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Abstract. Nine men with dural arteriovenous malforma-
tions (DAVM) at the base of the anterior cranial fossa are
described. Four patients had intracerebral haemorrhage
and four had seizures, associated with haemorrhage in
two. In three cases the fistula was an incidental finding. In
five cases the diagnosis could be made before angiog-
raphy, on the basis of CT findings. Angiographically, ve-
nous drainage was always seen into ascending cortical
veins. Five cases demonstrated drainage via the olfactory
vein into the basal vein of Rosenthal; in four this way was
the principal route of drainage. Five patients underwent
surgery, the therapy of choice. One fistula closed sponta-
neously after angiography. Two patients refused treat-
ment and one was not treated because of his poor general
condition. Because arterial supply was usually bilateral,
from small branches of the ophthalmic artery, embolisa-
tion seemed to be more dangerous. Compared to dural fis-
tulae in other locations the DAVM of the anterior cranial
fossa have a higher risk of complications and should be
treated even if asymptomatic at the time of diagnosis.
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There are few reports of dural arteriovenous fistulae at
the base of the anterior cranial fossa. In comparison to
those in the posterior cranial fossa and the cavernous sinus
region, frontobasal dural arteriovenous malformations
(DAVM) are less common. Since first description in 1963
[1] about 40 cases have been reported.

Nine cases of frontobasal dural fistulae were diagnosed
in our department between 1988 and 1992, suggesting that
they are not as rare as previously thought. The clinical and
neuroradiological features are described and compared to
those in published cases.
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Patients and methods

A DAVM of the anterior cranial fossa was diagnosed in nine men
admitted to hospital between 1988 and 1992. Their age ranged from
24 to 69 years with highest incidence in the 6th decade (mean age
55 years).

All patients underwent CT using a high performance scanner
(512 x 512 matrix). Scans before and after contrast medium were ob-
tained in five cases. Four patients had only an unenhanced study.
Bilateral selective intra-arterial digital angiograms of the carotid ar-
teries were performed in all cases. One patient (case 2) was exam-
ined with MRI using a special Helmholtz head coil. T1-weighted spin
echo images (TR 500 ms, TE 15 ms) before and after gadolinium-
DTPA were obtained in axial, coronal and sagittal plane. Axial T2-
weighted (TR 2400 ms, TE 90 ms) spin-echo images were also per-
formed. Slice thickness was 5 mm.

Five patients underwent surgery.

Results
Clinical features

A summary of the symptoms and signs on admission is
givenin Table 1.

In three patients the fistula was an incidental finding;
they had no symptoms or signs which could be related to
the fistula. In four patients one or more seizures led to ad-
mission. One patient had progressive coma.

In the patients with an incidental DAVM, the indica-
tion for CT in case 7 was atypical headache and vertigo;
these symptoms were related to degenerative change in
the cervical spine. Case 6 suffered from depression of the
elderly, while case 3 was admitted because of an acute
stroke with a right hemiparesis and global aphasia due to
occlusion of the left middle cerebral artery (MCA).

Seizures leading to admission occurred in four patients
(cases 1,2, 4, 5), in two of whom (cases 2, 4) they accom-
panied intracerebral haemorrhage. Case 1 was admitted
because of a first generalised seizure. Three patients
(cases 2, 4, 5) had recurrent seizures. Four patients
(cases 2, 4, 8, 9) presented with an acute bleed. In cases 4
and 8 haemorrhage was in the basal portion of the frontal



Table 1. Clinical features

Case/sex/age History Examination
(vears)
1mod First seizure Normal
2m 56 Seizures, recurrent Left hemiparesis
left parietal haemorrhage
3m 57 Left hemispere stroke Global aphasia,
due to MCA occlusion right hemiparesis
4m24 Seizures, recurrent Disorientation,
headache memory disturbance
Sm35 Seizures, recurrent Normal
vertigo
6 m 66 Headache, depression for Normal
1 year
7m 69 Headache, vertigo Normal
8m 66 Acute headache with Left hemiparesis,
disorientation progressive coma
9m 59 Headache, memory Impairment of read-
disturbance ing and writing

MCA, Middle cerebral artery

Table 2. Initial CT findings

Case Before After intravenous contrast

medium
1 Left frontal oedema Brightly enhancing basal
vein
2 Parietal haemorrhage Enhancing vein frontobasal
3 Ischemia left MCA territory  Not performed
4 Frontobasal blood Not performed
5 Normal Enhancing vein frontobasal
6 Normal Enhancing vein frontobasal
7 Normal Enhancing vein frontobasal
8 Frontobasal and Not performed
intraventricular haemorrhage
9 Left temporal haemorrhage  Not performed

MCA, Middle cerebral artery

lobe, while in cases 2 and 9it was distant from the shunt, in
the parietal region (case 2) and in the left temporal lobe
(case 9). Case 8 developed progressive coma due to intra-
cerebral and intraventricular haemorrhage with increas-
ing intracranial pressure.

The histories revealed no predisposing factors. Most of
the patients had previously been asymptomatic, and none
had a history suggestive of sinus thrombosis, head trauma,
surgery or chronic inflammation in the paranasal sinuses.
None had visual disturbance.

Computed tomography

Unenhanced scans showed no abnormality in three cases
(nos.5-7). After administration of contrast medium a
markedly enhancing frontobasal linear or tortuous hyper-
density was seen in five patients (cases 1, 2, 5-7), corre-
sponding to the dilated draining veins of the fistula
(Figs.1a,2a). The unenhanced scan in case 1 showed
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slight oedema in the basal part of the left frontal lobe. In
the patient admitted because of an acute stroke (case 3)
CT demonstrated an infarct in the left MCA territory;
contrast-enhanced CT was not performed. In two patients
(cases 4 and 8) CT showed a frontobasal intracercbral
haematoma without signs pointing to an underlying mal-
formation (Fig.3); contrast-enhanced CT was not per-
formed.

In case 2 recurrent haemorrhage was found in the left
parietal region (Fig.4a), without close topographic rela-
tion to the frontobasal AVM. CT in case 9 showed haema-
toma in the left temporal lobe, also distant from the fron-
tobasal fistula.

The CT findings are summarised in Table 2.

Angiography

The angiographic appearances (Table 3) were very simi-
lar in all cases. The fistula was at the level of the foramen
caecum.

Arterial supply was by numerous small ethmoidal
branches of the ophthalmic artery in all nine cases
(Figs.2c, 4b), with bilateral supply in six. Two showed an
additional supply from the middle meningeal artery via
the anterior falx artery (Fig.2b), and two were supplied
by ethmoidal branches of the internal maxillary artery
(Fig.2b).

Venous drainage always included ascending cortical
veins (Fig.2c¢). Variceal dilatation of the veins and pseu-
doaneurysms were seen in three cases (Fig.2 a, ¢). Five pa-
tients had drainage via olfactory veins into the basal vein
of Rosenthal (Figs. 1b, 4b), and in four this was the princi-
palroute of drainage.

Surgical findings and clinical course

Inthe five surgically treated patients the fistula was always
found at the cribiform plate at the level of the foramen
caecum. Feeding vessels were occluded by coagulation,
with complete obliteration of the fistula. In case 4 the fis-
tula closed spontaneously during angiography. Case 3 was
not operated upon because of his poor neurological condi-
tion. Two patients (cases 7 and 9) refused treatment.

Discussion

DAVM of the anterior cranial fossa are thought to be rare.
Since the first description [1] the available literature com-
prises only about 40 cases. Detailed reviews of the pub-
lished cases were given by Kobayashi et al. [2] and Hal-
bach et al. [3].

There is widespread controversy about their develop-
ment [5, 7, 9]; their etiology and pathophysiology are
unexplained. They are mainly considered to be acquired
lesions secondary to surgical manipulation, trauma, infec-
tion or venous obstruction [4-7]. One hypothesis [5] sug-
gests that in the presence of increased venous pressure,
due for example to sinus occlusion [8] physiological dural
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Fig.1a,b. Case 7 .a Contrast-enhanced CT. Opacification of a frontoba-
sal vessel (small arrows) suggesting an arteriovenous malformation
(AVM).

b Lateral internal carotid angiogram. Preferential venous drainage from
the olfactory vein (small arrows) via the internal frontal vein into the
basal vein of Rosenthal (open arrow). Some drainage into ascending cor-
tical veins (arrowheads)

Fig.2a—¢. Case 1. a Conirast-enhanced CT-scan with dilated cortical
draining vein (arrow) and surrounding frontal oedema. b Left external
carotid arteriogram (lateral on the left ) with fistula at the foramen
caecum (large arrow). The feeding vessels correspond to the descending
frontal falcine artery (small arrow) and ethmoidal branches of the inter-
nal maxillary artery (arrowheads). Note the varicose ascending cortical
draining vein. ¢ Lateral internal carotid angiogram showing supply
from ethmoidal branches of the ophthalmic artery. Same draining vein
asin b, joining the superior sagittal sinus

microshunts might enlarge, leading to the visible and
sometimes symptomatic fistula. A relationship between
the existence of a fistula and the embryonic development
of the cerebral vasculature is also postulated [9]. Persis-
tance of an enlarged olfactory emissary vein in the cribri-
form plate may be the anatomical basis for the develop-
ment in this location of a fistula.

In all our patients, as in most reported cases there was
no history of any of the above-mentioned causes nor of
venous sinus occlusion. The second assumption therefore
seems more likely. Both theories depend on the presence
of microshunts in the dura mater.

The observed predominance of males is unexplained.
All of our patients were men, as were nearly 90% of
cases in the literature. This is in contrast to the posterior
cranial fossa and cavernous sinus DAVM, with a pre-
dominance of females [3, 5-7, 10, 11]; our own 51 cases
of DAVM in these regions show a male to female ratio
of 2:3.
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Clinically, the DAVM in the posterior cranial fossa is
quite different from that of the anterior skull base [12]. In
the posterior fossa DAVM there is often no other symp-
tom than a bruit [13]; in a number of cases it is an inciden-
tal finding on Doppler ultrasonography. This type of
DAVM is less dangerous and produces neurological defi-
cits less often than the frontobasal variety [10, 13].

Houser et al. [5] demonstrated occlusion of the ipsilat-
eral transverse or sigmoid sinus in 60 % of their cases of
DAVM of the posterior cranial fossa, and concluded that
dural vessels within the sinus develop and lead to arte-
riovenous shunting during the organisation of a venous
thrombosis. However, other workers, describing sponta-
neous closure of DAVM [14-18], suggest that elevation of
venous pressure, with concomitant stasis of venous flow
upstream results in thrombosis of the venous sinus, lead-
ing to occlusion of fistula. The aetiology and pathophysio-
logy of DAVM are unexplained; those in the posterior cra-
nial fossa might be caused to other mechanisms than those



of the anterior skull base, which may also explain the clini-
cal and radiological differences. Phylogenetic abnor-
malities may have an influence on the development of
DAVM [19].

In the light of the classification by Djindjian and Mer-
land [4] of DAVM by venous drainage (Table 4) all nine
fistulae must be classified as type III, because drainage
into cortical veins was seen always. This classification, re-
gardless of the location of the fistula, is of therapeutic im-
portance because DAVM with cortical venous drainage
are more often associated with severe complications such
as haemorrhage and require a more aggressive thera-
peutic approach [13].

In afew cases of anterior fossa DAVM venous drainage
into basal veins has been reported [20]. We found pre-
dominant drainage via olfactory veins into the basal vein
of Rosenthal, not only into ascending cortical veins in al-
most half our cases. It therefore seems useful to divide
type III into two subgroups: (a) with drainage into as-
cending cortical veins and (b) with predominant drainage
into deep cerebral veins.

The symptoms and signs in our patients differed from
those in the literature [2, 12, 21]. The presenting symptom
is said to be haemorrhage, intracerebral or subarachnoid
{22] in about 90 % of published cases. In nearly half of our
patients it was seizures which led to admission. A causal
relationship between seizures and alteration or cercbral
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Fig.3. Case 4. Frontobasal intracerebral haemorrhage along the
draining vein. No subarachnoid haemorrhage

Fig.4a,b. Case 2. a T1-weighted MRI demonstratingleft parietal
parenchymal damage (arrows) due to first bleeding distal to the
frontobasal fistula and recurrent haemorrhage in this region. b Lat-
eral internal carotid angiogram. Frontobasal fistula with same route
of drainage as in case 7 into the basal vein of Rosenthal (arrows). A
little drainage into ascending cortical veins is seen. There are no
signs of an AVM in the parietal region
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haemodynamics due to the shunt can be assumed, but
could not be proved in the individual cases. Four of our pa-
tients had intracerebral haemorrhage butin only two was
there a close topographical relationship to the fistula. Sub-
arachnoid haemorrhage and subdural haematomas — ac-
cording to the literature a common initial finding — did not
occur in any of our cases. In three of nine cases the DAVM
was an incidental finding.

In five patients without bleeding the diagnosis could be
established by careful analysis of the CT (Fig.5). A con-
trast-enhanced examination with thin slices through the
frontobasal region allows in many cases identification of
the draining veins and may establish the diagnosis before
angiography.

Cases 2 and 9 differed from the others: the first had re-
peated haemorrhages at the same site in the left parietal
region, distant from the frontobasal fistula, while the sec-
ond was admitted because of a left temporal intracerebral
haemorrhage. Angiography (in both) and repeated MRI
(in case 2) did not demonstrate a vascular malformation in
the vicinity of haemorrhage. It remains unclear if there
was any relationship between the frontobasal fistula and
the haemorrhage. Harding et al. [23] described two cases
of caroticocavernous fistula complicated by intracerebral
haemorrhage, and Fardoun et al. [24] a tentorial DAVM
complicated by a temporoparietal haemorrhage. In all
these cases a local elevation of venous pressure due to the
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Table 3. Angiographic findings

Case Arterial supply Venous drainage

1 Left IMA, MMA, OA ACV1t0SSS
Right OA

2 Left — OVtoBVR
Right OA ACVtoSSS

3 Left OA ACVtoSSS
Right OA

4 Left OA OVtoBVR
Right - ACV 10 SSS

5 Left MMA, OA ACV 1o SSS
Right OA OVto BVR

6 Left - ACVt0SSS
Right OA

7 Left OA OV1toBVR
Right IMA, OA ACVt0SSS

8 Left OA OVtoBVR
Right OA ACVtoSSS

9 Left OA ACV 1o SSS
Right OA

OA, Ophthalmic artery; IMA, internal maxillary artery; MMA, me-
dial meningeal artery; OV, olfactory vein; ACV, ascending cortical
vein; SSS, superior sagittal sinus; BVR, basal vein of Rosenthal

Table 4. Classification of dural arteriovenous malformations by
venous drainage (Djindjian and Merland [4])

Typel Drainage into a sinus (or a meningeal vein)
Type I Sinus drainage with reflux into cerebral veins
Type IIT Drainage solely into cortical veins

Typ 1V With supra- or infratentorial venous lake

route of drainage might explain the haemorrhage. In our
cases the minimal drainage via ascending cortical veins
makes a direct relationship questionable. A significant
elevation of venous pressure is not very likely, but it would
be of interest to discover whether other workers have
similar experiences.

Treatment can be surgical or by embolisation. Surgi-
cally, the DAVM is easily coagulated at the foramen
caecum, with complete occlusion of the fistula. Because of
the multiple feeding vessels from the ophthalmic artery
and inconstantly from the meningeal and maxillary ar-
teries, interventional therapy by embolisation may be

Fig.5. Case 5. CT before and after intravenous contrast medium
demonstrating abnormal frontobasal vessels, invisible before injec-
tion

more dangerous or ineffective. Spontaneous closure is
possible, asin all DAVM, but rare [16, 17, 25]. It occurred
during angiography in one of our patients (case 4).
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