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Abstract
Background Anterior cranial fossa dural arterio-venous fistulas
(DAVFs) represent 6% of all intracranial DAVFs; characteristi-
cally they show an aggressive behaviour with high risk of intra-
cranial haemorrhage. Peculiar anatomical features, such as feed-
ing by the ethmoidal arteries and the pattern of venous drainage
(frequently with varices that mimic aneurysmal dilatation), can
be evaluated in detail only by digital subtraction angiography
(DSA), which represents the Bgold standard^ in the diagnosis
of such cranial fistulas. Recent technological developments in
endovascular management of this type of DAVF have partially
reduced the morbidity risk related to this modality of treatment.
Our purpose is to present our experience in the surgical manage-
ment of 14 patients with anterior cranial fossa DAVFs, with
attention paid to the possible role of preoperative embolisation
in these cases and to the surgical technique.
Method Between 1999 and 2015, 14 patients with anterior
cranial fossa DAVFs were submitted to surgery in two neuro-
surgical departments; the mean age was 63 years old; nine
DAVFs caused intracranial haemorrhage (subarachnoid haem-
orrhage in three cases, intracerebral haemorrhage in six cases).

Pre-operative embolisation was attempted in an early case and
was successfully done in one recent case. In all patients, the
surgical approach chosen was a pterional craniotomy with a
lowmargin on the frontal bone in order to gain the exposure of
the anterior cranial fossa and especially of the olphactory
groove region; the resection of the falx at its insertion on the
crista galli was needed in five cases in order to get access to
the contralateral afferent vessels. Cauterisation of all the dural
feeders on and around the lamina cribrosa was needed in all
cases; venous dilatations were evident in eight patients (in
seven out of nine patients with ruptured DAVF and in one
out of five patients with unruptured DAVF) and were removed
in all cases. One patient harboured an ophthalmic artery aneu-
rysm, which was excluded by clipping.
Results One patient died 5 days after surgery due to the sever-
ity of the pre-operative haemorrhage. Postoperative DSA
showed the disappearance of the DAVF and of the venous
pseudo-aneurysms in all cases. Clinical outcome was
favourable (without neurological deficits) in 11 patients; three
patients presented an unfavourable clinical outcome, due to
the severity of the initial haemorrhage.
Conclusions Surgical exclusion of the anterior cranial fossa
DAVFs still represents the gold standard for such lesions, due
to low post-operative morbidity and to complete protection
against future rebleedings; endovascular techniques may help
the surgeon in complex cases.
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Introduction

Dural arterio-venous fistulas (DAVFs) of the anterior cranial
fossa represent a rare and peculiar subgroup of DAVFs (5.8%
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of all type of DAVFs), characterised by an aggressive
haemorrhagic pattern (91%) [6]. The recent trend in the clin-
ical management of DAVF has been significantly affected by
the endovascular techniques, especially for the treatment of
cavernous sinus, transverse sinus and torcula DAVFs. This
trend towards a wider use of endovascular techniques can be
easily related to the recent development of newmodalities and
materials employed: transarterial and transvenous techniques
in particular, together with new microcatheters [3, 12–14, 22].
DAVFs of the anterior cranial fossa have been previously de-
scribed as an exception to the trend towards endovascular
management: the risk of embolisation of the central retinal
artery, the small calibre of vessels and the risk of reflux of
embolising agents into the cerebral circulation were the main
deterrents for endovascular surgeons [1]. More recently, fur-
ther improvements of technology and techniques created the
basis for the endovascular management of such lesions and
small clinical series are becoming available in the literature [1,
3, 4, 12, 13, 15, 16, 22, 23].

Surgical management of anterior cranial fossa DAVFs
carries a low morbidity rate [11] but some pitfalls can compli-
cate their surgical exclusion; thorough analysis of digital sub-
traction angiography (DSA) and especially the characteristics
of afferent arteries, the venous drainage pattern, particularly if
a venous aneurysm is present, are all determinant factors for
the final complete exclusion of the DAVF and for a good
clinical results.

In this article we report our results in the surgical manage-
ment of anterior cranial fossa DAVFs in two neurosurgical
departments, in order to describe the DSA characteristics that
determine the surgical strategy for the exclusion, the surgical
technique and the postoperative outcome (at discharge and at
follow-up).

Materials and methods

Patient population

Between 1999 and 2015, 14 consecutive patients who were
referred to the Neurosurgical Departments of Verona and
Bergamo for treatment of anterior cranial fossa DAVFs were
identified via a retrospective chart review. The following pa-
rameters were recorded: there were 12 men and 2 women; the
mean age was 63 years (range, 54-80 years); the clinical pre-
sentation was haemorrhage in nine patients; computed tomog-
raphy (CT) scan at the admission demonstrated an intracere-
bral haemorrhage in six patients (with acute subdural
haematoma in one case and intraventricular haemorrhage in
one case); three patients were admitted to the emergency room
while in coma; a subarachnoid haemorrhage (SAH) was de-
tected in the other three patients. The diagnosis was incidental
in five cases and was related to epilepsy in one case, to

persistent headache in two cases, to visual disturbances in
one case. In the last patient, the DAVF was incidentally diag-
nosed during the follow-up after a sub-total surgical removal
of a cavernous sinus meningioma.

All patients were submitted to preoperative DSA in order to
visualise: (1) the main features of the afferent arteries (anterior
and posterior ethmoidal arteries, monolateral or bilateral;
transosseus branches of the internal maxillary artery and of
the external carotid artery, monolateral or bilateral; meningeal
branches of the external carotid artery); (2) the venous drain-
age pattern (direction of the drainage to the superior sagittal
sinus, to the cavernous sinus, to the sylvian veins or to the
Rosenthal vein), the possible presence of a venous varix and
the side of the drainage (Fig. 1). More recently, CT angiogra-
phy was also introduced as a preoperative diagnostic tool,
which can be helpful in planning the surgical approach.
Clinical and angiographical details of the DAVFs are reported
in Table 1. A venous varix was evident in eight cases and it
was double in one of them; more specifically, the venous varix
was present in seven out of nine patients with ruptured DAVF
and in one out of five patients with unruptured DAVF. A left
paraclinoid unruptured aneurysm was also detected during
DSA in one patient.

Preoperative embolisation was attempted in an early case
of this series, but technical difficulties (mainly catheter–de-
pendent) did not allow occlusion of the feeders.More recently,
a preoperative partial embolisation with n-butyl-2-cyanoacry-
late (nBCA) was conducted in one patient with bilateral eth-
moidal feeders, in order to facilitate the surgical exclusion of
the DAVF; a left anterior ethmoidal artery was embolised
without neurological deficits (Fig. 2); the patient was submit-
ted to surgery 3 weeks later.

Surgical technique

The surgical approaches were represented by a pterional and
bifrontal craniotomy. The former consisted in a modification
of the regular pterional craniotomy with a low margin on the
frontal bone in order to gain the exposure of the anterior cra-
nial fossa and of the olfactory groove region (where the DAVF
usually presents the point of fistula) and a medial extension to
the superior sagittal sinus (SSS) in order to get access to the
interhemispheric fissure. According to the preoperative DSA,
if bilateral afferent arteries were evident, a section of the falx
was done near to its insertion on the crista galli to obtain
exposition of the contralateral anterior cranial fossa. The re-
moval of the crista galli was made with a diamond high-speed
drill in order to control bleeding from transosseus afferent
arteries (branches of the internal maxillary artery);
haemostasis on the bone was obtained with the heat generated
by the drill and bone wax.

The standard bifrontal craniotomy permits a simultaneous
exposition of the anterior cranial base and the olfactory groove
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region on both sides and of the bilateral interhemispheric
fissure.

The exclusion of the fistula started with the cauterisation of
the main arteries directed to the point of the fistula; the
draining vein was sectioned only when it became dark and
soft; the lamina cribrosa was sealed with surgicel and fibrin
glue and—if present—the venous varix was removed. If an
intracerebral haemorrhage was present, a careful partial evac-
uation of the haematoma was done first in order to relax the
brain enough to get access to the anterior cranial base without
excessive retraction on the frontal lobe; after the exclusion of
the fistula, the haematoma was completely removed together
with the venous varix (Fig. 3) The surgical exclusion of the
paraclinoid aneurysm required an optic foraminotomy and
partial intradural clinoidectomywith diamond high-speed drill
to obtain exposure of the distal carotid ring and of the origin
the ophthalmic artery.

Outcome and follow-up

After the surgical procedure, most patients were submitted to
DSA to confirm the surgical exclusion of the DAVF. Outcome

was reported at discharge, at 6 months and beyond (follow-up
range, 24-72 months) according to the modified Rankin score
(mRS); the clinical outcome was divided into favourable (0-2)
and unfavourable (3-6).

Results

Clinical outcome was favourable in 11 cases; in two cases, the
mRS at discharge was 4 due to the poor clinical grade at the
admission; one patient died 5 days after surgery due to the
severity of the bleeding at admission. Surgical details and
clinical outcome are reported in Table 2.

The surgical approach chosen was the pterional craniotomy
in 13 case (93%) and the bifrontal craniotomy in one case (7%).
The pterional approach was right-sided in all patients except in
two cases, due to the presence of a left paraclinoid aneurysm in
one case and to a left venous varix in the other case. The
complete exclusion of the DAVF required the incision of the
falx to expose the contralateral anterior cranial base in five
cases; in all cases the venous varices were removed. The patient
submitted to exclusion of the unruptured carotid-ophthalmic

Fig. 1 A 68-year-old patient with a ruptured anterior cranial fossa
DAVF; DSA showed bilateral ethmoidal feeders—only right feeders are
shown (a, b) and monolateral right maxillary feeders (c, d) to the DAVF

(white arrowhead shows the point of fistula from the ethmoidal and
maxillary feeders) and a single venous varix. Postoperative DSA showed
complete exclusion of the DAVF (e, f)
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aneurysm, together with the exclusion of the DAVF, did not
present visual deficits after the procedure. No intraoperative
complications were reported during the surgical procedures.

Postoperative DSAwas carried out in 12 patients and con-
firmed the exclusion of the DAVF in all of them and also the
exclusion of the carotid-ophthalmic aneurysm in one patient.
DSAwas not performed in two cases: the first one due to early
postoperative death, the second one due to the age and the co-
morbidity of the patient.

Discussion

Anterior cranial fossa DAVFs represent a small percentage of
cranial DAVFs with peculiar differences: first of all male pre-
dominance, which is confirmed in our series (6:1) and corre-
lates well with a recent new embryologically based classifica-
tion of DAVFs [6]: fistulas located at the lateral epidural space,
which includes the lamina cribrosa, have a strong male pre-
dominance and an aggressive pattern.

In our series, the main clinical manifestation was haemor-
rhage (64%), which is lower than previously reported [1, 11,
18]; a possible reason for this lower bleeding rate is the large
availability of CT and magnetic resonance imaging that

nowadays are performed widely even in scarcely symptomatic
patients. The explanation for such a bleeding rate has been
previously related to the draining pattern of the DAVF: the
point of fistula is usually located at the lamina cribosa and is
basically a connection between the ethmoidal arteries (most
frequently the anterior) and the fronto-basal veins.
Furthermore, as recently reported by Gross et al. [7], it should
be kept in mind that these DAVFs may drain posteriorly and
into the deep venous circulation; this pattern of drainage can
be related with haemorrhages remote from the fistula site. The
haemodynamic stress to which the fragile pial basal veins are
exposed determinates a progressive structural modification of
the vessel towards the formation of a venous aneurysm [11].
This kind of venous anomaly is highly related with the risk of
bleeding. In our series, patient with a bleeding DAVF present-
ed a venous varix in 77% of cases (double in one patient),
whereas patients with unruptured DAVFs showed this charac-
teristic less frequently (20%). This strong relation with an
aggressive natural history had justified an interventional man-
agement for these lesions [9].

Treatment options described are mainly surgical; however,
recent trends towards a minimally invasive approach have
forced the evolution of endovascular techniques, in order to
overcome the three main problems in endovascular

Table 1 Clinical presentation, CT and angiographic details

Age, sex Presentation (GCS) CT scan ICH Side ICH site and
vol (cc)

Arterial feeders Venous side drainage Venous varix

Ruptured DAVF

56, M Coma (3) ICH R Fronto-temporal (50) Ethmoidal bilateral;
falcine monolateral

R - Superficial sylvian
veins/Rosenthal

Double

61, M Headache (15) ICH L Frontal (18) Ethmoidal monolateral;
meningeal monolateral

L - Rosenthal Absent

68, M Syncope (15) SAH R Fronto-basal Ethmoidal monolateral;
maxillary monolateral

R - Frontal vein/SSS Single

80, F Headache (15) SAH – Interhaemispheric/
left sylvian

Ethmoidal bilateral R - Frontal vein/SSS Single

55, M Headache (15) ICH R Fronto-basal (14) Ethmoidal bilateral R - Frontal vein/SSS Single

71, M Coma (6) ICH, SDH R Frontal/
hemispheric

Ethmoidal bilateral R -Frontal vein/SSS Absent

62, M Coma (4) ICH, IVH L Fronto-temporal (30) Ethmoidal bilateral L - Frontal vein/SSS Single

59, M Headache (15) ICH R Fronto-basal Ethmoidal bilateral;
falcine monolateral

R - Frontal vein/
SSS and CS

Single

57, M Headache (15) SAH R Frontal Ethmoidal bilateral R - Frontal vein/SSS Single

Unruptured DAVF

70, M Headache – – – Ethmoidal bilateral R - Frontal vein/SSS Single

56, M Epilepsy – – – Ethmoidal bilateral;
falcine monolateral

R - Frontal vein/SSS Absent

66, F Incidental – – – Ethmoidal bilateral;
falcine monolateral

R - Frontal vein/SSS Absent

66, M Visual discomfort – – – Ethmoidal bilateral R - Frontal vein/SSS Absent

54, M Headache – – – Meningeal monolateral R - Anterior cerebral vein Absent

CS cavernous sinus, ICH intracerebral haematoma, IVH intraventricular haematoma, L left, R right, SDH subdural haematoma, SSS superior sagittal
sinus, vol volume
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management of anterior cranial fossa DAVFs: the risk of em-
bolisation of the central retinal artery, the small calibre of
vessels that have to be navigated and the risk of systemic
diffusion of embolic agents [11]. The approaches to the
DAVF described are transarterial and transvenous; according
to different authors each technique presents some advantages
and disadvantages. The transarterial technique presents a
shorter route to the target but requires navigation of the oph-
thalmic artery towards the ethmoidal artery; nowadays, new
microcatheter technologies often permit safe positioning of
the catheter well beyond the origin of the central retinal artery
[1, 16]. The embolisation materials used are various: glue
(nBCA, Onyx), particles or detachable coils. The use of
Onyx present a higher risk of complications due to the require-
ment of partial reflux of the material upstream in order to
allow pushing the Onyx forward [16]; however, Onyx does
not polymerise and it precipitates as the solvent diffuses. The

latter characteristic permits a prolonged injection and exit vein
occlusion [21]. By contrast, polyvinyl glue as nBCA is
injected forward towards the venous side of the shunt; there-
fore, reflux is not part of the technique [1]. However, nBCA
may fail to penetrate deeply enough to achieve a cure.
Defreyne et al. [3] successfully used the transvenous route to
the DAVF; however, the length and difficulties of the naviga-
tion, especially inside the venous varix, discourage most
endovascular surgeons. Despite these technological ameliora-
tions, the rate of complete occlusion in larger series (63.3-
91%) [1, 12, 13] is still lower than after surgical occlusion.
Therefore, due to the technical skill requirements and the rar-
ity of the pathology, the endovascular management should be
limited only to high volume centres and should be probably
accepted as a preoperative treatment.

In our series, the occlusion was verified with DSA in 12 out
of 14 cases (one patient died 5 days after surgery, the other

Fig. 2 A 55-year-old patient with a ruptured anterior cranial fossa DAVF
with an intracerebral haematoma; DSA showed the presence of bilateral
ethmoidal feeders (left ethmoidal artery, shown in a and c, white

arrowheads). The patient was submitted to embolisation of the left
anterior ethmoidal artery; white arrowheads show the origin of the
vessel embolised (b, d)
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patient was not submitted to DSA because of age and comor-
bidities). The final outcome was dramatically influenced by
the clinical presentation: all patients with unruptured DAVF
submitted to surgery showed a favourable outcome, whereas a
good outcome was achieved in six out of nine patients (67%)
with a bleeding DAVF. As previously reported, an
unfavourable outcome is mainly related to the initial
haemorrhagic event, which prevents a clinical amelioration

after surgery [9, 11, 18]. In a haemorrhagic patient, frequently
with intracerebral haematomas, surgical management is man-
datory due to the possibility of both occluding the fistula and
evacuating the haematoma, frequently located near the venous
varix.

The surgical approaches described are various, according
to the preference and confidence of the surgeon [10, 11,
17–19]; the target is to expose the lamina cribrosa and the

Fig. 3 Surgical procedure for the exclusion of the anterior cranial fossa
DAVF: through a right pterional approach, the olphactory groove region
is identified (a) and ethmoidal feeders are cauterised (b). If a contralateral
feeder is present, a small incision of the antero-inferior segment of the falx
is made in order to access the contralateral olphactory groove region (c).

An interhemispheric approach is used to get access to the feeders and the
draining vein (d), and finally to remove the venous varix (e); at the end of
the procedure, the olphactory groove is covered with surgicel and fibrin
glue (f)
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crista galli in order to visualise the afferent vessels and the
venous drainage on the surface of the anterior cranial fossa.
The technological evolution of the surgical instrumentation
recently permits new routes to the olphactory groove region
to be created: Magro et al. [17] reported the use of a
transfrontal sinus approach to exclude anterior cranial fossa
DAVFs, whereas Ding et al. [5] described a minimally inva-
sive endoscopic interhemispheric approach to treat such vas-
cular malformations. In our experience, a pterional approach
with a low inferior limit on the frontal bone was adequate to
expose the region of interest and was the approach chosen in
93% of the procedures.When a bilateral supply to the fistula is
present, the incision of the falx becomes necessary to visualise
the contralateral half of the olfactory groove region; thus, the
perspective offered by the pterional approach can be very
useful. The medial extension of the bone flap towards and
beyond the midline is sometimes helpful when direct access
to the interhemispheric fissure is needed [11, 19]. The charac-
teristics of the surgical technique must be tailored to the pre-
operative DSA: in our series, a bilateral supply of the fistula
required an incision of the falx and drilling of the crista galli in
36% of cases in order to completely exclude the DAVF.

In our series, we also report a case with a concomitant
unruptured left paraclinoid aneurysm. The coexistence of both
intracranial DAVF (of any kind) and aneurysms are reported
in 13-21% of cases [8]; more specifically, in a literature review
by Chen et al. [2], the presence of both an anterior cranial
fossa DAVF and aneurysm was reported in 14 cases; the au-
thors also reported a case of anterior cranial fossa DAVF and

an unruptured ophthalmic aneurysm that were treated respec-
tively with GammaKnife and embolisation. Reinard et al. [20]
reported another case of an unruptured ophthalmic aneurysm
and a contralateral anterior cranial fossa DAVF: during sur-
gery for the DAVF exclusion, clipping of the contralateral
aneurysm was attempted but finally abandoned because of
excessive brain retraction; 28 days after discharge a scheduled
DSA demonstrated an 85% reduction in the size of the aneu-
rysm that finally was not treated. In our case the approach
chosen was ipsilateral to the aneurysm in order to get an easier
access to the aneurysm itself; the exclusion of the DAVF,
which presented bilateral ethmoidal feeders, required also
the incision of the anterior-inferior segment of the falx in order
to visualise and cauterise the contralateral ethmoidal arteries.
The exclusion of both the DAVF and the aneurysm was
achieved and confirmed at the DSA without visual distur-
bances for the patient.

Conclusions

Anterior cranial fossa DAVFs are rare vascular malformations
exhibiting an aggressive natural history, mainly due to the
peculiar pattern of the venous drainage of the fistula.
Endovascular management may represent a valid option in
the management of such lesions, but should be possibly lim-
ited to a preoperative use. In our opinion, the surgical man-
agement of this type of DAVFmust be considered as the main
treatment option because of the higher rate of fistula exclusion

Table 2 Surgical details and clinical outcome at discharge and at 6 months

Age, sex Approach Falx incision Fistula exclusion Other procedures mRS at
discharge

mRS at
6 months

Ruptured DAVF

56, M R - Pterional – ✓ Double venous aneurysmectomy 4a 3a

61, M L – Pterional ✓ ✓ L paraclinoid aneurysm clipping 0 0

68, M R – Pterional – ✓ Venous aneurysmectomy 0 0

80, F R – Pterional ✓ (no postoperative DSA) Venous aneurysmectomy 0 0

55, M R – Pterional ✓ ✓ Venous aneurysmectomy 0 0

71, M R – Pterional – (no postoperative DSA) ICP monitoring 6a –

62, M L – Pterional – ✓ Venous aneurysmectomy 4a 3a

59, M R – Pterional – ✓ Venous aneurysmectomy 0 0

57, M R – Pterional – ✓ Venous aneurysmectomy 0 0

Unruptured DAVF

70, M R – Pterional – ✓ Venous aneurysmectomy 0 0

56, M R – Pterional ✓ ✓ – 0 0

66, F R – Pterional – ✓ – 0 0

66, M R – Pterional ✓ ✓ – 0 0

54, M R - Pterional – ✓ – 2 1

R right, L left
a Due to previous haemorrhage
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and the very low morbidity risk. In order to obtain a good
surgical result, a careful preoperative planning is mandatory
(especially if bilateral supply is evident at the DSA) in order to
tailor the surgical strategy on the DAVF architecture. Finally,
anterior cranial fossa DAVFs are frequently related to intrace-
rebral haematomas that can be evacuated in the same surgical
procedure.
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