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Abstract

Background� and� purpose: Dural arteriove-
nous fistulas (DAVFs) represent 10-15% of all 
intracranial AVM’s. Population-based long-
term outcome studies of DAVFs are scarce 
due to the rarity of DAVFs. Increased knowl-
edge of their pathophysiology and natural 
history, and advances in treatment modal-
ities have changed the management of the 
DAVFs during the last decades. In this study 
we assessed the epidemiology, special char-
acteristics and long-term outcome of DAVF 
patients. In addition, we presented the evolu-
tion of management and results of different 
treatment modalities, focusing on the current 
and future role of microsurgery in DAVF treat-
ment.

Patients� and� methods: We analyzed 283 
patients with 293 intracranial DAVFs, admit-
ted in two the of five Departments of Neu-
rosurgery in Finland (Helsinki and Kuopio), 
between 1944 and 2010. Clinical data and 
radiological examinations of 251 consecutive 
patients from 1944 to 2006 were reviewed to 
assess the overall long-term clinical outcome. 
In a subgroup of 227 patients, long-term ex-
cess mortality was estimated using the rel-
ative survival ratio (RSR), which provides a 
measure of the excess mortality experienced 
by the patients compared with the general 
Finnish population matched by age, sex and 
calendar time. The results of microsurgical 
treatment of DAVFs were analyzed in 116 
consecutive patients treated between 1980 
and 2010. 

Results: The detection rate of DAVFs in-
creased markedly in the 1970’s and again in 
the 1990’s when the digital subtraction angi-
ography (DSA) was introduced. The incidence 
of DAVFs in a defined Southern Finnish pop-
ulation was 0.51 per 100,000 per year, and 
they represented 32% of all the brain arte-
riovenous malformations (AVMs). There was 
a slight female predominance among the 
patients (55%). The most common locations 

of DAVF in the patients admitted between 
1944 and 2006 were transverse and sigmoid 
sinus (61%) and cavernous sinus (10%). Corti-
cal venous drainage (CVD) was present more 
often in men (46%) than in women (24%). The 
overall occlusion success of the DAVFs treat-
ed since 1944 was 59%. Total occlusion rate 
improved from 53% by feeding artery ligation 
in the early series to 87% achieved with embo-
lization and craniotomy. Endovascular treat-
ment resulted in complete obliteration in 51% 
of the cases, whereas occlusion success after 
microsurgery was 86%. Particularly in tento-
rial, cavernous sinus and transverse-sigmoid 
sinus DAVFs, total occlusion was achieved 
more often by microsurgical means than 
by endovascular technique. After mean fol-
low-up time of 3.1 years (greatest duration 
40.2 years), 87% of the patients had a good 
outcome (GOS 4-5).

The occlusion success was 89% in microsurgi-
cally treated DAVFs between 1980 and 2010. 
Complete occlusion was achieved in all cav-
ernous sinus, torcular, anterior fossa, foramen 
magnum and superior sagittal sinus DAVFs, 
and in 91% of tentorial, 87% of transverse-sig-
moid sinus, 86% of convexity DAVFs. Severe 
bleeding occurred in 7.8% of the procedures, 
and major hemorrhagic or ischemic complica-
tions were seen in 12% of the patients. At the 
end of the follow-up, 95% of the patients had 
a good outcome (GOS 4-5). 

During the first 12 months, there was excess 
mortality among the patients, mainly due to 
treatment complications. Thereafter, their 
overall long-term survival became similar to 
that of matched general population. DAVFs 
with CVD and those located elswhere than 
transverse and sigmoid sinuses were associ-
ated with marked long-term excess mortal-
ity after surviving the first year. The patients 
had more cardiovascular and cerebrovascular 
deaths than would be expected in the general 
Finnish population, for an unknown reason.

Abstract
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Abstract

Conclusions: The advances in diagnostic 
methods (DSA, CT, MRI) have increased 
the detection rate of DAVFs. The results of 
treatment and outcome of patients have 
markedly improved with the introduction of 
endovascular techniques and stereotactic 
radiosurgery (SRS). Currently, microsurgery 
is of limited use in those DAVFs where en-
dovascular treatment and radiosurgery have 
failed to reduce the high risk of hemorrhage 
especially in tentorial and ethmoidal DAVFs. 
Also, even patients with Borden type I DAVFs 
with intolerable symptoms could be consid-
ered for microsurgical treatment. Treatment 
of these challenging lesions should be per-
formed in dedicated neurovascular centers 
with all treatment modalities available. Treat-
ment complications cause excess mortality 
to DAVF patients during the first 12 months. 
Thereafter, long-term excess mortality exists 
in the patients harboring DAVFs with CVD and 
in the patients with DAVFs in locations other 
than transverse and sigmoid sinuses. 
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Abbreviations

Abbreviations

AVM  Arteriovenous malformation
bFGF  Basic fibroblast growth factor
CCA  Common carotid artery
CCF  Carotid cavernous fistula
CT  Computed tomography
CVD  Cortical venous drainage
DAVF  Dural arteriovenous fistula
DMSO  Dimethyl sulfoxide
DSA  Digital subtraction angiography
ECA  External carotid artery
EDH  Epidural hematoma
EVOH  Ethylene vinyl alcohol
GOS  Glasgow outcome scale
ICA  Internal carotid artery
ICG-VA  Indocyanine green video angiography
ICH  Intracerebral hemorrhage
IVH  Intraventricular hemorrhage
LSO  Lateral suboccipital approach
MRA  Magnetic resonance angiography
MRI  Magnetic resonance imaging
NBCA  N-butyl cyanoacrylate
NHND  Non-hemorrhagic neurological deficit
PVA  Polyvinyl alcohol
RSR  Relative survival ratio
SAH  Subarachnoid hemorrhage
SDH  Subdural hematoma
SRS  Stereotactic radiosurgery
SSS  Superior sagittal sinus
TOF MRA Time-of-flight magnetic resonance angiography
TRICKS  Time-resolved imaging of contrast kinetics
VA  Vertebral artery
VEGF  Vascular endothelial growth factor



13

List of original publications

List�of�original�publications

This thesis is based on the following publications referred to in the text by their roman numerals:

I Piippo A, Niemelä M, van Popta J, Kangasniemi M, Rinne J, Jääskeläinen J, Hernesniemi 
J. Characteristics and long-term outcome of 251 patients with dural arteriovenous 
fistulas in a defined population. J Neurosurg: 2013 May;18(5):923-934. Epub 2012 Dec 
21.

II Piippo A, Laakso A, Seppä K, Rinne J, Jääskeläinen J, Hernesniemi J, Niemelä M. Early 
and long-term excess mortality in 227 patients with intracranial dural arteriovenous 
fistulas. J Neurosurg: 2013 April 19. [Epub ahead of print].

III Piippo A, Niemelä M, Elsharkawy A, van Popta J, Kivisaari R, Rinne J, Jääskeläinen J, 
Hernesniemi J. Microsurgery of dural arteriovenous fistulas – Basics and tricks: Lessons 
learned from 116 cases. J Neurosurg: 2013 Submitted.

The original publications are reproduced with permission of the copyright holders.



14



15

1 Introduction

Dural arteriovenous fistulas (DAVFs) are ab-
normal fistulous connections between the du-
ral arteries and venous sinuses and/or cortical 
veins. They account for 10-15% of all intracra-
nial arteriovenous malformations (AVMs).163 

Their detection rate in adults is 0.16 per 
100,000 per year.2 

The majority of DAVFs are acquired lesions 
with no obvious predisposing factor.26,94,152 
However, studies have shown association 
between sinus thrombosis and DAVF for-
mation.26,94,163 Patients with thrombophilic 
abnormalities (APC resistance, mutations in 
factor V Leiden and factor II G20210A) are re-
ported to be at a higher risk for DAVFs.116,117,216 

Other possible causes are trauma,53,160,223 in-
tracranial surgery,160,223 sinus infection and 
association with meningiomas.47,212,232

Patients most commonly present with intol-
erable pulsatile tinnitus. Other symptoms 
include exophthalmos, chemosis, headache, 
progressive dementia, seizures, or neurolog-
ical deficits often caused by intraparenchymal 
hemorrhage.59,63,125,165 

DAVFs are most frequently located in the 
region of transverse, sigmoid and cavernous 
sinuses.125 However, they can occur anywhere 
within the dura. The classification of DAVFs 
is based on the venous drainage known to 
predict their clinical behavior. Nowadays, the 
most commonly used are Borden and Cognard 
classifications.16,32 Borden type I and Cognard 
type I and IIa, commonly referred to as benign 
DAVFs, drain directly into venous sinuses, 
whereas in Borden type II and III, and Cognard 
types IIb, IIa+b, III and IV, there is a direct or 
indirect drainage to cortical veins. Cortical 
venous drainage (CVD) is known to predict 
more aggressive clinical behavior including 
hemorrhage and nonhemorrhagic neurologi-
cal deficits (NHND).5,16,19,32,93,125 Cognard type 
V DAVFs drain into spinal perimedullary veins.

The cavernous sinus DAVFs are classified ac-
cording to Barrow classification.11 Barrow type 

A fistulas are direct high flow shunts between 
internal carotid artery (ICA) and cavernous 
sinus. They are usually caused by trauma or 
rupture of an intracavernous ICA aneurysm. 
They are often referred to as carotid cavern-
ous fistulas (CCF) and form a different entity 
from Barrow types B, C and D, which are true 
DAVFs with indirect low flow from meninge-
al branches of ICA or external carotid artery 
(ECA), or from both into cavernous sinus. 

During the past decades, advances in neu-
roradiology have led to a better understand-
ing of these lesions, and as microsurgical, en-
dovascular and radiosurgical techniques have 
simultaneously developed, treatment strate-
gy of DAVFs has also changed. As DAVFs are 
relatively rare, only a few large series have 
been published and there are still no reports 
on how the evolution of the treatment strate-
gies of DAVFs has actually affected the results 
of treatment. 

Population-based long-term outcome stud-
ies of DAVFs are scarce due to the rarity of 
the lesions. Finland is well suited for popula-
tion-based epidemiological studies due to its 
high-quality public health care system, com-
prehensive and accessible hospital records 
and vital statistics, and relatively stable and 
homogeneous population. Treatment of all 
DAVFs is centralized to public university hos-
pitals with population responsibility.

This study presents the 66-year experience 
in the treatment of 283 consecutive patients 
with 293 intracranial DAVFs, in two Depart-
ments of Neurosurgery in Finland (Helsinki 
and Kuopio), between 1944 and 2010. To our 
knowledge, this is one of the largest series 
published with the longest follow-up period. 
Special characteristics and long-term out-
come of the patients were assessed. The re-
sults of different treatment modalities in re-
lation to the DAVF location were compared 
with special emphasis on mircrosurgical treat-
ment.

1�Introduction
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2.1�Intracranial�dural�
arteriovenous�fistulas

2.1.1 Definition

Intracranial dural arteriovenous fistulas 
(DAVFs) are acquired lesions characterized 
by a focal area of abnormal arteriovenous fis-
tulous connections within the dura.26,71,94,203 

They usually occur in the proximity of venous 
sinuses, but may develop anywhere within 
the dura. Their arterial supply arises from any 
of the dural branches154 of internal carotid ar-
tery (ICA), external carotid artery (ECA) and 
vertebral artery (VA), and sometimes from 
small pial branches. The venous drainage oc-
curs into dural veins and sinuses, cortical or 
pedimedullary veins, or into a combination of 
them.

2.1.2 Epidemiology

DAVFs represent 10-15% of all intracranial 
AVM’s according to the study by Newton et al 
from 1969.163 In a Scottish population-based 
study, the approximated detection rate of 
DAVFs in adults was 0.16 per 100,000 per 
year.2 In the same population, the detection 
rate of cerebral AVMs was 1.12 per 100,000 
per year, giving the DAVFs a proportion of 
12.5% of all intracranial AVMs. Brown et al. re-
ported the detection rate of 0.15 per 100,000 
per year among residents of Olmsted County, 
Minnesota over a 27-year period.20 A recent 
Japanese epidemiological survey showed a 
higher detection rate, 0.29 per 100,000 per 
year.192 

The mean age of DAVF patients is between 50 
and 60 years,32,48 but DAVFs can occur at any 
age. Contrary to adults, the DAVFs in children 
are usually congenital.

2.1.3 Historical aspects

The earliest report on recorded cases of ab-
normal communication between artery and 
vein was by Hunter in 1757.166 In 1873 Rizzoli 
described the presence of a dural-based arte-
riovenous aneurysm causing pulsatile tinnitus 
and seizures in a 9-year-old girl.24,176 Autopsy 
revealed fistulous connection between the 
occipital artery and transverse sinus. The ear-
liest observations of fistulas occurring in the 
brain substance were reported by Steinheil 
in 1895, Hoffman in 1898, and Isenschmid in 
1912, followed by clinico-pathological report 
by Cushing and Bailey in 1928.166 Angiograph-
ic appearance of intracranial dural arterio-
venous fistulas was first described by Sachs 
in 1931, followed by Tönnis in 1936.24,54,70,190 

In 1951, Verbiest and Fincher introduced the 
concept of spontaneous dural arteriovenous 
fistula.54,190 The first cases of congenital high-
flow dural arteriovenous fistulas in children 
were reported in 1964.54,190

2.1.4 Pathophysiology

Most of the DAVFs are believed to develop af-
ter sinus thrombosis.12,26,55,93,94,177 Other initiat-
ing events include intracranial surgery223 and 
head trauma, often with skull fracture.15,30,64 
DAVFs are also associated with meningio-
mas, hormonal alterations during pregnancy 
and menopause, sinus infections and otitis. 
Nevertheless, the pathophysiology of these 
lesions has remained uncertain.

2.1.4.1 Sinus thrombosis

Some DAVFs are clearly associated with sinus 
thrombosis. However, there is no association 
between the presence of sinus thrombosis 
and the gender of the patient, or the location 
or type of DAVF.211 According to the first the-
ory,94 DAVFs are caused by angiogenic factors 
released from organizing thrombus leading to 

2�Review�of�the�literature
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invasion of small dural arteries and formation 
of small dural arteriovenous shunts. Another 
theory suggests that DAVFs arise from nat-
urally occurring dormant channels between 
dural arteries and sinuses, which open when 
the sinus is occluded and venous pressure is 
increased.159,180 Venous hypertension may 
also increase angiogenic activity114,126 or lead 
to local tissue hypoxia that initiates neoan-
giogenesis and endothelial proliferation,208 

thus leading to DAVF formation. Histological 
study suggests that microscopic thrombosis 
is always present and plays an important role 
in the release of growth factors and the for-
mation of DAVFs.213 In immunohistochemical 
studies, expression of basic fibroblast growth 
factor (bFGF) and vascular endothelial growth 
factor (VEGF) has been identified in the wall of 
the dural sinuses in patients with DAVFs.206,213 

Patients with thrombophilic abnormalities 
(APC resistance, antithrombin III deficien-
cy, mutations in factor V Leiden and factor II 
G20210A) are reported to be at a higher risk 
for DAVFs.69,68,116,118,117,189,216 However, not all 
patients with sinus thrombosis will develop a 
fistula. Therefore, sinus thrombosis per se can 
be considered as one of the multiple possible 
factors ultimately leading to DAVF formation.

2.1.5 Anatomic features

DAVFs can occur anywhere within the dura. 
Most frequently they are located in the re-
gion of transverse, sigmoid and cavernous 

Lesion�type Definition

I drains directly antegrade into major 
venous sinus

II drains into venous sinus with retro-
grade drainage into subarachnoid 
veins

III drains directly into subarachnoid 
veins (CVD only)

Table�1.� The Borden classification of DAVFs.

Lesion�type Definition

I drains into dural venous sinus with 
antegrade flow

IIa drains into dural venous sinus with 
retrograde flow

IIb drains into dural venous sinus with 
antegrade flow + CVD

IIa + b drains into dural venous sinus with 
retrograde flow + CVD

III drains directly into subarachnoid 
veins (CVD only)

IV drains directly into subarachnoid 
veins with ectasia of the draining vein

V drains directly into spinal perimedul-
lary veins

Table�2.� The Cognard classification of DAVFs.

sinuses.125 In transverse-sigmoid sinus DAVFs, 
there is a slight left-sided predominance.83 

Most of the DAVFs are single lesions, but mul-
tiplicity of the lesions has also been report-
ed.9,214

2.1.5.1 Classification

In the reports from 1960, DAVFs were grouped 
by their location into cavernous sinus,82 trans-
verse-sigmoid sinus,123,171 and anterior fossa 
lesions.125,132 In 1973, Aminoff proposed a clas-
sification based on their topography.3 The fis-
tulas were divided into anteroinferior and su-
perior posterior groups. The first classification 
distinguishing the DAVFs draining into corti-
cal veins was by Castaigne in 1976.21,54 

In 1977 Djindjian proposed the first compre-
hensive classification of intracranial DAVFs 
based on angioarchitecture.55 The present 
classification of DAVFs is based on the venous 
drainage, which is known to predict their 
clinical behavior.5 The most commonly used 
ones are the Cognard classification, which is 
a modification of Djindjian classification, and 
a simplified version of Borden (Tables 1 and 2, 
Figures 1-3), validated by Davies.16,32,48 
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Borden type I and Cognard type I and IIa drain 
directly into venous sinuses, whereas in Bor-
den type II and III, and Cognard types IIb, 
IIa+b, III and IV there is direct or indirect re-
flux to cortical veins, causing more aggressive 
presentation, including hemorrhage and neu-
rological deficits. Cognard type V DAVFs drain 
into spinal perimedullary veins. 

Barrow classification is used for cavernous si-
nus DAVFs (Table 3).11 Barrow type A fistulas 
are direct high-flow shunts between inter-
nal carotid artery (ICA) and cavernous sinus, 
usually caused by trauma or rupture of an 
intracavernous ICA aneurysm. They form a 
separate entity, referred to as direct carotid 
cavernous fistulas (CCF), and should not be 
considered as true DAVFs. Barrow types B, C 
and D are true DAVFs with indirect low flow 
from meningeal branches of ICA or external 
carotid artery (ECA), or from both to cavern-
ous sinus.

2.1.6 Imaging

2.1.6.1 Digital subtraction angiography 
(DSA)

Digital subtraction angiography (DSA) was 
introduced for clinical use in 1980.41,157,201 

This major advance increased the detection 

Lesion�type Definition

A direct high-flow shunt between ICA 
and cavernous sinus

B indirect low-flow dural shunts be-
tween meningeal branches of ICA 
and cavernous sinus

C indirect low-flow dural shunts be-
tween meningeal branches of ECA 
and cavernous sinus

D indirect low-flow dural shunts be-
tween meningeal branches of both 
ICA and ECA and cavernous sinus

Table�3.� The Barrow classification of cavernous 
sinus DAVFs 

Figure�1.� Borden type I transverse-sigmoid sinus 
DAVF with antegrade flow into the sinus.

Figure�2.� Borden type II transverse-sigmoid sinus 
DAVF with CVD and antegrade flow into 
the sinus.

Figure�3.� Borden type III transverse-sigmoid sinus 
DAVF with CVD only.


CVD

CVD
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rate of DAVFs. The computerized process-
ing of the images improved the quality of 
angiographies, thus leading to more accu-
rate diagnosis in vascular pathologies with 
reduced time necessary for performing the 
examination and amount of contrast medium 

Figure�5.� MRI (TRICKS sequence) of the 
same patient as in Figure 1 showing  
pathological flow through the fistula.

Figure�6.� CT of the same patient as in Figures 1 and 
2. An abnormal vascular structure can be 
seen in the region of the vein of Galen.

Figure�4.� External carotid artery DSA showing 
Borden type III tentorial DAVF with direct 
cortical venous drainage and venous 
pouch in the area of the vein of Galen.

required.17,66,72,137,138,158,174,224 Despite recent 
advancement of imaging technology, DSA 
remains to this day the gold standard in diag-
nosing DAVFs. DSA accurately illustrates the 
flow dynamics of the fistula and of the circu-
lation of the normal brain. This information is 
critical both for treatment planning and for 
assessing the result after treatment (Figure 
4). Advances in hardware and software have 
improved DSA capability enabling imaging in 
2D and rotational 3D formats.60-62,72

2.1.6.2 Magnetic resonance imaging 
(MRI) and angiography (MRA)

In case of Borden type I DAVF without CVD, 
the MRI is usually normal.121 It may show vein 
dilatation, venous occlusion, or after contrast 
enhancement, increased vascularity around 
the involved sinus.52 Venous congestion may 
be seen on MRI as diffuse T2 hyperintensity 
in the white matter of cerebral or cerebellar 
hemispheres in DAVFs with CVD.130,228,227 

In the late 1980’s, methods for time resolved 
MR angiography were developed. Time-of-
flight MRA (TOF MRA) is now widely avail-
able and usually the primary screening tool 
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when DAVF is suspected.27,90,112,194,219 With 
time-resolved imaging of contrast kinetics 
(TRICKS) technique introduced in 1996,115 ar-
terial and venous phases of contrast passage 
through the brain can be separated, showing 
the flow dynamics of the DAVF (Figure 5). It 
is more sensitive than TOF MRA in detecting 
DAVFs,173 and a useful non-invasive follow-up 
tool during the treatment.181 TRICKS has less 
accurate spatial resolution than DSA, and 
therefore DSA is still needed for studying the 
detailed anatomy of DAVFs.

2.1.6.3 Computed tomography (CT) and 
angiography (CTA)

Computed tomography (CT) is the primary 
imaging method in ruptured DAVFs showing 
intracerebral hemorrhage (ICH), sometimes 
subarachnoid hemorrhage (SAH), subdural 
hematoma (SDH) epidural hematoma (EDH) 
or intraventricular hemorrhage (IVH). CT and 
conventional CTA may show abnormal vascu-
lature, venous ectasy and pouches related to 
DAVF (Figure 6).161 The drawback is its lack of 
temporal resolution. Dynamic CTA can show 
pathologic flow dynamics in intracranial ves-
sels indicating the presence of DAVF.172,226

Figure�7.� Slight chemosis and exophthalmos of the 
left eye in a patient with left cavernous 
sinus DAVF before and after embolization.

Figure�8.� MRI showing increased T2 signal in 
cervical spinal cord caused by a tentorial 
DAVF. The patient presented with 
progressive tetraparesis, which did not 
resolve after successful obliteration of 
the fistula.

 2.1.7 Presentation

The clinical presentation of DAVFs is deter-
mined by their location and the pattern of the 
venous drainage.5,16,59,93,97,110,125,140,165,221 Major-
ity of the patients with transverse-sigmoid si-
nus DAVFs suffer from various degrees of pul-
satile tinnitus, whereas DAVFs in the region of 
cavernous sinus usually cause exophthalmos 
and chemosis, and sometimes blindness due 
to increased intraocular pressure (Figure 7).202 
In transverse-sigmoid sinus DAVFs, the high-
flow, low pressure shunt in close proximity to 
the auditory apparatus causes the pulse-syn-
chronous bruit, which can often be extreme-
ly disturbing and prevent sleep. Cavernous 
sinus DAVFs usually drain into ophthalmic 
veins and therefore cause ocular symptoms. 
DAVFs with CVD may present with progres-
sive dementia, seizures, parkinsonism, ataxia, 
hemorrhage and neurological deficits due to 
local venous congestion, brain edema and/
or ischemia.34,81,91,97,100,125,129,227 Particular-
ly superior sagittal sinus DAVFs and fistulas 
that drain into the deep venous system cause 
these symptoms. These symptoms may be re-
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versible after treatment.100,101,104 DAVFs drain-
ing into perimedullary veins may cause my-
elopathy and progressive tetraplegia (Figure 
8).67,88,98,149,186,220

2.1.8 Natural history

Most DAVFs are considered relatively benign 
lesions.49,63,191,197 Overall, the reported annual 
risk of hemorrhage is only 1.8%.19 In patients 
treated conservatively, spontaneous occlu-
sion of the fistula may occur.108,124,143,151,188 
However, benign DAVFs carry a risk of 
spontaneous conversion into an aggressive 
type.33,108,167,191 

DAVFs with cortical venous drainage (Borden 
type II-III) behave more aggressively, caus-
ing nonhemorrhagic neurological deficits 
(NHND), ICH and/or SAH.16,120,125,153,191,195,197,217

,218 The Toronto Brain Vascular Malformation 
Group analyzed a subgroup of 20 DAVFs with 
CVD out of their 118 patients. DAVFs with 
CVD had an annual hemorrhage rate of 8.1%, 
NHND rate of 6.9%, and a combined annual 
event rate of 15%. The annual mortality rate 
during 87 person-year follow-up period was 
10.4%.218 Söderman et al. reported lower in-
cidence rates with shorter follow-up time.197 

Male gender, posterior fossa location, older 
age at presentation, and focal neurological 
deficits are associated with hemorrhagic pre-
sentation of DAVFs.162,195 Tentorial and anteri-
or fossa DAVFs are reported to have a risk of 
hemorrhage as high as 75-95%.6,32,111,153 Rup-
tured Borden type II and III carry a high risk of 
early rebleeding (35% within 2 weeks after the 
first hemorrhage).56 

In a series of benign (Borden type I) fistulas 
reported by Satomi J et al. from the Toron-
to group, no mortality was reported during 
a mean follow-up time of 27.9 months.191 In 
most of the studies, the mortality of patients 
with DAVFs and CVD was mainly related to 
hemorrhage or progressive neurological de-
terioration.3,6,8,15,50,53,65 In a study on the nat-

ural history of DAVFs by Brown et al, annual 
mortality rate of 2.3% was detected during a 
mean follow-up period of 6.6 years.19

2.2�Treatment�of�intracranial�
dural�arteriovenous�fistulas

2.2.1 Historical aspects

2.2.1.1 Surgical treatment

The first report on surgical treatment of ca-
rotid cavernous fistulas (CCFs) was already 
published in the 1930’s,44,57 describing the 
intracranial or extracranial closure of carot-
id artery with silver clips. Later, various oc-
clusion methods were reported: ligation of 
the common carotid artery (CCA), ligation of 
ICA, ligation of both ICA and ECA, ligation of 
CCA and ICA, ligation of CCA and ECA, and 
ligation of ICA intracranially and extracrani-
ally.57 Pieces of muscle were also introduced 
into the circulation from the feeding artery to 
obliterate the fistula.18,57,75 These techniques 
were used in the treatment of intracranial 
arteriovenous fistulas also in other locations 
and represented early, rudimentary attempts 
at “flow-directed” embolization.93 Hugosson 
was the first to describe microsugical occlu-
sion of transverse-sigmoid sinus DAVF.96 In 
1983, Sundt and Piepgras further developed 
the technique.203

2.2.1.2 Embolization

Introduction of DSA led to the development 
of endovascular techniques in treatment of 
intracranial vascular malformations, including 
DAVF. At first, polyvinyl alcohol (PVA) parti-
cles were used,204 followed by N-butylcyano-
acrylate (NBCA).10,73,78,109 NBCA was injected 
to occlude feeding arteries and PVA particles 
to reduce flow from smaller feeders and to oc-
clude small fistulas.
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Onyx (ev3, Irvine, Calif) has been the great-
est advancement in endovascular treatment 
of DAVFs.4,35,164,185,210 It is a nonadhesive liq-
uid agent comprised of ethylene vinyl alco-
hol (EVOH) dissolved in dimethyl sulfoxide 
(DMSO) that becomes solid when in contact 
with blood. The solidification occurs more 
slowly than that of NBCA, and Onyx is non-
adherent to the walls of the microcatheter 
and the vessel walls, thus allowing slower and 
longer injections with better control. It was 
first used for cerebral AVM embolization,102,179 

but soon the first reports on its use in the 
treatment of intracranial DAVFs were pub-
lished.4,185,210 Since the introduction of Onyx, 
the total occlusion rates of DAVFs, especially 
those with exclusive cortical venous drainage, 
have markedly increased according to the lit-
erature.4,28,35,95,103,135,141,148,145-147,150,162,164,200,205

2.2.1.3 Radiosurgery

Leksell introduced radiosurgery already in 
1951. In 1972, Steiner and Leksell described 
its use in the treatment of the cerebral 
AVMs.198,199 In the mid 1980’s, Colombo, Betti 
and Derechinsky reported the use of linear ac-
celerator.13,14,40,38,39 It was not until 1990’s that 

radiosurgical treatment of DAVFs began,7,25 

and since then, its use has rapidly increas
ed.31,65,74,113,136,144,155,168,196,229

2.2.1.4 DAVF treatment in Helsinki and 
Kuopio

Surgical treatment

In Finland, the first DAVFs were diagnosed at 
the Department of Neurosurgery in Helsinki 
in 1944. The first admitted patients had cav-
ernous sinus DAVFs presenting with pulsating 
exophthalmos, and they were only observed. 
In 1952, the first cavernous sinus DAVF was 
treated by proximal occlusion of common ca-
rotid artery with silk ligature. The symptoms 
were reduced but the DAVF remained par-
tially open. In 1950’s and 1960’s nearly exclu-
sively cavernous sinus lesions (3 DAVFs and 11 
CCFs) with severe symptoms were surgically 
treated. The others were managed conserva-
tively, as ligation of the feeding artery carried 
relatively high risk of developing neurological 
symptoms. In 1962, successful obliteration of 
anterior fossa DAVF was achieved by proxi-
mal ligation of ECA. 

Figure�9.� The first DAVF was microsurgically occluded in Finland in 1987. Carotid angiography shows a left 
transverse-sigmoid sinus DAVF in a 63-year-old man presenting with severe pulsating bruit.
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The first transverse-sigmoid sinus DAVF was 
treated by proximal ligation of ECA in 1971. 
Partial obliteration of the fistula was achieved 
and the symptoms relieved. Since 1970’s in-
creasing number of DAVFs in different loca-
tions were treated by proximal ligation of 
ECA, ICA or both with silk ligature or Crutch-
field™ clamp.42 However, the total occlusion 
rate was low. Some of the patients did not tol-
erate the closure of the feeding artery and the 
DAVF was left partly open. On the other hand, 
the ones that were totally occluded had a ten-
dency to create new fistulous connections.

As a young surgeon, Juha Hernesniemi was 
working in Uppsala, Sweden and observing 
Hugosson who had previously published a 
report on microsurgical excision of five trans-
verse-sigmoid sinus DAVFs (Hernesniemi, 
personal communication). At the Mayo clinic, 
Sundt was the first to perform microsurgical 
occlusion of DAVFs. Hernesniemi operated 
on his first transverse-sigmoid sinus DAVF 
in 1980 by injecting gelatin sponge particles 
mixed with saline into the external carotid ar-
tery resulting in complete occlusion of the fis-
tula. Following the footsteps of Hugosson and 
Sundt, he performed the first microsurgical 
occlusion of transverse-sigmoid sinus DAVF 
in 1987 in Kuopio (Figure 9).83 Since then, he 
has operated on altogether 123 DAVFs. He 
published his first paper concerning the treat-
ment of transverse-sigmoid sinus DAVFs in 
1994.83

Endovascular treatment and radiosurgery

The first endovascular procedures on DAVFs 
were performed in 1989 in Kuopio. Two trans-
verse-sigmoid sinus DAVFs were preopera-
tively embolized. In Helsinki, the endovascu-
lar management of intracranial lesions was 
started with balloon occlusion of a traumatic 
CCF in 1991. In the same year, two cavernous 
sinus DAVFs were successfully embolized. The 
use of Onyx in the treatment of cerebral AVMs 
and DAVFs began in 2006. Since then, Onyx 
embolization has been the primary treatment 
method for intracranial DAVFs.

Radiosurgery using stereotactic linear accel-
erator with micromultileaf collimator (LINAC 
8) started in Helsinki in 2003. The first DAVF 
patients were treated with LINAC in Kuopio in 
2003, and in Helsinki in 2005.

2.2.2 Treatment options

2.2.2.1 Observation

DAVFs with direct flow into the sinus with-
out CVD have a very low risk of bleed-
ing.16,19,32,49,191,197 If the patient tolerates the 
symptoms, these lesions can be observed. 
Although Borden type I DAVFs have benign 
behavior, they carry a 2% potential for con-
version into a lesion with CVD.19 In reports 
by Satomi et al. and Cognard et al. CVD de-
veloped after incomplete occlusion of DAVF 
in all but three of the patients without treat-
ment.33,191 Therefore, close clinical follow-up 
and radiological evaluation in case of change 
in symptoms is needed.19

2.2.2.2 Selective disconnection of 
cortical venous drainage

Borden type II and III carry a rather high risk 
of hemorrhage necessitating treatment to 
prevent bleeding.16,47,56 DAVFs that have al-
ready presented with hemorrhage, should be 
treated early due to  their high risk of rebleed-
ing.19,51

Understanding that DAVFs are venous-based 
rather than arterial-based lesions raised the 
thought of focusing treatment on the venous 
side of the fistula.159 Selective disconnection, 
described by Collice et al. and further pro-
posed by others, results in complete oblit-
eration of Borden type III DAVFs and turns 
the Borden type II DAVFs into benign ones. 
26,30,37,92,153 Thereafter, these lesions may be 
only observed. Due to risks related to interfer-
ing the venous outflow of DAVFs by complete-
ly occluding them, selective disconnection of 
the CVD microsurgically or endovascularly is 
recommended as the first-line treatment of 



25

2 Review of the literature

the Borden type II DAVFs, instead of aiming 
at complete obliteration of the fistula.43,92,215

2.2.2.3 Multimodality treatment

Combining different treatment modali-
ties has proven to be the most efficient way 
to achieve symptom relief and complete 
occlusion of DAVFs especially in cases re-
fractory to one therapeutic modality alo
ne.8,23,65,105,113,133,162,178,184,193 

Transarterial embolization with Onyx is the 
primary treatment method of many DAVFs. 
In Borden type III DAVFs also NBCA in low-
er concentrations is proved to be still safe 
and effective treatment option.73,109 Transve-
nous coil embolization might be preferred in 
DAVFs with small feeders originating from 
the ICA or VA, and in many indirect cavernous 
sinus DAVFs. However, it carries the risk of ve-
nous infarction. 

In Borden type I DAVFs with intolerable symp-
toms, radiosurgery by linear accelerator (Lin-
ac) or gamma-knife alone or as adjuvant ther-
apy to embolization can be used.31,113,196,230,231 

In Borden type II and III DAVFs with significant 
risk of hemorrhage, radiosurgery is rarely 
an option because of the slowly occurring 
occlusion process. If complete occlusion of 
the fistula or at least obliteration of CVD by 
embolization is not achieved, microsurgical 
obliteration of the CVD or the entire fistula is 
required.50,105,162,190,218
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3 Aims of the study

1. To analyze the characteristics of intracranial dural arteriovenous fistulas and the 
results of their treatment.

2. To assess the long-term excess mortality in patients with intracranial dural 
arteriovenous fistulas and to evaluate factors affecting mortality.

3. To analyze the results of microneurosurgical management of intracranial 
dural arteriovenous fistulas, and describe the techniques and the role of 
microneurosurgery in the management of intracranial dural arteriovenous fistulas 
at different locations.

3�Aims�of�the�Study
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4 Materials and methods

The study is based on the retrospective data 
of 283 patients with 293 intracranial DAVFs, 
admitted to two of the five Departments of 
Neurosurgery in Finland (Helsinki and Kuopio) 
(Table 4). The catchment area of these de-
partments is approximately 2.5 million inhab-
itants. 

4.1�Publication�I:�Clinical�
characteristics�and�long-term�
outcome

4.1.1 Patients

In publication I, we identified 251 patients 
with 261 intracranial true DAVFs (Borden type 
I-III16 and Barrow type B-D fistulas11) from the 
330 intracranial arteriovenous fistulas diag-
nosed at two of the five neurosurgical centers 
in Finland (population 5.3 million), Helsinki 
and Kuopio, between January 1944 and De-
cember 2006. The remaining 69 patients with 
Barrow type A high-flow carotid cavernous 
fistulas were excluded from this study. We 
identified a subgroup of 44 patients admitted 
to the Department of Neurosurgery in Helsin-
ki University Hospital between 2001 and 2005 
to determine the incidence of DAVFs.

4.1.2 Data collection

The patient files and radiological images were 
retrospectively reviewed. Clinical variables in-
cluding age, sex, medical history, presenting 
symptoms, DAVF location and the Borden 
or Barrow classification were collected. In all 
cases the diagnosis of DAVF was confirmed 
by carotid angiography by direct needle punc-
ture, or from 1989 onwards by digital sub-
traction angiography (DSA). Computerized 
tomography (CT) was performed since 1980 
for patients with ruptured DAVFs. Preopera-
tive magnetic resonance angiography (MRA) 
images were available in 23 patients. We col-
lected the radiological data directly from the 
images obtained between 1988 and 2010 and 
from the chart description for patients treat-
ed before 1987. We compared radiological 
features with clinical features and results of 
treatment by different modalities and tech-
niques according to DAVF location.

4.1.3 Follow-up

Follow-up data were retrospectively collect-
ed from the day of admission until death, last 
follow-up visit or December 31, 2010. In the 
early series, only clinical symptoms were fol-

4�Materials�and�Methods

Table 4. Characteristics of the patients in publications I-III.

Characteristic Publication�I Publication�II Publication�III

Time period 1944-2006 1944-2006 1980-2010

No. patients 251 227 116

No. DAVFs 261 234 118

Gender
         Women (%)
         Men (%)

139 (55%)
112 (45%)

137 (60%)
90 (40%)

66 (56%)
50 (44%)

Age (yrs) : median (range)
         Women
         Men

55.6 (0-82)
56.7 (0-82)
51.6 (0-78)

56.2 (0-82)
56.7 (0-82)
54.5 (0-78)

56.8 (22-78)
56.5 (22-78)
58.6 (35-77)
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lowed up and a follow-up angiography was 
performed only in a few cases with persisting 
symptoms. Since 1980’s, follow-up angiog-
raphy was performed in all treated patients 
before discharge. There was sufficient clinical 
data in 236/251 patients with 246 fistulas to 
evaluate the complete occlusion of the DAVF. 
Thirteen patients with traumatic middle men-
ingeal artery lesions and two with conserva-
tively treated other traumatic DAVFs were 
lost to follow-up. If patients with completely 
occluded DAVFs did not contact the depart-
ments after the discharge for recurred symp-
toms, they were considered to be cured in 
the analysis. Repeated angiography was per-
formed only if recurrent symptoms occurred. 
Patients who received SRS were followed up 
with DSA or MRA or both annually up to at 
least three years. Outcomes were clinically 
graded at the first follow-up at three months 
and at the last follow-up. Glasgow Outcome 
Scale (GOS) score was used to measure out-
come. Good outcomes were defined as nor-
mal life or moderate disabilities (GOS score 
4-5). Fair outcomes were defined as severe 
disabilities, with dependence of the care of 
others (GOS score 3). Poor outcomes were 
defined as persistent vegetative state (GOS 
score 2) or death (GOS score 1).

4.1.4 Statistical analysis

Statistical analyses were performed using 
commercially available statistical software 
package (SPSS for Windows, version 17.0 
2008; SPSS, Inc., Chicago, IL). Clinical char-
acteristics were presented as percentages for 
categorical variables and as medians for con-
tinuous variables. The incidence rate was cal-
culated cumulatively from 2001 to 2005 as the 
proportion of patients diagnosed with DAVF 
in the catchment area of the Department of 
Neurosurgery in Helsinki, Finland (range 1 
720,068 to 1 760,743 between 2001 and 2005).

4.2�Publication�II:�Long-term�
excess�mortality

4.2.1 Patients

In contrast to publication I, the 24 patients 
with traumatic cortical artery lesions were 
excluded from the study in publication II. The 
data collection was in concordance with pub-
lication I.

4.2.2 Data collection during 
follow-up

Patients were followed up from the time of 
admission to the Department of Neurosur-
gery until death or December 31, 2009. Vital 
status at the end of 2009 was obtained from 
the Population Register Center, which con-
tains information on all Finnish residents. The 
dates and causes of death were provided by 
Statistics Finland. They also provided com-
parable data on the causes of death for the 
entire population of Finland during the study 
period. Death was considered DAVF-related 
if it was attributable to the DAVF or its treat-
ment, or late sequelae of DAVF-associated 
morbidity, for example pneumonia in a bed-
ridden patient.

4.2.3 Statistical analysis

The relative survival ratio (RSR) provided a 
measure of the excess mortality for patients 
diagnosed with DAVF, irrespective of wheth-
er this excess mortality was directly or indi-
rectly attributable to the illness. The RSR was 
calculated by dividing the observed survival 
proportion by the expected survival propor-
tion in a comparable reference population.58 

The expected survival was derived, using the 
Hakulinen method, from that of the compa-
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rable general population of Finland matched 
with respect to age, gender, and calendar 
time based on data from Statistics Finland.76,77 

The 95% confidence intervals (CI) for annual 
RSR and cumulative relative survival esti-
mates were calculated by assuming normal 
distribution. Student’s t-test and Pearson’s 
χ2 test were used for comparing patient and 
DAVF characteristics between groups. Statis-
tical analysis was carried out using SPSS 17.0 
software (SPSS, Inc., Chicago, IL).

4.3�Publication�III:�
Microneurosurgical�
management�of�DAVFs

4.3.1 Patients

The data presented in publication III rep-
resents 116 consecutive patients with 118 
DAVFs treated microsurgically in Helsinki and 
Kuopio neurosurgical units between 1980 and 
2010.

4.3.2 Follow-up

Follow-up data were retrospectively collect-
ed from the day of admission until death, the 
last follow-up visit or December 31, 2012. The 
clinical status of the patients was followed 
up. Repeated angiographies (DSA or MRA) 
were performed only in cases of recurrent 
symptoms. In addition, the patients who re-
ceived SRS were followed up with digital sub-
traction angiography (DSA) or/and magnetic 
resonance angiography (MRA) annually up to 
three years. The outcomes were assessed at 
the first follow-up at three months and at the 
last follow-up according to the Glasgow Out-
come Scale (GOS) score. GOS scores of 4-5 
were considered good outcomes, and GOS 
scores of 1-3 were considered poor outcomes.

4.3.3 Statistical analysis

Statistical analysis was performed using com-
mercially available statistical software pack-
age (SPSS for Windows, version 19.0 2008; 
SPSS, Inc., Chicago, IL). The Pearson chi-
square test was used. Clinical characteristics 
were presented as percentages for categor-
ical variables and as medians for continuous 
variables.



32



33

5 Results

5.1�Incidence�of�dural�
arteriovenous�fistulas

Until 1970s only very few DAVFs were diag-
nosed. The patients were admitted to the 
hospital due to severe exophthalmos or bruit. 
Majority (82%) of the admitted patients had 
transverse-sigmoid sinus, torcular or cav-
ernous sinus DAVFs, typically causing these 
symptoms. The number of patients increased 
during the 1970’s due to the increased number 
of trauma patients, and again in the 1990’s af-
ter the introduction of DSA. Twenty-two of 
the 38 patients from the 1970’s had traumatic 
cortical artery lesions seen in diagnostic angi-
ographies performed due to severe head trau-
ma, and in only 16 patients the angiography 
was performed due to symptoms caused by 
DAVF. In 1980, CT became the primary screen-
ing method for trauma patients, decreasing 
the number of DAVFs (Tables 5 and 6). 

Between 2001 and 2005, 5-14 new DAVF 
patients per year were admitted to the De-
partment of Neurosurgery in Helsinki. The 
calculated crude incidence of DAVFs in the 
catchment area (range 1 720,068 to 1 760,743 
between 2001 and 2005) was 0.51 per 100,000 
per year. We compared it with the incidence 
of brain AVMs in the same population and the 
same period of time.122 The incidence of brain 
AVMs was 1.09 per 100,000 per year, which is 
comparable to their current estimated detec-
tion rate.29 Thus DAVFs accounted for 32% of 
all intracranial AVMs in this defined popula-
tion.

5�Results

TIme�period Admitted patients
(n=227)

1944-1949 1

1950-1959 3

1960-1969 6

1970-1979 16

1980-1989 20

1990-1999 94

2000-2006 87

5.2�Clinical�characteristics�
and�outcome�of�DAVF�
patients�(Publication�I)

5.2.1 Patient characteristics

Of the 251 patients, 139 (55%) were women 
and 112 (45%) were men. The median age of 
the adults was 55 years (range 18-82 yrs). Mul-
tiple fistulas (range 2-4) were found in eight 
patients, four women and four men. Before 
the 1980’s the majority (69%) of the patients 
were men.
 
Only in one fourth (25%) of the patients there 
was a clear potential etiological factor avail-
able. Trauma was the underlying cause in 51 
(20%) patients in the whole series. Before the 
1980’s 71% of the DAVFs were traumatic in or-
igin. Four DAVFs were diagnosed after sinus 
thrombosis, one with mastoiditis, four devel-
oped after surgery, and three were obviously 
congenital.

The patients with DAVF found in diagnostic 
angiographies in 1960’s and 1970’s had had 
severe head trauma and had been initially 
unconscious, thereafter most patients with 

Table�5.� Detection rates of DAVFs between 1944 
and 2006, excluding traumatic cortical 
artery lesions.
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traumatic DAVFs had had mild head trauma 
without unconsciousness.

5.2.2 DAVF characteristics

DAVFs

The most common location of the 261 DAVFs 
was transverse and sigmoid sinuses (61%), 
followed by cavernous sinus (10%) (Table 7). 
Left-sided predominance was seen in trans-
verse and sigmoid sinus DAVFs, 103 (65%) on 
the left, 52 (33%) on the right and three (1.9%) 
bilateral or midline lesions. 

Twenty-seven (3.8%) of the 261 DAVFs were 
traumatic cortical artery lesions, most com-
monly in the middle meningeal artery, seen 
in diagnostic angiographies of head trauma 
patients during 1960’s and 1970’s. On one pa-
tient DSA was performed after trauma due to 
heavy epistaxis. Four convexity DAVFs were 

found. All except two of the 24 trauma pa-
tients were men. 

Classification

Cortical venous drainage (CVD) was present in 
88 (34%) fistulas. Men had CVD significantly 
more often than women. It was present in 54 
(46%) men and in 34 (24%) women. The CVD 
cases included 23 traumatic cortical artery le-
sions and 65 (28%) of the 234 other fistulas. 
Fifteen (5.7%) DAVFs included venous pouch-
es. Women had more Borden type I DAVFs 
than men, whereas men had more type III le-
sions (Table 7). 

Presentation

Pulsating bruit was the most common symp-
tom in 65% of the patients, severe in most of 
them (Table 8). Of the patients having DAVFs 
without CVD, 83% presented with bruit, and 
only 23% of those with CVD. Other symptoms 

Characteristic 1944-
1949

1950-
1959

1960-
1969

1970-
1979

1980-
1989

1990-
1999

2000-
2006

n=1 (%) n=3 (%) n=7 (%) n=38 (%) n=20 (%) n=94(%) n=88 (%)

Gender
         Women
         Men

1 (100)
0 (0)

1 (33)
2 (67)

2 (29)
5 (71)

11 (29)
27 (71)

10 (50)
10 (50)

60 (64)
34 (36)

54 (61)
34 (39)

Median age in yrs
         Women
         Men

38 56 
23 (17-29)

52 (46-57)
36 (25-51)

47 (35-64)
42 (4-69)

65 (25-78)
55 (32-70)

57 (0-76)
60 (2-78)

58 (22-82)
52 (0-72)

DAVF location
         Transv-sigm
         Cavernous
         Other

0 (0)
1 (100)

0 (0)

1 (33)
2 (67)
0 (0)

4 (57)
1 (14)
2 (29)

12 (32)
1 (2.6)
25 (66)

15 (71)
1 (4.8)
5 (23)

73 (76)
10 (10)
13 (14)

61 (64)
11 (12)
23 (24)

CVD present 0 (0) 0 (0) 2 (29) 25 (66) 6 (29) 24 (25) 31 (33)

Treatment
         Ligation
         Craniotomy
         Embolization
         SRS
         Other/combined
         Conservative 1 (100)

2 (67)

1 (33)

1 (29)

5 (71)

6 (16)
1 (2.6)

6 (16)
25 (66)

7 (33)
6 (29)

4 (19)
4 (19)

1 (1.0)
10 (10)
45 (47)

37 (39)
3 (3.1)

6 (6.3)
33 (35)
4 (4.2)
43 (45)
9 (9.5)

Total occlusion rate 0 (0) 0 (0) 1 (14) 1 (37) 13 (62) 59 (61) 7 (71)

Table 6. Characteristics and detection rates of DAVFs between 1944 and 2006.
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Characteristic Women
n=143�(%)

Men
n=118�(%)

All
n=261�(%)

DAVF Location (n=261)
         Transverse and sigmoid sinus
         Torcula
         Cavernous sinus
         Middle fossa
         Convexity
         Frontobasal
         Tentorium
         Superior sagittal sinus
         Foramen magnum
         Other

101 (71)
5 (3.5)
17 (13)
2 (1.4)
4 (2.8)
3 (2.1)
2 (1.4)
1 (0.7)
2 (1.4)
4 (2.8)

57 (48)
3 (2.5)
8 (6.8)
18 (15)
13 (11)
5 (4.2)
5 (4.2)
5 (4.2)
3 (2.5)
1 (0.8)

158 (61)
8 (3.1)
27 (10)
20 (7.7)
17 (6.5)
8 (3.1)
7 (2.7)
6 (2.3)
5 (1.9)
5 (1.9)

DAVF side (n=261)
         Left
         Right
         Midline or bilateral

48 (34)
75 (52)
20  (14)

63 (53)
40 (34)
15 (13)

138 (53)
88 (34)
35 (13)

Borden classification (n=234)
         I
         II
         III
         not available

87 (69)
14 (11)
16 (13)
7 (5.5)

52 (47)
9 (8.2)
46 (42)
3 (2.7)

139 (59)
23 (9.8)
62 (26)
10 (4.3)

Barrow classification (n=27)
         B
         C
         D
         not available

4 (22)
3 (17)

11 (61)

5 (56)
1 (11)
1 (11)
2 (22)

9 (33)
4 (15)

12 (44)
2 (7.4)

Hemorrhage from DAVF (n=261)
         Yes
         No

11 (7.7)
132 (92)

23 (19)
95 (81)

34 (13)
227 (87)

Table�7.� Characteristics of 261 DAVFs

Table�8.� Clinical symptoms of DAVF patients by Borden classification.

Type�I
n=139�(%)

Type�II
n=23�(%)

Type�III
n=62�(%)

Type�n/a
n=10�(%)

All
n=224�(%)

Bruit
         mild
         severe
Headache
Hemiparesis
Seizure
Mental deterioration
Hemorrhage
No symptoms

37 (27)
89 (64)
36 (26)
1 (0.7)
1 (0.7)
1 (0.7)
3 (2.2)
2 (1.4)

6 (26)
9 (39)
7 (30)
2 (8.7)
4 (17)
1 (4.3)
7 (30)

3 (4.8)
1 (1.6)
20 (32)
14 (23)
11 (18)
5 (8.1)
22 (35)

5 (50)
1 (10)
4 (40)
1 (10)
2 (20)

2 (20)

51 (23)
100 /45)
67 (30)
18 (8.0)
18 (8.0)
7 (3.1)
34 (15)
2 (0.9)

were headache 82 (33%), chemosis and ex-
ophtalmos 22 (8.8%), hemiparesis 20 (8.0%) 
and seizures 19 (7.6%). 

In 34 (14%) patients, the DAVF presented ini-
tially with a hemorrhage (13 transverse and 
sigmoid sinus, 2 torcula, 4 middle fossa, 4 
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convexity, 5 SSS, 2 tentorium, 2 frontobasal, 
1 foramen magnum, 1 other). Hemorrhagic 
presentation was more common in men than 
in women: 23/112 (21%) vs. 11/139 (7.9%). CVD 
or venous pouches were present in 29 (85%) 
of the 34 patients with hemorrhage, CVD in 21 
(62%), venous pouch in two (5.9%), and both 
in six (18%). Seven of these 34 fistulas were 
Borden type III and 22 were type II. Also three 
Borden type I DAVFs presented with bleed-
ing. Bleeding from DAVF did not lead to a 
deeply comatose state in any of the patients. 
The patients presented with headache and/or 
neurological deficits.

5.2.3 Long-term occlusion rates

Of the 261 DAVFs, 48 were observed and 
213 received treatment. The conservatively 
treated group included 21 traumatic DAVFs. 
Observation instead of treatment was cho-
sen because of mild symptoms in 45 patients, 
and 3 DAVFs occluded spontaneously before 
treatment. 

Overall, 59% of the DAVFs that were admit-
ted and 67% of those that received treatment 
since 1944 were successfully occluded (Table 
9): 100% with craniotomy and glue injection 
into the affected sinus; 87% with emboliza-
tion and craniotomy; 87% with craniotomy 
and resection of the fistula or cutting the 
feeding arteries; 75% with SRS; 60% with 

embolization and other operation (glue injec-
tion); 51% with embolization; 50% with em-
bolization and SRS, and 50% with ligation of 
the feeding artery. Two of the six (33%) DAVFs 
embolized with Onyx® became completely 
occluded. The four partially occluded ones 
were very complex in which previous embo-
lizations with PVA, NBCA and coils had failed. 

Three of the 261 DAVFs have appeared to be 
incurable: one in the area of transverse and 
sigmoid sinuses, repeatedly developed new 
fistulous connections, and transformed from 
Borden type I to type II; another one in the 
area of transverse and sigmoid sinuses and 
torcula has remained open with CVD in spite 
of numerous NBCA, Onyx and coil emboliza-
tions (Figure 10); the third one with several 
fistulous connections in the sagittal, trans-
verse and sigmoid sinuses has resisted any 
therapy (Figure 11).

Surgical treatment

Ligation of feeding arteries resulted most 
often in residual filling of the fistula. These 
DAVFs often developed numerous new fistu-
lous connections, which were even more diffi-
cult to treat. Twenty of the 53 surgically treat-
ed DAVFs required repeated treatment. All 
of these patients underwent two procedures: 
12 repeated craniotomies, five proximal liga-
tions of feeding arteries, and three proximal 
ligations followed by a craniotomy, and to-

Treatment Total occlusion rate
n�(%)

Complication�rate
n�(%)

No. DAVFs / procedures /patients 261 489

Ligation (n=18 / 35 )
Craniotomy, resection (n=23 / 116 )
Embolization (n=78 / 313)
SRS (n=4 / 17)
Combination / other op (n=90 / 8)
Conservative (n=48)

9 (50)
20 (87)
40 (51)
3 (75)

70 (78)
12 (25)

3 (9)
24 (21)
16 (5)
1 (6)

2 (25)

Total 154 (59) 46 (9)

Table�9.� Total occlusion and complication rates of 261 DAVFs in 489 procedures by occlusive technique.
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Figure�10.�DSA revealed a Borden type II DAVF in the area of both transverse-sigmoid sinuses and torcula 
with multiple feeders from both ICAs, ECAs and VAs in a 59-year-old woman presenting with 
headache and visual disturbance. Despite several embolizations with NBCA, Onyx and coils, this 
inoperable DAVF has remained open.
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Figure�11.�a, b DSA showed several fistulous connections in superior sagittal, transverse and sigmoid 
sinuses in a 22-year-old woman with severe headache. After several embolizations, microsurgical 
occlusions and SRS even more fistulous connections have developed.

A

B



39

5 Results

tal occlusion was achieved in 10 (50%) cases 
(eight, one and one, respectively).

Endovascular treatment

Advances in endovascular techniques (par-
ticularly Onyx) and increasing experience 
improved the occlusion rates of endovascu-
lar and combined treatment improved from 
47% and 74% in the 1990’s to 58% and 81% 
between 2000 and 2006. 

The average number of embolizations per-
formed before total occlusion or proceeding 
with surgery or SRS was 1.96 (range 1-9). 
Forty-three (55.1%) of the 78 endovascular-
ly treated fistulas required more than one 
embolization. In sixty-two DAVFs, only main 
feeders were embolized and patients under-
went microsurgical resection of the fistula. 
Endovascular therapy failed in 16 cases, and it 
was followed by craniotomy and/or SRS. 

Observation

Of the 48 fistulas that were only observed, 12 
(25%) occluded spontaneously. Eight of them 
were located in the convexity and traumatic 
in origin, three in the area of transverse and 
sigmoid sinuses, and one in the cavernous si-
nus. The median interval between the initial 
diagnosis and angiography showing occlusion 
was 5.1 weeks (range 0.7-73 weeks).

5.2.4 Complications of treat-
ment

Overall, there were complications in 46 (18%) 
procedures (Table 9). There were 21 (8.4%) 
severe complications (large infarction, ICH, 
EDH, SDH, brain swelling), of which ten oc-
curred after craniotomy, 10 after emboliza-
tion and one after SRS. Other complications 
were postoperative meningitis despite pro-
phylactic antibiotics, deep venous thrombo-
sis, pneumonia, wound infection, severe sep-
sis, and pulmonary embolism. 

Severe bleeding (>1000 ml) occurred in 16 of 
the 116 (14%) craniotomies performed on 93 
patients (17%). There were complications in 
24 of the 116 (21%) surgical procedures, of 
which 9 (7.6%) were severe. The most com-
plications were seen after microsurgical oc-
clusion of the transverse and sigmoid sinus 
DAVFs, 24% in overall (9.3% severe), and 
after craniotomy and glue injection into the 
cavernous sinus (29%).

In 313 endovascular procedures performed 
in the treatment of 156 DAVFs, altogether 
16 (5.1%) complications, of which 10 (3.2%) 
severe, were seen. The complications were 
hemorrhagic or ischemic in 11 (7.1%) patients 
and in 13 (4.2%) procedures. All except two 
patients developed symptoms immediately 
after the procedure. Two fistulas bled 16 days 
after the embolization.

The only complication related to SRS was an 
ICH due to puncture of a stereotactic frame 
pin through a burr hole from a previous crani-
otomy and necessitated evacuation.

Treatment mortality

Ten patients died within 30 days after a proce-
dure, but only five (2.0%) were related to the 
procedure itself. Three deaths occurred after 
embolization (SAH, infarction, sinus throm-
bosis) and two patients had sudden severe 
edema during the operation ultimately lead-
ing to death (one after microsurgical occlu-
sion and another after embolization followed 
by microsurgical occlusion of the DAVF).  Oth-
er causes of death were pulmonary embolism, 
cardiac infarction and purulent meningitis.

5.2.5 Neurological long-term 
outcome

The median clinical follow-up time was 1.1 
years (mean 3.1 yrs, up to 40.2yrs). Follow-up 
data at three months was available in 157 pa-
tients. At three months, 141 (56%) patients 
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had a good outcome (GOS 4-5), 6 (2.4%) had 
a fair outcome, and 10 (4.0%) had died. At the 
end of the follow-up period, 218 (87%) had a 
good outcome and 12 (4.8%) a fair outcome 
(Table 10). The patients with transverse-sig-
moid sinus and cavernous sinus DAVFs had 
the best outcome, good recovery (GOS 4-5) in 
92% and 87%, respectively. 

5.3�Long-term�mortality�and�
excess�mortality�(Publication�
II)

5.3.1 Long-term mortality

Of the 227 patients, 61 (27%) had died by the 
end of the follow-up period. Within the first 12 
months, the overall mortality was 4.8%. An-
nual RSR was lowest (0.95, 95% CI 0.92-0.98) 
during the first year after admission. After the 
first 12 months, cumulative RSR declined only 
slightly showing no significant excess mortali-
ty among all DAVF patients (Figure 12).

Altogether 50 (23%) of the 216 one-year sur-
vivors died later during the follow-up. Cancer 
(10/50, 20%), cardiovascular disease (9/50, 
18%) and cerebrovascular disease (6/50, 12%) 
were the most frequent causes of death (Table 
11). Only two patients died due to DAVF-relat-
ed causes: one that was treated three years af-
ter initial admission died due to surgical com-
plications, another had a bleeding from the 
partially occluded DAVF leading to death nine 
years after admission. Both of these DAVFs 
presented with CVD. Another two patients 
with partially occluded transverse-sigmoid 
sinus and cavernous sinus DAVFs were diag-
nosed with SAH by lumbar puncture 24 and 
37 years after admission. Eventually, both of 
them died but autopsies were not performed. 
Other causes of death were pulmonary em-
bolism, pneumonia, trauma, unrelated sui-
cide and status epilepticus. In six patients the 
causes of death were unknown.

5.3.2 Short-term excess mortal-
ity

During the first 12 months, excess mortality 
was observed and it was mainly due to treat-
ment complications (45% of the 11 deaths). 
Two (18%) of the deaths were cerebrovas-
cular (massive sinus thrombosis and ICH not 

Figure�12.�Cumulative relative survival ratios (RSR) 
with 95% confidence intervals (CI) of 227 
patients with dural arteriovenous fistulas 
(DAVF) as a function of follow-up period 
in years.

Table�10.� Long-term outcome of 251 DAVF patients 
(patients with good recovery: GOS 4-5).

Location No. patients
n�(%)

Transverse-sigmoid sinus
Confluence sinuum
Cavernous sinus
Middle fossa
Convexity
Frontobasal
Tentorium
Superior sagittal sinus
Foramen magnum
Other

141 (92)
6 (75)

20 (87)
11 (65)
12 (71)
3 (75)
5 (83)
5 (83)

4 (100)
11 (85)

All 218 (87)



41

5 Results

Cause�of�death Age�(yr)�at�death�
(mean�±�SD)

Time�from�admission�to�death,�years�[n(%)]

0-1 1-5 5-10 10-20 > 20 Total

DAVF related
Cardiovascular
Cerebrovascular
Cancer
Other disease
Trauma
Not known

64.5 ± 17.8
70.0 ± 15.9
69.1 ± 7.6
74.6 ± 8.4
75.1 ± 13.2
62.6 ± 12.8
74.7 ± 16.3

5 (45)
1 (9)

2 (18)
0

1 (9)
2 (18)

0

1 (9)
2 (18)
1 (9)
3 (27)
2 (18)
2 (18)

0

1 (8)
3 (23)
2 (15)
3 (23)
3 (23)
1 (8)

0

0
3 (21)
1 (7)

3 (21)
4 (29)
3 (21)

0

0
1 (8)

2 (17)
1 (8)

2 (17)
0

6 (50)

7 (11)
10 (16)
8 (13)

10 (16)
12 (20)
8 (13)
6 (10)

All 70.5 ± 13.5 11 11 13 14 12 61

related to DAVF), one (9%) cardiovascular 
death, and another one (9%) due to pulmo-
nary embolism. Two (18%) of the patients had 
had severe head trauma and DAVF was an 
incidental finding in diagnostic angiography 
performed. Eventually, the head trauma re-
sulted in death. CVD was present in only one 
of the patients that died early due to treat-
ment complication.

5.3.3 Long-term excess mortali-
ty among one-year survivors

Effect of CVD on survival

Of the 216 one-year survivors, 60 (28%) pre-
sented with CVD; 15 (30%) of those died lat-
er during the follow-up period and 45 (27%) 
were alive at the end of the follow-up period. 
The presence of CVD was unknown in 13 pa-
tients (including two cavernous sinus fistulas) 
because the images were lacking and the ra-
diology reports did not contain enough data 
for definite conclusions. The majority (58%) of 
the DAVFs with CVD were Borden type III.

DAVF patients with CVD had continuous ex-
cess mortality during the follow-up time (Fig-
ure 13). The cause of death was DAVF-related 
in two (13%) of the 15 patients having DAVF 
with CVD, and in none of the 27 patients with-
out CVD, cardiovascular disease in 4/15 (27%) 

and 4/27 (15%), cerebrovascular disease in 
2/15 (13%) and 4/27 (15%), respectively. The 
patients presenting with hemorrhage had a 
tendency to have excess mortality only until 
seven years after admission. Thereafter, there 
was only one death. The causes of death after 
hemorrhage were cancer (2/6, 33%), cardio-
vascular (1/6, 17%), trauma (1/6, 17%), suicide 
(1/6, 17%) and unknown (1/6, 17%).

Effect of DAVF location on survival

The majority (71%) of the DAVFs in one-year 
survivors were located in the region of the 
transverse and sigmoid sinuses. DAVFs in the 
region of transverse and sigmoid sinuses were 
more common in women (78%) than in men 
(62%). CVD was present more often in DAVFs 
in other locations than transverse and sigmoid 
(42% vs. 18%) and they were more prone to 
bleed (27% vs. 8%). The survival rates of the 
patients with transverse-sigmoid sinus DAVFs 
were similar to those of a matched general 
population. However, excess mortality was 
observed in patients with DAVFs in other lo-
cations (Figure 13).

Although the proportion of men with DAVFs 
in other locations than transverse and sig-
moid sinuses and presenting with CVD and 
hemorrhage was higher, their survival rates 
were similar to those of women.

Table�11.� Causes of death of the 61 patients who died by the end of the follow-up period.
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Figure�13.�Cumulative relative survival ratios (RSR) of the 216 patients with dural arteriovenous fistulas 
(DAVF) who survived the first year after admission; 60 patients presenting with cortical venous 
drainage (CVD) and 145 without (A), 30 patients with ruptured and 183 patients with unruptured 
DAVFs (B), 154 patients with DAVFs in the area of transverse-sigmoid sinuses and 62 patients with 
DAVFs in other locations, as a function of follow-up period in years with 95% confidence intervals 
(CI).
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5.4�Microneurosurgery�of�
DAVFs�(Publication�III)

Of the 116 microsurgically treated patients, 
57% were women and 43% were men (Table 
12). Transverse and sigmoid sinuses were the 
most common location of DAVFs. Altogeth-
er 25 (21%) patients presented with hemor-
rhage, 15 (29%) men and 10 (15%) women. 

Of the 118 DAVFs, 83 (70%) received multi-
modality treatment or required more than 
one surgical procedure. Preoperative emboli-
zation was performed in 48 DAVFs . Complete 
occlusion of the DAVF was achieved in 89% of 

Women Men All

No. patients 67 51 118

Location
         Transverse-sigmoid sinus
         Cavernous sinus
         Tentorium
         Torcula
         Convexity
         Foramen magnum
         Anterior fossa
         Superior sagittal sinus
         Other

n (%)
46 (69)
7 (10)
2 (3.0)
5 (7.5)
2 (3.0)
1 (1.5)

4 (6.0)

n (%)
21 (41)
6 (12)
9 (18)
2 (3.9)
5 (9.8)
2 (3.9)
2 (3.9)
1 (2.0)
3 (5.9)

n (%)
67 (56.8)
13 (11.0)
11 (9.3)
7 (5.9)
7 (5.9)
3 (2.5)
2 (1.7)
1 (0.8)
7 (5.9)

Side
         Left
         Right
         Midline

32 (48)
24 (36)
11 (16)

24 (47)
20 (39)
7 (14)

56 (47)
44 (37)
18 (15)

Borden classification (n=105)
         I
         II
         III
         not known

37 (62)
9 (15)

12 (20)
2 (3.3)

16 (36)
4 (8.9)
24 (53)
1 (2.2)

53 (50)
13 (12)
36 (34)
3 (2.9)

Hemorrhage from DAVF
         Yes
         No

10 (15)
57 (85)

15 (29)
36 (71)

25 (21)
93 (79)

Symptoms
         Bruit
         Headache
         Seizure
         Chemosis
         Hemiparesis
         Mental deterioration

46 (73)
25 (38)

4 (6)
3 (4.5)
1 (1.5)
1 (1.5)

20 (41)
15 (30)
6 (12)
4 (8.0)
6 (12)
2 (4.0)

66 (57)
40 (34)
10 (8.6)
7 (6.0)
7 (6.0)
3 (2.8)

Table�12.� Characteristics of 116 microneurosurgically treated patients with 118 DAVFs.

the cases: 87% in transverse-sigmoid sinus; 
100% in cavernous sinus, torcula, anterior 
fossa, foramen magnum and superior sagittal 
sinuses; 91% in tentorium; 86% in convexity; 
and 71% in other locations (Table 13). 

Major hemorrhagic or ischemic complications 
were seen in 14 (12%) patients. Two deaths 
were due to severe brain swelling during sur-
gery. Major bleeding (>1000ml) occurred in 
7.8% of the procedures. Of the 116 patients, 
110 (95%) had good outcome (GOS 4-5).
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5.4.1 Special considerations in 
the microneurosurgery of DAVFs

Careful analysis of the angiographic images 
and angioarchitecture of DAVF when planning 
the surgery is crucial for achieving complete 
eradication of the fistula, preserving normal 
vasculature and avoiding the pitfalls of the 
surgery. In MRA and CTA the gross anatomy 
of DAVFs can be studied, but the precise flow 
dynamics in the fistula and in the normal brain 
circulation can only be seen in DSA. Preopera-
tive embolization of the DAVF can reduce the 
bleeding during operation. 

Bleeding can also be reduced by sustaining 
moderate hypotension (systolic blood pres-
sure around 100 mmHg) during the operation. 
The patient is placed in supine, semi-sitting or 
park bench position, and always head about 
20cm above the heart level. Neuroanesthe-
siological principles are followed to gain ex-
tra room intracranially,131,183 and in the park 
bench position, lumbar drainage is placed. 

Heavy arterial bleeding from the enlarged 
extracranial feeding arteries with high flow 
through the bone into the fistula can make 
the microsurgery a great challenge already 
from the skin incision. The vessels are co-

agulated with heavy bipolar coagulation. 
Bleeding from the bone is treated by monop-
olar coagulation, fibrine glue or bone wax. 
To achieve a good control of all the fistulous 
connections, large craniotomies with 3 to 4 
burr holes are used to expose the lesion. The 
bone flap is quickly elevated and a wet cloth 
is placed over the often highly vascularized 
dura. The bleeding from the bone margins is 
managed by using the heat produced by drill-
ing the bone with a large diamond drill with-
out irrigation (“hot drilling”).

The operating microscope is used when in-
specting the dura. Bleedings are treated by 
bipolar coagulation and several tacking su-
tures are placed to prevent bleeding under 
the bone margin. In case of heavy bleeding 
from the affected sinus, Surgicel™, fibrin glue 
and muscle are packed over the sinus.

5.4.2 Transverse and sigmoid si-
nus DAVFs

5.4.2.1 Approach and positioning

Lateral suboccipital approach described by 
Hugosson and Sundt is used in the treatment 

Operation Embolization 
+operation

Operation 
+SRS

Embolization 
+operation 

+SRS

All
n�(%)

No. cases 40 72 3 3 118

Transverse-sigmoid sinus (n=67)
Cavernous sinus (n=13)
Tentorium (n=11)
Torcula (n=7)
Convexity (n=7)
Foramen magnum (n=3)
Anterior fossa (n=2)
Superior sagittal sinus (n=1)
Other (n=7)

10
6
9
2
2
1
2

4

47
5
1
5
4
2

1
1

1
2

58 (87)
13 (100)
10 (91)
7 (100)
6 (86)
3 (100)
2 (100)
1 (100)
5 (71)

All n (%) 36 (90) 66 (92) 3 (100) 0 105 (89)

Table�13.� Total occlusion rates of 118 microsurgically treated DAVFs by their location and combination of 
treatment modalities.
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of transverse-sigmoid sinus DAVFs.22,83,87,96,203 
The patient is positioned in a park bench po-
sition head elevated above the heart level 
and a lumbar drainage is applied (Figure 14). 
The head is tilted laterally to the opposite 
side, and shoulder is retracted caudally with 
tape to achieve a correct trajectory to the 
approach. To prevent compression of jugular 
veins, too heavy lateral tilt of the head should 
be avoided.

5.4.2.2 Craniotomy and dural opening

A question mark or slightly curved incision 
is placed about one inch behind the mastoid 
process (Figure 15). Enlarged occipital and 
posterior auricular arteries are coagulated 
with heavy bipolar coagulation to prevent ex-
cessive bleeding. Several (3-4) burr holes are 
placed and a large lateral suboccipital bone 
flap is removed by cutting the medial part with 
craniotome, and the lateral margin by drilling 

and cracking the bone. The lateral margin of 
the opening is further drilled as far laterally as 
possible to achieve a good visibility and con-
trol around the sigmoid sinus. If mastoid air 
cells are opened, they are meticulously sealed 

Figure�14.�Park bench position.

Figure�15.�Lateral suboccipital approach

Mastoid process
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with bone wax, fat or muscle graft and fibrin 
glue to prevent CSF leak. 

5.4.2.3 Occlusion of the fistula

The surgical strategy after the removal of the 
bone flap depends on the angioarchitecture 
of the lesion. If the sinus is open and serves 
as a major route for venous drainage, the 
feeding arteries are coagulated and cut. In 
case the sinus is occluded or non-functional, 
or there is a retrograde flow into the cortical 
veins, it is removed.37,83 The medial part of the 
sinus is ligated first. Then the lateral part of 
the sinus is resected, and the remaining part 
of the proximal sinus is packed with oxidized 
cellulose (Surgicel™, Ethicon Inc., Somerville, 
NJ) and/or muscle and ligated. The vein of 
Labbé should be preserved to prevent venous 
infarctions.

5.4.3 Cavernous sinus DAVFs

5.4.3.1 Approach and positioning

Lateral supraorbital (LSO) approach from 
the side of the lesion is used for operating on 
cavernous sinus fistulas.86,131 The patient is in 
a supine position. The head is elevated above 
the heart level, rotated 30 degrees to the con-
tralateral side and tilted slightly.
5.4.3.2 Craniotomy

After minimal shaving of the hairline, a fron-
totemporal incision extending about an inch 
above the zygomatic arch is performed (Fig-
ure 16). Only superior and anterior part of 
the temporal muscle is split to prevent late 
atrophy, and the musculocutaneous flap is el-
evated anteriorly to expose the margin of the 
orbital rim and anterior zygomatic arch. A sin-
gle burr hole is placed in the superior insertion 
of the temporal muscle and a small bone flap 
(3x5 cm) is elevated. Dura along the sphenoid 
ridge and the anterior clinoid process is sep-
arated from the bone, and the lateral part of 
the sphenoid ridge is drilled with a diamond 

drill. Medial part of the sphenoid ridge, roof 
of the optic canal and the anterior clinoid 
process are further removed by Sonopet™ 
ultrasonic aspirator.187 Thereafter, dura over 
the temporal lobe is separated from the outer 
cavernous membrane.

5.4.3.3 Occlusion of the fistula

After exposing the wall of the cavernous si-
nus, it is opened with a very small incision. 
From this opening, fibrin glue is injected with 
a blunt needle,119 and a pack of Surgicel™ is 
applied on top of it. This procedure is repeat-
ed in different points of the cavernous sinus 
wall until the fistula is completely occluded. 
During injections, extreme attention is paid 
to preserve flow in the carotid artery. To verify 
the occlusion of the fistula and the patency of 
the carotid artery, intraoperative Indocyanine 
Green Video Angiography (ICG-VA) or con-
ventional angiography is performed.

5.4.4 Tentorial DAVFs

5.4.4.1 Approach and positioning

Subtemporal or suboccipital (supracerebel-
lar-infratentorial) approaches are typically 
used to operate on the tentorial DAVFs (Fig-
ure 17). For reaching the lesions in the area 
of tentorial incisura, we prefer subtemporal 
approach rather than orbitozygomatic, pte-
rional, or extensive skullbase approaches 
presented in the literature.51,85,105-107,128,131,134 

Presigmoid approach might be preferred in 
the DAVFs at the petrous apex (Figure 18). 
DAVFs in the posterior aspect of tentorium 
are operated on by suboccipital approach in 
park bench or prone position. 

5.4.4.2 Craniotomy

In subtemporal approach, a small horse-
shoe-like incision from above the zygomatic 
arch curving posteriorly just above the ear-
lobe is placed (Figure 17). Two burr holes are 
placed, one close to the origin of zygomatic 
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Figure�16.�Lateral supraorbital approach

arch where the dura is often tightly attached 
to the bone, and another at the cranial border, 
to elevate a small bone flap. The temporobas-
al bone is drilled until the origin of the floor of 
the middle fossa to widen the craniotomy.85,131

5.4.4.3 Dural opening and occlusion of 
the fistula

The dura is opened its base caudally to expose 
the subtemporal space. The tentorial edge is 
then quickly reached and cisterns opened to 
relax the brain with minimal retraction of the 
temporal lobe. The temporal lobe is elevated 
gradually starting anteriorly from the tempo-
ral pole, and moving posteriorly. The retrac-
tion should be increased gradually. Finally, a 
rather wide retractor is placed to retain space. 
To get a better visualization to the fistulous 
site, the tentorial edge is divided posterior 
to the insertion of the IV nerve and lifted up-
wards with a small Aesculap® clip.84,85,131 The 
feeding arteries along the dura are coagulat-
ed and cut. The occlusion of the fistula can 
be verified by using intraoperative ICG-VA or 
DSA (Figure 19a and 19b).

5.4.5 Frontobasal DAVFs

5.4.5.1 Approach and positioning

Superior sagittal sinus (SSS) and frontobasal 
DAVFs are treated through the midline ap-
proach in a semi-sitting or supine position.

5.4.5.2 Craniotomy

A curved skin incision is placed behind the 
hairline, crossing the midline. Two burr holes 
are placed in the midline over SSS. The bone 
flap is cut with a craniotome extending to 
both sides of the sinus. If the frontal sinus 
opens during the approach for frontobasal 
DAVFs, the endonasal mucosa is stripped of 
and the sinus is packed with fat and covered 
with pericranium and fibrin glue.

Figure�17.�Subtemporal  approach

Figure�18.�Presigmoid approach
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5.4.5.3 Occlusion of the fistula

Frontobasal and superior sagittal sinus DAVFs 
often have feeding arteries from both sides. 
In frontobasal DAVFs, the falx is coagulated 
and divided close to crista galli to reach the 
feeders from the opposite side. In superior 

sagittal sinus DAVFs, the feeding arteries 
within the dura and draining cortical veins are 
coagulated and cut from both sides of the SSS 
and falx. Tack-up sutures are used to lift the 
dura and prevent excessive bleeding and for-
mation of epidural hematoma. Preserving the 
SSS is extremely important in the lesions of 

Figure�19.�a Right tentorial incisura DAVF was suspected in TOF MRA in a 62-year-old man suffering from 
headache after head trauma. DSA revealed a Borden type III DAVF that was fed from right ICA 
and branches of middle meningeal, occipital and posterior auricular arteries, and drained through 
cortical veins into vein of Galen and straight sinus, and into torcula.

A
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Figure�19.�b�The DAVF was operated on through a subtemporal approach. Intraoperative DSA was per-
formed in the beginning of the procedure to visualize the exact location of the fistula, and at the 
end of the procedure to verify the complete obliteration

the posterior part of the SSS because it serves 
as the major route for venous outflow of the 
cerebral hemispheres. If the DAVF is located 
in the anterior third of the SSS, the sinus can 
be resected. The dura is left open to prevent 
recurrence of the fistulous connections.

5.4.6 Pitfalls of microneurosur-
gery

The most dangerous complications of DAVF 
treatment, whether it was microsurgical or 
endovascular, are severe brain swelling and 
hemorrhagic infarction due to sudden mo-
mentaneous occlusion of the DAVF (Figure 
20). The best way to avoid these complica-
tions is to carefully study the angioarchitec-
ture and flow dynamics of the DAVF before 
treatment. Identification and preservation 
of the vein of Labbé during the microsurgery 
of the transverse and sigmoid sinus DAVFs 
is crucial. Overall, the main goals in treat-
ment are preserving normal functional vas-
culature, venous structures in particular, and 
identifying pathologic structures. To prevent 
the highly vascularized DAVFs from bleed-

ing extensively, hemostasis should be done 
carefully in every phase of the surgery. Using 
operative microscope from the early stages of 
surgery is crucial to visualize and control the 
bleeding. A slight hypotension (systolic pres-
sure 100 mmHg) is recommended during the 
surgery and 1-2 days after it to prevent post-
operative hematomas, and a postoperative 
CT scan within a couple of hours after micro-
surgery is also recommended to exclude the 
hematomas.

Surgical approaches to the anterior part of 
the tentorial incisura have potential risks, 
including injuries to the facial, acoustic and 
trochlear nerves. Other potential complica-
tions include iatrogenic cerebellar or vascu-
lar damage, infections and CSF fistula. In the 
subtemporal and lateral occipital approach 
the air cells of the temporal bone often open. 
They must be sealed carefully using fat, bone 
wax and fibrin glue, or a part of the temporal 
muscle turned over the bone and sutured to 
dura to prevent CSF leak.131

 

B
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5.4.7 Verification of complete 
occlusion

5.4.7.1 Intraoperative imaging

Indocyanine Green Video Angiography (ICG-
VA) is a helpful tool for intraoperative imag-
ing in cerebrovascular microsurgery, also in 
deep-seated DAVFs.46,45,80,182 The fistulous site 
can be detected during the opening, and the 
occlusion of the fistula can be verified intra-
operatively. This can reduce the time needed 
for surgery and the need of reoperation due 
to residual filling of the fistula, particularly in 
complex or deep-seated lesions. It is non-in-
vasive, fast, easy to use, safe, reliable and re-
peatable. Alternatively, DSA can be used,89 if 
ICG-VA does not reliably show the occlusion 
of the fistula. 

5.4.7.2 Postoperative imaging

The primary method for verification of DAVF 
occlusion postoperatively is DSA, because all 
the small feeding arteries may not show in the 
ICG-VA or CTA. In this series it was carried out 
in 106 patients. In eight DAVFs with simple 
fistulous connection and intraoperative veri-
fication of occlusion only CTA was performed 
postoperatively, and four were not verified 
postoperatively at all. Later during follow-up, 

MRA and/or TRICKS were used to verify the 
occlusion of the fistula.

Figure�20.�Large postoperative hemorrhagic infarctions (left and right) and severe brain swelling during the 
microsurgical occlusion of transverse-sigmoid sinus DAVFs.
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6 Discussion

This is the first consecutive large popula-
tion-based series to report the evolution of 
the treatment of DAVFs, from the ligation 
of feeding arteries in 1940’s to the present 
Onyx® era. Microsurgery was the treatment 
of choice in the early series, but nowadays 
it is seldom used, and only in selected cases, 
due to relatively high morbidity and mortal-
ity. Endovascular therapy and radiosurgery 
(SRS) have become more widely used, being 
effective and safe.169,170,196 Onyx® emboliza-
tion with adjuvant radiosurgery, or microsur-
gery if necessary, is the first-line treatment of 
DAVFs.31,35,65,113,136,142,162

Incidence of DAVFs

The Department of Neurosurgery in Helsin-
ki serves a population of nearly 1.8 million in 
Southern Finland and receives all the patients 
with vascular pathologies from the whole 
catchment area. In this population, the inci-
dence of DAVFs was 0.51 per 100,000 per year 
between 2001 and 2005. During the same pe-
riod of time, the incidence of brain AVMs was 
1.09. Thus DAVFs represented 32% of all de-
tected intracranial AVMs. These numbers are 
twice or three times higher than in the pre-
vious few epidemiological studies of DAVFs. 
In the study by Newton et al, commonly re-
ferred to when discussing the frequency of 
DAVFs, they represented 10-15% of all brain 
AVMs.163 Al-Shahi et al reported the detec-
tion rate of 0.16 per 100,000 per year in their 
population-based study.2 The detection rate 
of 0.15 per 100,000 per year was reported by 
Brown et al.20 In Japan, detection rate was 
higher, 0.29 per 100,000 per year.192 This is 
interesting because also the incidence of SAH 
is higher in Finland and Japan in comparison 
with other European and American popula-
tions, although the prevalence of intracranial 
aneurysms is similar to that of other coun-
tries.222,225 

Microsurgical management of DAVFs

The treatment of DAVFs is primarily aimed 
at preventing the aggressive lesions from 
bleeding and reducing intolerable symp-
toms caused by all types of DAVFs. The 
first-line treatment methods are endovas-
cular occlusion combined with radiosurgery 
if needed,21,25,48,79,95,99,114 or disconnection of 
the CVD by microsurgical or endovascular 
means.36,50,190,215  In selected cases, microsur-
gical occlusion of the fistula is still an applica-
ble treatment option.162

Prevention of bleeding

DAVFs with CVD carry rather high a risk of 
hemorrhagic presentation, especially if as-
sociated with tentorial and ethmoidal lo-
cation.5,32,79,99,127,128 Therefore they require 
prompt occlusion to prevent bleeding.1,50,190,218 
Radiosurgery is rarely the first-line option 
in their treatment.31,169,193,196,209 Particularly 
Borden type II and III DAVFs presenting with 
hemorrhage should be treated early due to 
their high risk of rebleeding.56,197 

Selective surgical disconnection of CVD as 
the treatment for DAVFs with cortical venous 
reflux to prevent aggressive course has been 
described.36,43,50,207 In the report of The Toron-
to Brain Vascular Malformation Study Group, 
surgical disconnection of the CVD was the de-
finitive treatment for all 23 patients, and there 
were no hemorrhages or worsening of neuro-
logical deficits during a 4.9-year follow-up.43 

Similar results were achieved by Liu et al. in 
23 patients treated by selective disconnection 
of CVD with no recurrences or further clinical 
events (new hemorrhages or NHNDs) during 
a 3.8-year follow-up.139 Disruption of CVD can 
also be performed by endovascular means.156 
It is practical especially in DAVFs with only a 
single cortical venous outflow. In case com-
plete obliteration of CVD is not achieved by 

6�Discussion
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endovascular means, the remaining connec-
tions should be microsurgically occluded.

Relief of intolerable symptoms

Overall, Borden type I DAVFs are objects for 
conservative management due to their be-
nign clinical course. However, 81% of the pa-
tients with Borden type I DAVFs present with 
bruit, and it is disturbing for majority of them. 
In some of the cases the very bothersome 
noise has led to despair and even attempts of 
suicide. If the patient simply does not tolerate 
the symptom, occlusion of the DAVF is justi-
fied primarily by endovascular means and/or 
radiosurgery. In absence of CVD, particulate 
transarterial embolization with or without ra-
diosurgery is a very safe and effective treat-
ment for Borden type I DAVFs of the trans-
verse and sigmoid sinus.136 Another group of 
patients that may be considered for treat-
ment are those with cavernous sinus DAVFs 
with severe exophtalmos and chemosis lead-
ing to blindness. These DAVFs require prompt 
endovascular or microsurgical occlusion.

Treatment strategy

Potential risk of intracranial hemorrhage, se-
verity of the symptoms and anatomical fea-
tures of the DAVF, as well as risks related to 
different treatment options should be consid-
ered while planning the treatment strategy 
of the DAVF. The risks and benefits should be 
outweighed individually. If the DAVF requires 
treatment, the first-line method in most cas-
es is endovascular occlusion. Most DAVFs can 
be at least partially treated by endovascu-
lar techniques. If successful occlusion is not 
achieved, the patient can receive adjuvant 
radiosurgery. The results of Onyx® emboliza-
tion seem promising, but long-term patency 
of the embolization is yet to be seen, as in 
patients treated with PVA and NBCA embo-
lization recurrences after several years have 
been detected. Radiosurgery is indicated in 
benign (Borden type I) fistulas with moderate 
symptoms and seldom in high-risk fistulas 
(Borden type II-III) refractory to endovascular 

treatment and microsurgery. The occlusion 
of the fistula occurs slowly, and for that rea-
son, it cannot be recommended as the first-
line treatment in DAVFs with a high risk of 
hemorrhage. Disconnection of CVD should be 
performed first. Microsurgical treatment of 
DAVFs has a relative high morbidity and mor-
tality, and therefore it should be used in only 
carefully selected patients resistant to other 
treatment modalities.

Based on our and other series the treatment 
of benign (Borden type I) DAVFs is indicated if 
the patient suffers from intolerable symptoms 
(bruit, exophtalmos) and the goal is complete 
occlusion. In our experience incomplete oblit-
eration of the DAVF may result in redirection 
of the flow via new fistulous connections and 
even more complex anatomy, and thereby 
induce the risk of further treatments. It may 
also lead to development of CVD and risk 
of hemorrhage. Cortical venous drainage in 
Borden type II and III DAVFs causing a high 
risk of hemorrhage is a strong indication for 
treatment. Simple disconnection of CVD 
has been recommended as the treatment of 
choice in Borden type III DAVFs but also type 
II DAVFs.43,50,139,175

Long-term excess mortality caused by 
DAVFs

In the series of 20 untreated or partially 
treated DAVFs with persistent CVD (mean 
follow-up time 4.3 yrs) by van Dijk et al., the 
hemorrhage or non-hemorrhagic neurologi-
cal deficits (NHND) were the main causes of 
mortality. In their study, six of the nine deaths 
were due to hemorrhage and three due to 
progressive neurological deterioration.218 

However, Söderman et al. detected only one 
death after hemorrhage among their group 
of 85 patients (mean follow-up time 11.7 pa-
tient-years / patient).197 Our series showed a 
tendency to excess mortality after hemor-
rhage but only during the first seven years. 
Thereafter, only one death was detected 
among patients presenting with hemorrhage. 
However, aggressive behavior of DAVFs with 
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CVD seems not to be the only cause for mor-
tality. Patients having DAVF with CVD con-
tinued to have excess mortality also after 
the first seven years. Surprisingly, success in 
DAVF occlusion did not cause any difference 
in survival.

Patients with transverse and sigmoid sinus 
DAVFs rarely present with CVD whereas in 
other locations CVD is significantly more 
frequent. This may partly explain why the 
patients with DAVFs in other locations than 
transverse and sigmoid sinus experienced 
excess mortality. Interestingly, there was no 
significant difference between the relative 
survival of men and women despite the fact 
that men have significantly more DAVFs in 
other locations and with CVD.195

Causes of death

After surviving the first year, most of the mor-
tality of the DAVF patients was due to cancer 
(10/50, 20%) and cardiovascular events (9/50, 
18%), trauma (6/50, 12%), cerebrovascular 
events (6/50, 12%) and DAVF-related caus-
es (2/50, 4%). One third (18/50, 36%) of the 
deaths were due to vascular (16/50, 32% car-
diovascular, cerebrovascular) or DAVF-relat-
ed causes. Eight (16%) were occlusive events 
(cerebral/myocardial infarction, pulmonary 
embolism). None of the patients had a known 
congenital prothrombotic disease. The num-
ber of deaths caused by vascular events was 
more than expected in the general Finnish 
population, suggesting a correlation between 
general vascular pathology and CVD due to 
unknown mechanisms.
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7 Conclusions and recommendations

The advances in diagnostic methods (DSA, 
CT, MRI) have increased the detection rate of 
DAVFs. Simultaneously, endovascular treat-
ment has improved with the major advance 
being the introduction of Onyx. The increas-
ing numbers of patients and the experience 
gained in Onyx embolization, together with 
promising results of radiosurgery have im-
proved the results of DAVF treatment and pa-
tients’ outcomes. 

During the first 12 months after diagnosis, 
patients experienced excess mortality, main-
ly caused by treatment complications. After 
surviving 12 months from the diagnosis, the 
overall survival rates of patients with DAVFs 
were similar to those of a matched general 
Finnish population. However, in patients har-
boring DAVFs with CVD, as well as in patients 
with DAVFs in locations other than transverse 
and sigmoid sinuses, continuous excess mor-
tality was observed. 

7�Conclusions�and�recommendations

7.1�The�role�of�
microneurosurgery�in�
management�of�DAVFs

Nowadays, the treatment of choice for intra-
cranial DAVFs is Onyx embolization with adju-
vant radiosurgery or microsurgery when nec-
essary. Only few lesions, mainly Borden type 
II or III DAVFs, require microneurosurgery. 
They are either simple cortical fistulas or ex-
tremely challenging deep-seated fistulas with 
multiple small feeders that cannot be treat-
ed endovascularly, and usually present with 
bleeding. The sudden occlusion of the venous 
outflow, which occurs at surgery, may result 
in bleeding, large infarction or severe brain 
swelling during or after surgery. Therefore, 
occlusion of the CVD alone to change the ag-
gressive course of Borden type II and III DAVFs 
into benign one is preferred.

Nevertheless, if endovascular treatment and 
radiosurgery have failed to occlude the fistu-
la, particularly in tentorial and ethmoidal Bor-
den type III DAVFs, microsurgical occlusion is 
justified. The treatment should be centralized 
in dedicated neurovascular centers with all 
treatment modalities available. 
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List of 6 supplementary videos on microneurosurgery of davfs

The videos are in Quick Time® format and require a Quicktime® player to be installed. The op-
erations were performed by Professor Juha Hernesniemi at the Department of Neurosurgery, 
Helsinki University Central Hospital, Finland, between 2008 and 2013.

List�of�6�supplementary�videos�on�
microneurosurgery�of�DAVFs

1. Surgery of right middle fossa DAVF through pterional approach (DAVF video 1)

2. Surgery of parietal superior sagittal sinus DAVF through midline approach (DAVF video 2)

3. Surgery of left anterior fossa DAVF through midline approach (DAVF video 3)

4. Surgery of right tentorial DAVF through suboccipital approach (DAVF video 4)

5. Surgery of right tentorial incisura DAVF through subtemporal approach (DAVF video 5)

6. Surgery of left tentoral incisura DAVF through presigmoid approach (DAVF video 6)
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