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Abstract
Objectives—A retrospective study was
carried out on 13 patients with intracra-
nial dural arteriovenous fistulas (DAVFs)
who presented with isolated or associated
signs of intracranial hypertension.
Methods—Nine patients presented with
symptoms of intracranial hypertension at
the time of diagnosis. Ocular fundoscopy
available in 12 patients showed bilateral
papilloedema in eight and optic disk atro-
phy in four. Clinical evolution was par-
ticularly noticeable in five patients
because of chronic (two patients) or acute
(after lumbar shunting or puncture: three
patients, one death) tonsillar herniation.
Results—Two patients had a type I fistula
(drainage into a sinus, with a normal
antegrade flow direction). The remaining
11 had type II fistulas (drainage into a
sinus, with abnormal retrograde venous
drainage into sinuses or cortical veins).
Stenosis or thrombosis of the sinus(es)
distal to the fistula was present in five
patients. The cerebral venous drainage
was abnormal in all patients.
Conclusion—Type II (and some type I)
DAVFs may present as isolated intracra-
nial hypertension mimicking benign in-
tracranial hypertension. Normal cerebral
angiography should be added as a fifth
criterion of benign intracranial hyper-
tension. The cerebral venous drainage
pattern must be carefully studied by
contralateral carotid and vertebral artery
injections to correctly evaluate the im-
pairment of the cerebral venous outflow.
Lumbar CSF diversion (puncture or
shunting) may induce acute tonsillar her-
niation and should be avoided absolutely.
DAVF may induce intracranial hyper-
tension, which has a poor long term prog-
nosis and may lead to an important loss of
visual acuity and chronic tonsillar hernia-
tion. Consequently, patients with intrac-
ranial hypertension must be treated, even
agressively, to obliterate the fistula or at
least to reduce the arterial flow and to
restore a normal cerebral venous drain-
age. The endovascular treatment may
associate arterial or transvenous emboli-
sation and /or surgery. Patients in whom
the fistula is not obliterated after an
endovascular therapeutic procedure, need
continous clinical and angiographical fol-
low up.
(J Neurol Neurosurg Psychiatry 1998;65:308–316)
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Benign intracranial hypertension (pseudotu-
mor cerebri) is defined according to the criteria
of Johnston and Paterson,1 2 as signs and symp-
toms of raised intracranial pressure; the CSF
pressure is raised, but has normal composition.
Neurological examination gives normal results.
Neuroradiological studies are normal, showing
normal ventricular size and the absence of a
mass eVect. According to Johnston et al,3 pseu-
dotumor syndrome may be separated into one
group of primary pseudotumor syndrome
without benign intracranial hypertension or
with a recognised precipitating cause, and a
second group of secondary pseudotumor
syndrome in which the underlying mechanism
is either impairment of the cerebral venous
drainage, or alterations in the composition of
the CSF. We report a retrospective study of 13
patients with intracranial dural arteriovenous
fistula presenting with isolated or associated
signs of intracranial hypertension.

Methods
Thirteen patients with intracranial dural arte-
riovenous fistulas (DAVFs) and presenting
with signs of intracranial hypertension were
studied. There were seven men and six women
with ages ranging from 23 to 70 (mean 50)
years. Characteristics of patients are given in
table 1. Twelve of these patients have been
included in a recent publication4 concerning
clinical and angiographic correlation in 205
patients with cerebral DAVFs. For 120 patients
in that study, the time period for follow up
ranged from 6 months to 23 years (mean 52
months), allowing us to relate the clinical evo-
lution in each patient to the corresponding
venous pattern. Our study resulted in a revised
classification of the venous drainage (table 2).
In the present study, one patient (13) was not
included in our earlier publication.
DiVerent points were particularly analysed

in these 13 patients:
Clinical features—The first clinical symptoms

were noted. Symptoms of intracranial hyper-
tension were noted but not in detail, as they
often were not suYciently described in the
clinical report. Only one of our patients had a
complete CSF study. Consequently, we were
not able to analyse either the CSF pressure or
the composition. The of onset of symptoms of
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intracranial hypertension in relation to diagno-
sis was analysed.
Angiographic features—Side and location of

the shunt was noted. Each patient was
classified according to the revised classification
of Djindjian and Merland depending on the
type of venous drainage (table 2). The venous
drainage of the fistulas and particularly refluxes
into the main sinuses were analysed in detail.
Anomalies of the main sinuses were noted and
classified as either thrombosed, stenosed, or
hypoplastic. The cerebral venous drainage pat-
tern was analysed.

Results
CLINICAL SYMPTOMS

The first encountered symptoms were those of
intracranial hypertension in nine patients (iso-
lated in seven patients and associated with tin-
nitus in two), tinnitus (two patients), seizure
(one patient), and dilatation of superficial
frontal veins (one patient). In the four patients
without symptoms of intracranial hypertension
at the time of the diagnosis, these symptoms
appeared from 6 months to 13 years later.
In the 13 patients, symptoms of intracranial

hypertension consisted of headache (seven
patients), transient visual obscurations (four
patients), decreased visual acuity (nine pa-
tients), and diplopia due to VIth nerve palsy
(two patients). Ocular fundoscopic examina-
tion was available in 12 patients, showing bilat-
eral papilloedema (eight patients) and optic
disk atrophy ( four patients).

Clinical follow up
Ten patients have been followed up for 2–19
(mean 7.5) years. Three patients have been fol-
lowed up clinically and angiographically only
for six months after the endovascular treat-
ment.

ANGIOGRAPHIC FEATURES

Location and side are detailed in table 1.

Type of venous drainage
Classification according to the revised version
of Djindjian and Merland is shown in table 1.
There were two patients with type I fistula; in
patient 2 the angiography showed a high flow
type I fistula in the right transverse sinus (TS)
with a controlateral hypoplastic sinus; patient 6
had a bilateral type I fistula in both TS and
torcular. In both patients, antegrade drainage
into the ipsilateral jugular vein was seen. The
remaining 11 patients (one with three fistulas)
had type II fistulas; eight were type IIa, two
were type IIb, and 3 were type IIa+b. Venous
drainage of fistulas was as follows: reflux into
the superior sagittal sinus (SSS) (five patients),
into the controlateral TS (six patients), into the
inferior sagittal sinus (ISS) (one patient), into
the straight sinus (SS) (two patients), and into
cortical veins (four patients).

Anomalies of the sinuses
Only in four patients were the main sinuses
considered as normal. In the others we noted
hypoplastic contralateral TS (case 2), stenosed
parent sinus downstream or upstream of the
shunt (cases 8, 11, and 12), and thrombosis or
irregular stenosis of the other main sinuses dis-
tant from the shunt (five patients).
Cerebral venous drainage was abnormal in

all patients with prolongation of both paren-
chymal phase and venous outflow (fig 1, table
1). Venous drainage through the SSS and TS
was seen in five patients, and through the sphe-
noparietal sinus, cavernous sinus, and superior
ophthalmic vein in seven patients. Additional
meningeal or transdiploic venous drainage was
found in six patients.

Table 1 Patients’ clinical and angiographic characteristics Continued on p 310

Case
No First symptoms IIH Symptoms

IIH Sp/onset
(y) Type Location

Drainage of the fistula
with reflux in: Sinus anomalies

1 IIH Headache Visual obscurations 0 IIa SSS SSS, left TS Right TS thrombosis

2 Tinnitus, IH Visual acuity loss Papilloedema 0 I Right TS No Reflux Absence of left TS
3 IH Headache Visual obscurations

Visual acuity loss
0 IIa+b Right TS Left TS, SS, cortical

veins
Thrombosis of right TS and
SSS, straight stenosis of left TS

4 IH Headache Visual acuity loss
Papilloedema

0 IIa+b Right TS Left TS Thrombosis of SSS posterior
third , stenosis of left TS

5 Tinnitus Headache Visual acuity loss
Papilloedema

4 IIa Torcular Both TS, SSS No

6 IH Headache Visual acuity loss
Papilloedema

0 I Both TS and
torcular

No reflux No

7 IH Visual obscurations
Papilloedema

0 IIb Right TS Cortical veins, SSS Right TS stenosis up and
downstream

8 Tinnitus, IH Headache VIth nerve palsy
Papilloedema

0 IIa+b Left TS Right TS, SSS No

9 Seizure Visual acuity loss Optic atrophy 9 IIa+b Torcular SSS, cortical veins Stenosis of both TS
10 Frontal superficial

veins dilatation
Visual acuity loss Optic atrophy 13 IIa SSS Both TS, SS, ISS Straight stenosis of both TS

11 Tinnitus , IH Visual acuity loss Optic atrophy 0 IIa Right TS SSS, left TS Stenosis of right TS

12 IH Diplopia Visual acuity loss
Papilloedema

0 IIa Left TS SSS, right TS Left TS thrombosis

13 Tinnitus Headache Visual obscurations
Papilloedema

0.5 -IIa-IIa-IIb Left TSTorcular
Cavernous sinus

Right TS SSS vein of
Trolar

No

Table 2 Revised classification of Djinjian and Merland

Type I: DAVF draining into a sinus, with a normal antegrade flow direction
Type II: DAVF draining into a sinus. InsuYcient antegrade venous drainage and reflux. The
insuYciency of the venous drainage may be due to stenosis or occlusion of the sinus draining
a moderate flow rate DAVF, or to a very high flow rate DAVF which cannot be drained by a
normal or even enlarged sinus. Depending on the retrograde venous drainage, three subtypes
are distinguished:
Type IIa: retrograde venous drainage into sinus(es) only
Type IIb: retrograde venous drainage into cortical vein(s) only
Type IIa+b: retrograde venous drainage into sinus(es) and cortical vein(s)

Type III: DAVFs draining directly into a cortical vein without venous ectasia
Type IV: DAVFs draining into a cortical vein with a venous ectasia >5 mm in diameter and three
times larger than the diameter of the draining vein.

Type V: DAVFs (intracranial) draining into spinal perimedullary veins
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ASSOCIATED CLINICAL PHENOMENA

In five patients there were clinical complica-
tions from chronic or acute tonsilar herniation
In patient 10 (figure 2), an SSS fistula evolv-

ing for 16 years produced an intracranial
hypertension leading to an asymptomatic
chronic tonsillar herniation which was dis-
closed on MRI. The fistula drained into the
TS, SS, and ISS. Both TS were stenosed. The
cerebral venous drainage through transcerebral
and meningeal veins was extremely prolonged.
Patient 1 (figure 3), with an SSS high flow

fistula, has been followed up for 15 years. The
fistula drained into the SSS and left TS. The
right TS was thrombosed. The encephalon
drained into the superior petrosal sinuses,
sphenoparietal sinuses, and superior ophtalmic
veins. On MRI a tonsillar herniation was found
as well as hydromyelia; both were asympto-
matic.
Patient 11 had a very high flow fistula of the

right TS.Nine years after diagnosis, the patient
presented with a decrease of visual acuity. The
fistula drained into the left TS and SSS. The
cerebral venous drainage through the cavern-
ous sinuses and meningeal veins was extremely
prolonged. It was impossible to reduce the flow
enough to obtain a clinical improvement by
endovascular means. A lumboperitoneal shunt
was performed. Immediately after the shunting
procedure, the patient had a general seizure
and died from respiratory problems due to an
acute tonsillar herniation.
Patient 3 (figure 4) had a right TS fistula.

For four years the patient had had a headache
and impairment of visual acuity. The fistula
drained into the left TS, SS, and cortical
veins. Both TS were thrombosed and the
cerebral venous drainage through the cavern-
ous sinuses and meningeal veins was pro-
longed. Due to ineYcient results of endovas-
cular treatment together with a further
decrease of visual acuity, a lumboperitoneal
shunting was performed, instantly leading to
coma, which was reversed on removal of the
shunt.

Patient 13, a 60 year old man had a left sided
tinnitus, increasing headache, and visual
obscurations. On clinical examination a left
sided retroauricular bruit was audible. Fundu-
scopic examination disclosed bilateral papil-
loedema. Brain CT performed after contrast
administration was normal. After a lumbar
puncture the patient acutely deteriorated with
deep confusion, hallucinations, and mild
aphasia. Cerebral angiography disclosed a
complex dural fistula; a left TS type IIa+b fis-
tula draining backward to the right TS and left
cortical veins (probably responsible for the
acute aphasia), a right TS and torcular type IIa
fistula draining into the SSS, and a right
paracavernous fistula draining into cortical
veins. The cerebral venous drainage, mainly
through the deep venous system and transme-
ningeal veins, was extremely prolonged. An
endovascular treatment using coils to occlude
the left TS was performed through the left
jugular vein. Additionally two endovascular
procedures were performed, by which most of
the meningeal branches of both external
carotid arteries were embolised using glue
(Histoacryl). One week after these procedures,
the patient was fully conscious, without
neurological deficits.

Discussion
Pseudotumor syndrome was initially de-
scribed by Quincke in 1897 under the term
“serous meningitis” as a concept of raised
intracranial pressure due to impaired CSF cir-
culation secondary to several aetiological
factors.5 The term “benign intracranial hyper-
tension”, was introduced by Foley in 1955.6

The various terms associated with isolated
intracranial hypertension reflect the extreme
heterogeneity of the aetiological factors, thus
making benign intracranial hypertension a
very miscellaneous group.7–11 In 1974, John-
ston and Paterson asserted that “error in diag-
nosis of benign intracranial hypertension due
to overlooking other causes of raised intracra-
nial pressure are few if the appropriate criteria
are observed”.1 2 In 1991, Johnston et al
proposed a classification of “pseudotumor
syndromes”.3 Group IA corresponds to “true
benign intracranial hypertension” with no rec-
ognisable cause. These idiopathic benign
intracranial hypertensions are known to occur
usually in women of reproductive age, most
often overweight or obese, and often display-
ing menstrual irregularities.1 8 9 12–16 Group IB
of Johnston et al corresponds to “primary
pseudotumor syndrome” with recognised pre-
cipitating cause. Group II is secondary pseu-
dotumor syndrome due to either impairment
of cerebral venous outflow or altered CSF
composition. Impairment of cerebral venous
outflow can produce intracranial hypertension
either by venous obstruction, as in cerebral
venous thrombosis (CVT), or by hypertension
(dural fistulas, intracranial arteriovenous mal-
formations).
Several authors have described cerebral

venous thrombosis,mimicking benign intracra-
nial hypertension.8 12 17–20 For these reasons,
Rousseaux et al20 proposed to add a fifth crite-

Table 1 continued

Patterns of cerebral venous drainage
Follow up
(y) Complications

Extremely prolonged, via SPS, sphenoparietal S,
SOV, meningeal veins

15 Chronic tonsilar herniation

Prolonged via SSS and right TS 1
Extremely prolonged, via cavernous sinus and
meningeal veins

3 Acute tonsilar herniation (coma)
after lumboperitoneal shunting

Prolonged via diploic and facial superficial veins,
cavernous S, SOV

0.5

Prolonged via SSS, SPS, cavernous S 6

Prolonged, via SSS, SS, both TS 1

Prolonged, via SSS, Left TS 19

Prolonged, via SSS, rigth TS 2

Prolonged SSS, sphenoparietal S, cavernous S 23
Extremely prolonged, via cav S and meningeal
veins

16 Chronic tonsilar herniation

Extremely prolonged, via cav S and meningeal
veins

8 Acute tonsilar herniation (death)
after lumboperitoneal shunting

Prolonged via SSS and right TS 3

Prolonged via straight S, right TS, meningeal
veins

0.5 Acute confusion after lumbar
puncture regressive after
embolisation
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rion to those of Johnston and Paterson;
“absence of cerebral venous thrombosis proved
by cerebral angiography.”

Figure 1 Patient 5. A patient with an 8 year history of
tinnitus and 4 year history of headaches. Present clinical
finding is decreasing visual acuity and papilloedema.
Contrast injection in the right (A) and left (B) occipital
artery. Arteriovenous fistula of the torcular draining in both
TS and SSS. Left external carotid injection, late venous
phase (C). Injection in right (D) and left (E) internal
carotid artery, showing the prolonged cerebral venous
drainage through both cavernous sinuses.

Dural arteriovenous fistulas 311
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DURAL FISTULAS MAY PRODUCE ISOLATED

INTRACRANIAL HYPERTENSION MIMICKING

BENIGN INTRACRANIAL HYPERTENSION

Symptoms of intracranial hypertension have
often been described as symptoms of
DAVFs.21–27 The problem is to be aware of the
possibility of a dural fistula when the patient
presents with isolated intracranial hyper-
tension. In fact, in the present study, in nine
patients, the first presentation of the DAVF
was by symptoms of intracranial hypertension
(seven isolated, two associated with tinnitus).
In the four remaining patients, the first symp-
toms of the DAVF were tinnitus in two
patients, dilatation of superficial frontal veins
in one, and seizures in one. In these four
patients, symptoms of intracranial hyperten-
sion appeared with long term evolution, from
1 to 13 years after the first onset of symptoms.
patient 13 illustrates the diYculty in diagnos-
ing a dural fistula as the cause of intracranial
hypertension, even in the presence of tinnitus,
which is its most characteristic symptom.
Furthermore, tinnitus has been described as a
common sign of increased intracranial
pressure.1 16 28 Tinnitus can be attributed to
the intracranial hypertension and may there-
fore lead to the wrong diagnosis. Brain CT and
MRI are often normal in dural fistulas without
cortical venous drainage. Lumbar puncture is
of considerable interest in the exploration of
isolated intracranial hypertension, but may be
very dangerous in the presence of a dural
fistula. Thus, before performing a lumbar

puncture in patients with isolated intracranial
hypertension, attempts should be made to try
to exclude the existence of a dural fistula. An
external carotid artery Doppler examination
searching for an asymmetric velocity could be
helpful, and if abnormal, followed by cerebral
angiography. This is in agreement with the
proposition by Rousseaux et al20 to add a nor-
mal cerebral angiography as the fifth criterion
of benign intracranial hypertension. The
accuracy of MR angiography to disclose
DAVFs remains to be established.

LONG TERM EVOLUTION OF DURAL FISTULAS MAY

PRODUCE DEVASTATING INTRACRANIAL

HYPERTENSION

Intracranial hypertension caused by cerebral
venous thrombosis most often rapidly improves
if the thrombosed sinus(es) is recanalised.17 On
the other hand, symptoms of intracranial hyper-
tension often worsen in the long term evolution
of dural fistulas. The persistent arterialisation of
the main dural sinuses for many years, in
untreated or incompletely treated fistulas, is
responsible for devastating symptoms of intrac-
ranial hypertension. The consequences may be
tragic, with continuous loss of visual acuity
leading to complete blindness, or with chronic
or acute tonsilar herniation that may be lethal.
It is necessary to define the angiographic

features of DAVFs to allow the prediction of
later occurrence of intracranial hypertension.

Figure 2 Patient 10. The patient presented in 1975 with
dilatation of frontal superficial veins. Angiography at that
time disclosed a type IIa AVF of the SSS. In 1988, there
was bilateral impairment of visual acuity. A repeated right
sided ECA angiography (A) shows immensely dilated
pedicles to the fistula. Venous phase (B): drainage into the
dilated SSS, both TS and straight sinus. Sagittal T1
weighted MRI (C) shows chronic tonsillar herniation and
syringomyelia.
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Type of fistula
In our previous study,4 intracranial hyperten-
sion was present in 10 of 55 patients with type
II fistulas (20%) and in two of 84 patients with
type I fistulas.
Type I DAVFs are always considered as

benign but in two of our patients it produced
impairment of the cerebral venous drainage
and symptoms of intracranial hypertension:
in patient 2, the high flow fistula was located
on the only functional transverse sinus
(contralateral hypoplastic transverse sinus), in
patient 6, the fistula was bilateral (located on
both transverse sinus). In these patients,
despite a normal antegrade drainage of the
fistula, the cerebral venous drainage was

impaired, which induced a raised intracranial
pressure.
Type II DAVFs drain into a sinus with insuf-

ficient antegrade venous drainage and abnor-
mal retrograde venous drainage into sinuses or
cortical veins. InsuYciency of the fistula
venous drainage and reflux may be due to
moderate flow rate DAVF in cases of stenosis
or occlusion of the sinus. On the other hand,
very high flow rate DAVF may create similar
insuYciency of the venous drainage despite a
normal or even enlarged sinus. In our 13 type II
fistulas (in 11 patients), we found a retrograde
drainage and arterialisation of the SSS in five
patients, of the ISS in one, of the SS in two, and
of the controlateral TS in six.

Figure 3 Patient 1. Type IIa AVF of the SSS. The patient
presented with headache and visual obscurations. Right
ECA angiogram (A) shows dilated feeding arteries. Left
ECA angiogram late venous phase (B) drainage through
the left TS. The right TS is occluded. Right intracranial
artery, venous return (C) prolonged venous drainage
through cavernous sinuses and superior ophtalmic vein.
During an attempt to occlude the SSS by a transvenous
approach a microcatheterisation and contrast injection in
cortical veins was performed (D), showing backward
drainage. Sagittal T1 weighted MRI (E) shows tonsillar
herniation.

Dural arteriovenous fistulas 313
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Anomalies of the sinuses
The main factor which is associated with the
arterial reflux into sinuses and contributes to
compromise the cerebral venous drainage is an
anomaly of the sinus distal to the fistula. This
feature was present in five of our patients. The
relation between sinus thrombosis and DAVFs
has been described by others. Most authors
agree that DAVFs arise from sinus
thrombosis.7 10 30–34 Sinus lesions secondary to
initial thrombosis may be spread not only to
the parent sinus but also to others. Also, the
fistula itself and arterialisation of sinuses may
induce secondary lesions to the sinus
wall.4 26 29 35–37 Thus three main factors are of
importance in modifying the cerebral drainage:
arterialisation of the sinus due to the fistula,
sinus lesions due to the initial thrombophlebi-
tis, and secondary sinus wall lesions due to the
arterial flow. The best witness of these haemo-
dynamic or thrombotic changes of the venous
pathways is study of the cerebral venous drain-
age.

Cerebral venous drainage
Angiographic examination, with contrast injec-
tion into the contralateral internal carotid and
vertebral arteries, is indispensible in the study
of the cerebral venous drainage. In our
patients, the cerebral venous drainage was
always abnormal with prolongation of paren-
chymal phase venous outflow. The venous
drainage was through the SSS and TS in only
five of the 13 patients. The main pathways for
venous outflow were cavernous sinuses (seven
patients) and meningeal or transdiploic drain-
age (six patients).

Management implications
In type II dural fistulas, it is necessary to
precisely evaluate the impairment of the
venous outflow and as a consequence of this,
the venous hypertension. In our opinion, type
II fistulas should be defined as fistulas with

abnormal cerebral venous drainage predispos-
ing both symptoms of intracranial hyperten-
sion and complications, taking into account not
only the venous drainage of fistulas but also any
existing sinus anomaly. The cerebral venous
drainage pattern has to be followed angi-
ographically in the long term evolution of type
II fistulas. Any changes of the venous drainage
pattern have to be related to the neurological
symptomatology. The venous hypertension
may augment, either by increased flow rate or
by decreased venous outflow. If there is
increased flow rate, this has to be evaluated
often (once a year) by flow velocity control,
using Doppler. An important increase in the
flow velocity may lead to increased venous
reflux into the main sinuses which in turn can
induce an impairment of the cerebral venous
drainage. Indications of increasing flow velocity
by Doppler should lead to a repeated angi-
ographic examination.

PATHOPHYSIOLOGY

Kuhner et al and Tomsick et al have postulated
that the mechanism of intracranial hyperten-
sion in dural fistulas is the increased dural sinus
pressure, resulting in a secondary diminution
of the CSF absorption.23 38 Lamas et al have
shown that the increased pressure in the SSS is
directly related to the flow rate inside the
fistula; in one patient, decreasing flow rate by
embolisation, they normalised the pressure
inside the SSS.39 The most likely hypothesis to
explain intracranial hypertension in type II
DAVFs is that the increased pressure in the
SSS produces a reduction in CSF resorption.
Resorption of CSF is a passive phenomenon
roughly depending on the following equation:

CSF resorption=CSF pressure−SSS pressure/
resistance of outflow

Thus it follows that an increase in SSS pres-
sure lowers the CSF resorption which in turn
leads to increased intracranial pressure. Fur-

Figure 4 Case 3. The patient presented in 1982 with headache, visual obscurations, and visual loss. Two sessions of
arterial embolisation using particles resulted in a transient clinical improvement. In 1986, a lumboperitoneal shunting
resulted in deep coma, which reversed after removing the shunt. Right common carotid artery angiogram (A) venous return
of the type IIa+b right TS AVF.Venous drainage through the right TS occluded downstream backwards to the left TS (very
narrowed). Left intracranial artery angiogram (B) shows the prolonged venous drainage. There is absence of opacification
of SSS, both TS, and straight sinus.
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thermore, in accordance with the Monroe-
Kellie rule, the increased SSS pressure pro-
duces a rise in cortical venous pressure. The
increase in intracranial pressure restores the
gradient across the villi, thereby balancing the
increased SSS pressure. Janny et al have postu-
lated that dysfunction of the CSF resorption is
present in benign as well as in some non-
benign forms of intracranial hypertension, sug-
gesting the same mechanism in both
conditions.18 In their study, the pressure
gradient between CSF and SSS was reversed or
nullified in patients with sinus hypertension or
sinus obstruction, whereas CSF resistance of
outflow was found to be normal. In cerebral
venous thrombosis as well as in dural arteriov-
enous fistulas, the impairment of the venous
outflow is responsible for the increase in SSS
pressure.

LUMBAR PUNCTURE OR SHUNTING IS DANGEROUS

Five of the 13 patients in the present study were
particularly illustrative by showing the conse-
quences of the pressure gradient between SSS
and CSF. The increased intracranial pressure
leads to an altered equilibrium, with increased
CSF pressure against the increased pressure
into the arterialised sinuses. This alteration of
the equilibrium may be modified, either by
arterial embolisation for better, or by lumbar
shunting or puncture for worse.
In two of our patients, asymptomatic chronic

tonsillar herniation improved after arterial
embolisation. In each of these patients chronic
tonsillar herniation was found after a follow up
period of 15 and 16 years respectively. After
arterial endovascular treatment, the lowered
arterial and thus sinus pressure resulted in
decreased intracranial pressure.
In three patients, on the other hand, we

found acute clinical deterioration. Two of these
(patients 3 and 11) had high flow fistulas
followed up for 3 and 8 years respectively.
Arterial embolisations performed resulted in a
temporary clinical improvement. Lumbar
shunting was indicated because of acute loss of
visual acuity. After the shunting procedure,
patient 11 died from respiratory problems due
to acute tonsillar herniation. Patient 3 became
comatose shortly after shunting.However, after
removing the shunt, the patient regained
consciousness. Patient 13 acutely deteriorated
with deep confusion, hallucinations and mild
aphasia after a diagnostic lumbar puncture.
One week after three sessions of endovascular
treatment, the patient was asymptomatic.
We think that the mechanism explaining the

deterioration in these three patients is that the
rapid decrease in CSF pressure that follows a
lumbar shunting or puncture induces an acute
diVerential pressure and leads to herniation.
Therefore it must be kept in mind that DAVFs
can induce potentially devastating intracranial
hypertension. Lumbar CSF diversion should
be absolutely avoided in these patients.

THERAPEUTIC ATTITUDE

The treatment of type II fistulas has previously
been discussed.4 As it seems that retrograde
drainage produces intracranial hypertension in

20% of the patients, type II fistulas conse-
quently must be considered as potentially dan-
gerous. Asymptomatic patients have to be
examined repeatedly (once a year) with
neurological examination including ophthal-
moscopy, and Doppler studies. We think that
MRI could play a part as a method of screening
patients with benign intracranial hypertension.
However, our own experience in this field is too
limited to draw any firm conclusions. MR
angiography will probably be a reliable examin-
ation in the future. Nevertheless, its capacity to
precisely analyse the fistula venous drainage
and the cerebral venous drainage will remain
certainly less accurate than selective or hyper-
selective angiography. Whatever the method,
the competition of the venous drainage of the
fistula and of the brain needs to be clearly ana-
lysed to indicate the therapeutic decisions.
Due to the poor prognosis of longstanding

intracranial hypertension, patients with intrac-
ranial hypertension have to be treated (even
aggressively). The aim for the treatment should
not be an anatomical cure if it is risky, but
instead the flow rate inside the shunt should be
decreased, thereby reducing the pressure inside
the sinus.
Arterial embolisations using particles is con-

sidered to be the treatment posing less
risks.27 32 40 41 However, the long term results
using this method are disappointing, showing a
high degree of arterial recanalisation. Emboli-
sation with glue is often required but may be
insuYcient in patients with multiple pedicles
and large shunts, or where the arterial feeders
originate from the internal carotid or vertebral
arteries.32 41 42 The transvenous approach by
retrograde or contralateral catheterisation of
the parent sinus and occlusion using coils is
considered by several neuroendovascular
teams to be the best way to cure these
fistulas.4 29 42–45 In some patients, catheterisation
of the parent sinus is impossible and a surgical
approach is required. It may consist of either a
surgical embolisation combined procedure by
direct puncture and coiling through a burr hole
created a few days before or a direct surgical
exposure and occlusion of the parent sinus.

Conclusion
Dural fistulas may produce isolated intracra-
nial hypertension mimicking benign intracra-
nial hypertension. The isolated intracranial
hypertension is also diYcult to distinguish
from benign intracranial hypertension. Thus
before performing a lumbar puncture in
patients with isolated intracranial hyperten-
sion, attempts should be made to exclude the
existence of a dural fistula. Dural fistulas
produce intracranial hypertension which is
associated with a poor long term prognosis.
They may often induce an important decrease
of visual acuity and may also cause acute dete-
rioration due to acute increases in intracranial
pressure which may lead to cerebral herniation.
The cerebral venous outflow impairment in
type II fistulas has to be carefully studied by
cerebral angiography, including examination of
contralateral carotid and vertebral arteries. All
patients have to be carefully and repetitively
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followed up. Endovascular treatment aiming at
reducing the flow rate of the fistula, is in our
opinion often required.
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