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Abstract Ethmoidal dural arteriovenous fistulae are rare vas-
cular malformations associated with a high risk of bleeding.
We present a multicenter contemporary series of patients treat-
ed with microsurgical and endovascular techniques. Sixteen
consecutive patients were evaluated and/or treated between
2008 and 2015 at four centers with large experience in the
endovascular and surgical treatment of cerebrovascular dis-
eases. We analyzed demographic and clinical data, risk factors
for dural fistulas, treatment type, peri- and post-operative mor-
bidity, clinical and radiological outcomes, rates of occlusion,
and long-term neurological outcome. Sixteen patients (81 %
men, mean age of 58 years) with ethmoidal dural fistulas were
included in the analysis. Seven patients had suffered an

intracranial hemorrhage; the remaining presenting with neu-
rological signs and symptoms or the fistula was an incidental
finding. Three patients were managed conservatively. Among
patients who underwent intervention (n = 13), 46.1 % were
treated with endovascular therapy and 53.9 % were treated
surgically. Complete angiographic obliteration was achieved
in 100 % immediately after treatment and at last follow-up
evaluation. All patients experienced a favorable neurological
recovery (mRS 0–2) at the last follow-up visit (12 months).
Ethmoidal dural AVFs are found mostly in male patients.
Nowadays, due to wider use of non-invasive imaging, AVFs
are discovered with increasing frequency in patients with min-
imal or no symptoms. Traditionally, these fistulas were
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considered Bsurgical.^ However, in the modern endovascular
era, selected patients can be effectively and safely treated with
embolization although surgical ligation continues to have an
important role in their management.

Keywords Ethmoidal arteriovenous fistula . Endovascular
treatment . Surgical disconnection . Arteriovenous
malformation

Introduction

Intracranial dural arteriovenous fistulae (dAVF) account for
15 % of all cerebral vascular malformations [1], and only
10 % of all dAVFs are located in the anterior cranial fossa
[2]. The ethmoidal artery is the main arterial vessel involved
in the development of dAVFs of the anterior cranial fossa,
which are more commonly indicated as ethmoidal dAVFs (e-
dAVFs) [3]. The venous drainage of e-dAVFs involves, in
most cases, frontal cortical veins, with retrograde drainage
into the superior sagittal sinus with a tendency to the devel-
opment of venous varicosities [4]. Because of their
angioarchitecture, e-dAVFs are associated with a significant
bleeding risk [5] and with a high risk of rebleeding soon after a
presenting hemorrhage [6].

Similarly to dAVFs in other locations, the characteristics of
the venous drainage of e-dAVFs are the main factor affecting
clinical presentation (headache, seizures, and visual disorders),
natural history, and choice of treatment [7]. Over the years,
various therapeutic modalities have been proposed for the treat-
ment of these fistulae: surgical disconnection, endovascular
embolization, and radiosurgery as the sole therapy or in various
combinations [8, 9] Because of the relative rarity of e-dAVFs,

there are no large contemporary series available. In the present
study, we describe a multicenter series of e-dAVF treated over a
relatively short period of timewith contemporarymicrosurgical
and endovascular techniques(Figs. 1, 2, 3, 4, and 5).

Materials and methods

We retrospectively analyzed a consecutive series of patients
with e-dAVFs treated between 2008 and 2015 at four tertiary
referral centers specialized in the treatment of neurovascular
disorders. Data analyzed included the following: age, gender,
clinical presentation (hemorrhage, neurological symptoms,
and incidental finding), risk factors predisposing to the devel-
opment of arteriovenous fistulae (inherited or acquired coag-
ulation abnormalities, intracranial tumors, history of head in-
jury, pulmonary embolism and/or deep vein thrombosis), type
of treatment, periprocedural complications, as well as clinical
and radiological outcomes immediately after intervention and
during follow-up (12 month). A complete catheter angiogra-
phy was done to confirm occlusion of the fistula after treat-
ment in most cases, while three patients were evaluated with
magnetic resonance imaging angiography. Only one of the
centers included in this study considered careful as a post-
treatment radiological assessment, MRA. After diagnosis, all
patients were evaluated by a team consisting of neurosurgeons
and neurointerventional specialists to identify the best thera-
peutic strategy. The endovascular approach was considered as
the first therapeutic option in each case; surgical treatment has
been reserved for patients with major brain hemorrhage for
cases in which the endovascular approach had failed. Three
patients with asymptomatic e-dAVF have refused treatment
and were managed conservatively. Patients with incidental

Fig. 1 An 80-year-old man
presented with head “pressure”
and was found to have an
ethmoidal dAVF. a Catheter
angiography, selective left
internal carotid artery (ICA)
injection shows ethmoidal
branches of the ophthalmic artery
feeding the fistula which drains
through anterior ethmoidal veins
to the superior sagittal sinus.
There is a vein varix (arrow)
associated with the venous
drainage. b Left common carotid
artery injection shows an enlarged
branch of the middle meningeal
artery also supplying the fistula
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lesions were treated conservatively because of advanced age
and/or associated comorbidities (for example, one patient in
whom the diagnosis of an e-dAVF was made during an angio-
gram for evaluation and treatment of acute stroke) and in
absence of ominous angioarchitecture findings (i.e., venous
varices and signs of outflow obstruction). Treatment of
asymptomatic, incidental lesions was considered in those
cases without the above mentioned factors.

Clinical assessment was evaluated by extracting the modi-
fied Rankin scale (mRS) score at each follow-up visit; poor
outcome was defined as a mRS score ≥3.

Results

Sixteen patients with e-dAVFs were included in this series.
Thirteen patients were male and the mean age was 58 years
(range, 41–71 years). Six patients had suffered hemorrhage (3

presenting with sudden headache only, the others suffering
from seizures, left-sided paresthesia, and coma). Three patients
presented with symptoms other than hemorrhage: bruit (1 pa-
tient), proptosis (1 patient), and cognitive impairment (1 pa-
tient) while in seven patients the fistula was an incidental find-
ing during radiological investigations done for various com-
plaints not related to the e-dAVF. In our series, two patients
presented risk factors associated with dAVFs: the first a pulmo-
nary embolism in previous cerebral meningioma and the sec-
ond one an aneurysm of the anterior communicating artery.
Six-vessel digital subtraction angiography was performed in
all cases. Clinical characteristics are summarized in Table 1.

Seven patients were treated with surgical disconnection, six
underwent endovascular treatment, and three patients were
managed conservatively. The combined approach is an option,
but it was not performed in our series, since we consider e-
dAVFs are usually relatively simple lesions to treat and there-
fore combined approaches, although described in the literature

Fig. 2 Same patient in Fig. 1. a
After selective catheterization of
the distal middle meningeal
artery, microcatheter injection
shows supply to the intradural
nidus (arrow) of the ethmoidal
AVF. b Onyx cast after injection
through the microcatheter in the
distal middle meningeal artery in
wedged position

Fig. 3 Post-embolization left
common carotid artery injection,
early (a) and late (b) arterial phase
shows complete obliteration of
the fistula. The procedure was
uneventful and the patient was
discharged the following day
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(see Table 2) are rarely if ever necessary. Surgery was per-
formed through a basal frontal approach, and the proximal
portion of the draining vein was interrupted by placing a clip
or by coagulating and dividing the proximal draining vein as it
emerges from the dura. Post-operative angiographic oblitera-
tion of the e-dAVF was demonstrated in all of the seven pa-
tients (100 %) who underwent surgical treatment.

Endovascular procedures were performed under general an-
esthesia and systemic anticoagulation. The treatment consisted
of embolization of the fistula and obliteration of the proximal
portion of the draining vein with cyanoacrylate glue (Glubran,
GEM, Viareggio, Italy), coils or Onyx (Covidien
Neurovascular, Irvine, CA, USA). In four patients, a

transarterial approach was utilized while in the remaining two
patients the fistula was obliterated using a transvenous route.

Complications included a post-operative intraventricular
hemorrhage in one patient treated with surgery (24 h after
surgery) and a frontal hemorrhage in a patient undergoing
endovascular treatment (48 h after treatment); both hemor-
rhagic complications were managed conservatively. The fron-
tal hemorrhage resulted in slight right-sided weakness which
persisted at follow-up while the patient with intraventricular
hemorrhage did not suffer any permanent deficit. One patient
treated with surgery suffered visual impairment from occipital
ischemia secondary to an acute subdural hematoma occurring
at presentation from rupture of the fistula. This patient

Fig. 4 A 52-year-old woman was admitted to a hospital with GCS 4
without traumatic onset. A CT scan showed a a right frontal hematoma
with considerable midline shift. She underwent urgent CT angiography:

sagittal view (b) showed a large vein varix (white arrow) associated with
the venous drainage and coronal view (c) the wide ophthalmic artery
(black circle)

Fig. 5 A fast frontotemporal approach was performed in order to
decrease intracranial pressure. A surgical disconnection of the
ethmoidal fistula was obtained with clipping (a). A catheter
angiography post-operative showed the correct placement of clip, and

right common carotid artery injection, early (b) and late (c) arterial
phase confirmed fistula resolution. The patient presented a visual
impairment from occipital ischemia secondary to hemorrhagic onset.
This patient experienced partial resolution of his visual deficit at 6 months
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experienced partial resolution of his visual deficit at 6 months.
At the end of the 6-month follow-up interval, ten patients had
a mRS of 0 (6 in the surgical and 4 in the endovascular group,
respectively). Two patients had amRS of 1: one patient treated
with surgery who had presented with deep coma after hemor-
rhage from the fistula and another patient treated with
endovascular embolization who was left with slight right-
sided weakness. One patient treated with endovascular tech-
niques had a mRS of 2 secondary to the effects of the initial
presenting large hemorrhage. None of the patients managed
conservatively experienced a hemorrhage during a follow-up
period of 12 months.

Discussion

In a modern series of 16 patients with e-dAVFs managed at
four centers over the past 8 years, we found a high male
predominance (13/16 or 81 %) and most patients (10/16 or
62.5 %) presented with symptoms other than hemorrhage or
harbored incidental lesions. Of treated patients, 46 %
underwent successful endovascular treatment and overall out-
comes were excellent with all but one patient having a mod-
ified Rankin score of 0–1 at follow-up.

The drastic male predominance of patients with e-dAVF,
similar to the one observed in the case of tentorial dAVFs, is in
net contrast with the clear female predominance observed in
dAVFs involving the transverse/sigmoid sinus and the

cavernous sinus [7]. The observation of definite different sex
predilection in relation to the location of the dAVF led
Lasjaunias and coworkers [22] to suggest that the three main
dural compartments (ventral, lateral, and dorsal) share differ-
ent biological, anatomical, and embryological characteristics
which are reflected in the clinical characteristics of the dAVFs
affecting these compartments. The anatomical features (asso-
ciated bone, vascular, and parenchymal structures) of the three
dural compartments, as well as the different characteristics of
embryological development of each, render the vascular struc-
tures running through the dural sheaths of each compartment
susceptible to certain risk factors able to facilitate the devel-
opment of vascular anomalies such as dAVFs. These consid-
erations would explain the clear predominance of females
among patients with dAVFs of the ventral dural compartment
and a clear predominance of males among those with dAVFs
of the lateral compartment (which includes the anterior cranial
fossa), due to different distributions of the frequencies of risk
factors for the development of dAVFs in the two sexes [1].

In our series, the majority of patients (62.5 %) presented
with symptoms other than hemorrhage. In 1990, Awad and
collaborators [23] compiled of an extensive review of the liter-
ature on intracranial dural fistulas and reported that over 68 %
of patients with anterior cranial fossa dAVFs reported up to that
time had presented with Baggressive^ neurological symptoms
(the vast majority representing hemorrhage) [8]. Although we
cannot exclude a referral bias, our observation that, in a modern
series, most patients with e-dAVFs present with symptoms

Table 2 Cases of ethmoidal dural
arteriovenous fistulas (literature
review)

Author Patients Endovascular Surgical Conservative Combined Results

Deng [10] 5 5 Total obliteration

Spiotta [11] 3 3 Total obliteration

Mack [12] 2 2 Total obliteration

Abrahams [13] 7 1 Partial obliteration

3 Total obliteration

1 Total obliteration

2 Total obliteration

Lawaton [14] 16 13 1 partial obliteration

12 total obliteration

3 Total obliteration

Hashimoto [15] 1 1 Total obliteration

Hattori [16] 1 1 Total obliteration

Ishikawa [17] 1 1 Total obliteration

Kikuchi [18] 2 2 Total obliteration

Baskaya [19] 2

2 Total obliteration

Martin [20] 8 6 Total obliteration

Halbach [21] 8 7 Total obliteration

1
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other than hemorrhage may indicate a Bshift^ in the clinical
presentation and diagnosis of e-dAVFs due to increased utili-
zation of non-invasive diagnostic imaging studies and in-
creased awareness. These factors may have resulted over time
in a higher number of lesions being detected without hemor-
rhage. This observation is similar to the findings of changing
clinical presentation over time in patients with tentorial dural
AVFs [9, 24].

We summarized main cases of fistula reported in the
literature in the Table 2; 56 cases were treated between
1990 and 2014, and in 11 cases an endovascular ap-
proach was applied. Thirty-six patients were treated sur-
gically, two conservatively. And in five cases a com-
bined approach was used. In two cases (1 treated with
endovascular technique and 1 with surgical procedure),
a partial obliteration of vascular malformation was ob-
tained. One patient died due to main cerebral hemor-
rhage onset. Fifty-five patents had a good outcome.

Over the years, there has been a progressive shift in
the treatment of int racranial dural AVFs with
endovascular treatment considered the first line of ther-
apy in the majority of cases. However, until recently, e-
dAVFs were considered almost exclusively surgical le-
sions because of the danger of inadvertent embolization
of the ophthalmic artery, inability to consistently
achieve a distal microcatheter position, and the relative
ease of the surgical exposure and ligation of these le-
sions. Endovascular techniques continues to evolve, and
in many cases it is possible nowadays to achieve
microcatheter position very close to the actual point of
fistualization through either a transarterial approach or
retrograde transvenous route. These advances along with
improvement in the embolic agents available have made
endovascular therapy both safer and more effective in
selected patients with e-dAVFs. A more aggressive
stance toward endovascular therapy in recent years is
reflected in our series where 46 % of treated patients
underwent successful endovascular therapy. Based on
this observation, we recommend consideration for
endovascular treatment in patients at higher surgical risk
(for example elderly with multiple medical comorbidi-
ties) and when distal catheterization very close to the
point of fistualization can be safely achieved through a
transarterial or a retrograde transvenous approach.

In conclusion, our series confirms previous reports of a
higher male predominance in patients with e-dAVFs. It also
shows that, as observed in the case of other Baggressive^
dAVF locations, more and more lesions are diagnosed in pa-
tients with symptoms other than hemorrhage or in asymptom-
atic patients. In a modern series, selected patients can be ef-
fectively and safely treated through an endovascular route,
although the majority of patients continue to benefit from
open surgical ligation.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

References

1. Luessenhop AJ (1986) Dural arteriovenous malformations and in-
tracranial hemorrhage. In: Wilkins RH, Rengachary SS (eds)
Neurosurgery. McGraw-Hill, New York, pp. 1473–1477

2. JamousMA, Satoh K, Satomi J,Matsubara S, Nakajima N, UnoM,
et al. (2004) Detection of enlarged cortical vein by magnetic reso-
nance imaging contributes to early diagnosis and better outcome for
patients with anterior cranial fossa dural arteriovenous fistula.
Neurol Med Chir (Tokyo) 44:516–521

3. Lawton MT, Chun J, Wilson CB, Halbach VV (1999) Ethmoidal
dural arteriovenous fistulae: an assessment of surgical and
endovascular management. Neurosurgery 45:805–811

4. Borden JA, Wu JK, Shucart WA (1995) A proposed classification
for spinal and cranial dural arteriovenous fistulous malformations
and implications for treatment. J Neurosurg 82:166–179

5. Brown RD Jr, Wiebers DO, Nichols DA (1994) Intracranial dural
arteriovenous fistulae: angiographic predictors of intracranial hemor-
rhage and clinical outcome in nonsurgical patients. J Neurosurg 81:
531–538

6. Duffau H, Lopers M, Janosevic V, et al. (1999) Early rebleeding
from intracranial dural arteriovenous fistulas: report of 20 cases and
review of the literature. J Neurosurg 90:78–84

7. Awad IA (1996) Intracranial dural arteriovenous malformations. In:
Wilkins RH, Rengachary S (eds) Neurosurgery.McGraw-Hill, New
York, pp. 2519–2527

8. Soderman M, Edner G, Ericson K, Karlsson B, Rahn T,
Ulfarsson E, et al. (2006) Gamma knife surgery for dural
arteriovenous shunts: 25 years of experience. J Neurosurg
104:867–875

9. Sundt TM Jr, Nichols DA, Piepgras DG, Fode NC (1991) Strategies,
techniques, and approaches for dural arteriovenous malformations of
the posterior dural sinuses. Clin Neurosurg 37:155–170

10. Deng JP, Li J, Zhang T, Yu J, Zhao ZW,GaoGD (2014) Embolization
of dural arteriovenous fistula of the anterior cranial fossa through the
middle meningeal artery with Onyx. Clin Neurol Neurosurg 117:1–5.
doi:10.1016/j.clineuro.2013.11.013 Epub 2013 Nov 24

11. Spiotta AM, Hawk H, Kellogg RT, Turner RD, Chaudry MI, Turk
AS (2014) Transfemoral venous approach for Onyx embolization
of anterior fossa dural arteriovenous fistulae. J Neurointerv Surg
6(3):195–199. doi:10.1136/neurintsurg-2012-010642 Epub 2013
Mar 23

12. Mack WJ, Gonzalez NR, Jahan R, Vinuela F (2011) Endovascular
management of anterior cranial fossa dural arteriovenous
malformations. A technical report and anatomical discussion.
Interv Neuroradiol 17(1):93–103 Epub 2011 Apr 29

13. Abrahams JM, Bagley LJ, FlammES, Hurst RW, Sinson GP (2002)
Alternative management considerations for ethmoidal dural arterio-
venous fistulas. Surg Neurol 58(6):410–416 discussion 416

14. Lawton ML, Chun J, Wilson CB, Halbach VV (1999) Ethmoidal
dural arteriovenous fistulae: an assessment of surgical and
endovascular management. Neurosurgery 45:805–811

15. Hashimoto H, Iida J, Masui K, Nishi N, Yonezawa T,
Sakaki T (1998) Dural arteriovenous malformation of the
anterior cranial fossa occurring after bifrontal craniotomy.
Surg Neurol 49:47–50

Neurosurg Rev (2018) 41:391–398 397

http://dx.doi.org/10.1016/j.clineuro.2013.11.013
http://dx.doi.org/10.1136/neurintsurg-2012-010642


16. Hattori T, Kobayashi H, Inoue S, Sakai N (1999) Angiographically
occult dural arteriovenous malformation in the anterior cranial fos-
sa—case report. Neurol Med Chir 39:291–293

17. Ishikawa T, Houkin K, Tokuda K, Kawaguchi S, Kashiwaba T
(1997) Development of anterior cranial fossa dural arteriovenous
malformation following head trauma. Case report. J Neurosurg 86:
291–293

18. Kikuchi K, Kowada M (1994) Anterior fossa dural arteriovenous
malformation supplied by bilateral ethmoidal arteries. Surg Neurol
41(1):56–64

19. Baskaya MK, Suzuki Y, Seki Y, Negoro M, Ahmed M, Sugita K
(1994) Dural arteriovenous malformations in the anterior cranial
fossa. Acta Neurochir 129:146–151

20. Martin NA, King WA,Wilson CB, Nutik S, Carter PL, Spetzler RF
(1990) Management of dural arteriovenous malformations of the
anterior cranial fossa. J Neurosurg 72:692–697

21. Halbach VV, Higashida RT, Hieshima GB, Wilson CB, Barnwell
SL, Dowd CF (1990) Dural arteriovenous fistulas supplied by eth-
moidal arteries. Neurosurgery 26:816–823

22. Geibprasert S, Pereira V, Krings T, Jiarakongmun P, Toulgoat F,
Pongpech S, Lasjaunias P (2008) Dural arteriovenous shunts: a
new classification of craniospinal epidural venous anatomical bases
and clinical correlations. Stroke 39:2783–2794

23. Awad IA et al. (1990) Intracranial dural arteriovenous
malformations: factors predisposing to an aggressive neurological
course. J Neurosurg 72:839–850

24. Cannizzaro D, Brinjikji W, Rammos S, Murad MH, Lanzino G
(2015) Changing clinical and therapeutic trends in tentorial dural
arteriovenous fistulas: a systematic review. AJNR Am J
Neuroradiol 36(10):1905–1911

398 Neurosurg Rev (2018) 41:391–398


	Endovascular and surgical approaches of ethmoidal dural fistulas: a multicenter experience and a literature review
	Abstract
	Introduction
	Materials and methods
	Results
	Discussion
	References


