrade venous drainage
(seven patients); type IIa, retrograde venous drainage
into only a sinus (two patients); type IIb, retrograde
venous drainage into only a cortical vein (three pa-
tients); type IIa�b, retrograde venous drainage into a
sinus and a cortical vein (two patients); and type III
and IV, direct drainage into a cortical vein (seven
patients).

Resting rCBF was significantly less in type III and
IV than in type I (P � .005), whereas rCBF did not

differ between type I and type II (Fig 3A). However,
rCBF after acetazolamide challenge and the increase
in rCBF associated with acetazolamide challenge
(�F) were significantly less in type II than in type I
(Fig 3B and C). Therefore, rCBF after acetazolamide
challenge and �F were more sensitive than resting
rCBF to impaired venous drainage.

Although symptomatic and asymptomatic patients
did not differ in age (P � .11), resting rCBF, rCBF
after acetazolamide, and �F were significantly lower
in the symptomatic group than in the asymptomatic
group (P � .01) (Table 2).

Embolization or surgical resection was per-
formed in 16 patients; in 14, the DAVF was oblit-
erated by 6 months after treatment. In the other
two patients (patients 1 and 12), shunt flow through
the DAVF was reduced, as shown on angiography
performed 6 months after embolization. In patients
2 and 7, follow-up Xe CT was not performed. In
symptomatic patients, rCBF after acetazolamide
challenge and �F were significantly higher after
treatment than before (P � .05), whereas treatment
such as embolization did not change the resting
rCBF (Table 3). Asymptomatic patients tended to
have an improvement in acetazolamide-associated
rCBF and �F with treatment of the DAVF, but

FIG 2. Case 21. rCBF maps for a Cog-
nard type IV lesion in an asymptomatic
patient.

A and B, Before surgery, resting rCBF in
the right frontal region (white outline) is low
(A), and the response of rCBF to the acet-
azolamide challenge is limited (B).

C and D, At 6 months after surgery,
resting rCBF (C) and the response of rCBF
(D) to the acetazolamide challenge is in-
creased.
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given the small number of cases, the difference was
not significant (P � .068).

Discussion
In DAVF, venous ischemia and hemorrhage result

from retrograde leptomeningeal venous drainage (1,
3, 13) because venous hypertension decreases the
normal pressure gradient between cerebral arteries
and veins. Therefore, evaluation of venous hyperten-
sion is essential for treatment of DAVF. In frontal
fossa or tentorial DAVFs, treatment is required irre-
spective of symptoms, given the great risk of intrace-
rebral hemorrhage due to disturbed venous return
(14, 15). Treatment decisions concerning DAVF
should be based on the patient’s symptoms and also
the type of cortical venous and sinus reflux. Many
angiographic classifications (5–7, 13) proposed from
this viewpoint are used to qualitatively assess venous
reflux. However, quantitative assessment of conges-
tion or venous hypertension is considerably more ob-
jective and informative.

Venous hypertension first increases cerebral blood
volume (CBV) and then reduces CBF. Therefore, the
degree of venous hypertension can be estimated by
measuring CBV, which presently requires positron
emission tomography, a procedure with limited avail-

ability. Perfusion MR imaging and perfusion CT are
used to evaluate CBV by comparing sides; therefore,
these more-available do not help in evaluating severe
venous hypertension present throughout the brain.
Cerebral angiography, an invasive examination, de-
picts retrograde leptomeningeal venous drainage and
is used to determine an indication for treatment in
cases of DAVF. However, cerebral angiography indi-
cates only presence or absence of cerebral venous
congestion and not the degree of the venous hyper-
tension. As an alterative to angiography, dynamic MR
digital subtraction angiography aids in diagnosing
DAVF (16), especially if it is complemented by a
noninvasive examination that provides quantitative
information about venous hypertension.

A noninvasive examination, stable-Xe CT can pro-
vide an actual, nonrelative value for CBF. Moreover,
a patient’s cerebral vascular reserve capacity can be
evaluated by performing stable-Xe CT before and
after the administration of acetazolamide (10, 11). By
inhibiting carbonic anhydrase, acetazolamide in-
creases the concentration of H� in the brain, which
dilates the cerebral arterioles to increase CBF. How-
ever, blood flow depends on vascular resistance and
the pressure gradient between arteries and veins.
Even if the vascular resistance decreases, blood flow
is not increased if the pressure gradient between ar-
teries and veins is reduced. We hypothesized that
venous hypertension blunts the increase in CBF elic-
ited by acetazolamide because arteriolar dilation does
not increase CBF in the presence of a decreased
pressure gradient between the cerebral arteries and
veins. In our study, the increase in CBF caused by
acetazolamide was indeed limited in patients with
symptoms of venous hypertension. Moreover, lesions
of high angiographic grade were associated with weak
responses to acetazolamide. In patients with type I
lesions, the response of CBF to acetazolamide was
unimpaired, whereas in those with type II, III, or IV
lesions, it was eliminated. CBF responses to acetazol-

FIG 3. Differences in rCBF between groups according to Cognard angiographic classification.
A, Resting rCBF significantly differs between type I and types III and IV.
B, After acetazolamide challenge, rCBF significantly differs, even between type I and type II.
C, Increase in rCBF due to acetazolamide (�F, or acetazolamide value minus resting value) is significantly different between type I and

the other types.

TABLE 2: rCBF in patients with and those without symptoms caused
by venous hypertension

Measure
Symptomatic

Group
Asymptomatic

Group P Value*

Age (y) 58.8 � 15.3 69.4 � 10.5 .1118
rCBF (mL/min/100g)

Resting 23.3 � 5.1 33.2 � 7.8 .0092
Acetazolamide 27.1 � 5.1 47.6 � 10.9 .0003

�F† 3.9 � 2.7 14.4 � 6.2 .0002

* Mann-Whitney U test.
† Acetazolamide rCBF � resting rCBF.
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amide were negatively related to the severity of cor-
tical venous hypertension caused by the DAVF. Rest-
ing rCBF was reduced in types III and IV but
unimpaired in type II. In patients with DAVF, a
reduced response to acetazolamide was a more sen-
sitive indicator of venous hypertension than resting
rCBF.

Our observations suggest a need for caution in
interpreting the results of acetazolamide tests per-
formed for indications other than the assessment of a
DAVF. The acetazolamide test was originally devel-
oped to identify patients with compromised cerebro-
vascular reserve (10). Kuroda et al (9) reported that
decreased rCBF and decreased regional cerebrovas-
cular reserve, as shown on acetazolamide testing, may
identify a subgroup of patients with an increased risk
of subsequent ischemic stroke if they are treated only
medically. However, because venous hypertension
and/or congestion influences regional cerebrovascu-
lar reserve on acetazolamide testing, the test is reli-
able in evaluating cerebral arterial hemodynamic im-
pairment only if venous outflow is unimpaired.

Iwama et al (17) reported that patients with DAVF
and cerebral symptoms had severely reduced rCBF
and a mildly elevated regional oxygen-extraction frac-
tion. Their symptomatic patients presented with im-
pairments ranging from disorientation to disturbed
consciousness, whereas some of our symptomatic pa-
tients also had milder symptoms, such as headache or
focal neurologic signs. However, in our study, resting
rCBF in symptomatic patients was still significantly
lower than that in asymptomatic patients. van Roost
and Schramm (13) demonstrated a reduction in rCBF
and impaired regional cerebrovascular reserve capac-
ity in patients with a cerebral arteriovenous malfor-
mation (AVM). Moreover, venous congestion, large
AVMs, and AVM-related vascular territories were
associated with impaired vascular reserve capacity. In
our patients with DAVF, the increase in rCBF in-
duced by acetazolamide was significantly decreased in
the group with symptoms venous hypertension.

Because stable-Xe CT can be used to measure
actual rather than relative rCBF, the method is used
to evaluate rCBF after extracranial-intracranial by-
pass surgery (18) or steroid treatment of brain tumors
(19). We similarly used Xe CT to evaluate rCBF after
the treatment of DAVF. In symptomatic patients, the
response of rCBF to acetazolamide improved at 6

months after treatment. According to our hypothesis,
these results indicated that treatment normalized the
severely reduced pressure gradient between the ar-
tery and vein in symptomatic patients. On the con-
trary, resting rCBF did not improve with treatment in
symptomatic patients. Because venous hypertension
is a chronic condition, recovery from venous conges-
tion after treatment may require a long interval. This
requirement may reflect limitations in the present
treatments for DAVF, which only interrupt cortical
venous reflux without reconstructing the occluded
sinus. Therefore, patients may require extended
follow-up.

Because DAVF-associated venous hypertension
(which can cause intracranial hemorrhage or venous
infarction) influences the degree to which rCBF in-
creases with acetazolamide, rCBF evaluation with ac-
etazolamide is prognostically useful. In general, treat-
ment for DAVF is indicated when angiograms show a
reflux of flow into the cortical veins. In the Cognard
classification, types IIb, IIa�b, III, and IV are indi-
cations for treatment. In our study, patients in these
groups had an impaired response of rCBF to acet-
azolamide. Although symptoms of venous hyperten-
sion indicate a need for embolization or other treat-
ment, a poor or absent response of rCBF to
acetazolamide may help in identify candidates, even
in the absence of such symptoms. Acetazolamide test-
ing is a simple, easily performed, and informative
method for evaluating both the need for intervention
and its effectiveness. Further prospective study is war-
ranted to confirm our observation.

Conclusion
The results of cerebral hemodynamic evaluation

with acetazolamide corresponded to those of con-
ventional angiographic classification of DAVF.
Moreover, the response of rCBF to acetazolamide
helped in identifying venous hypertension in pa-
tients with DAVE. Therefore, the acetazolamide
test can contribute to decision making concerning
embolization or other treatment for DAVF. A poor
or absent response of rCBF to acetazolamide indi-
cates a need for such intervention. Cerebral angiog-
raphy is not required to simply diagnose DAVF,
and it can be reserved for patients who require
treatment for DAVF, as determined on the basis of

TABLE 3: Regional rCBF before and after treatment

rCBF (ml/min/100g) Before Treatment 6 Months After Treatment P Value*

Symptomatic patients (n � 10)
Resting 23.3 � 5.1 26.8 � 7.3 .1849
Acetazolamide 27.1 � 5.1 38.0 � 12.4 .0166
�F† 3.9 � 2.7 11.2 � 7.0 .0367

Asymptomatic patients (n � 4)
Resting 28.8 � 8.2 30.1 � 6.4 �.05
Acetazolamide 38.4 � 7.6 47.4 � 8.6 .0679
�F† 9.7 � 2.6 17.2 � 6.9 .0679

* Wilcoxon signed rank test.
†Acetazolamide rCBF � resting rCBF.

AJNR: 26, May 2005 ACETAZOLAMIDE CHALLENGE IN DAVF 1105



results of acetazolamide testing or symptoms of
venous hypertension.
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