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5 Results

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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