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OBJECTIVE AND IMPORTANCE: To describe the surgical resection of a giant
intracerebral arteriovenous fistula with involvement of dura mater and
surrounding bone. Intraoperative bleeding was controlled by hypother-
mic circulatory arrest.

CLINICAL PRESENTATION: This 46-year-old woman complained of persis-
tent headache for 1 year; her diagnostic workup revealed the presence of
an arteriovenous fistula in the dura mater of the left temporal region fed
by the meningeal artery of the external and internal carotid arteries, with
normal run-off into Labbé’s and Trolard’s veins. Magnetic resonance
imaging depicted a Chiari I malformation that was most likely a result of
insufficient cerebral venous drainage.

INTERVENTION: In preparation for surgery, staged embolization of feeders
from the left meningeal artery and the left occipital artery was performed
under controlled hypotension. This procedure failed to achieve a signif-
icant reduction in flow because of the immediate recruitment of internal
branches of the internal carotid artery and dural branches of the right
external carotid artery. Surgical treatment was undertaken without fur-
ther embolization. Because of involvement of surrounding bone and the
high risk of uncontrollable bleeding, the procedure was carried out with
the patient under deep hypothermic cardiopulmonary bypass. Forty-five
minutes of low flow (1.5 L/min) at 18°C allowed total resection of the
involved dura mater and surrounding bone. Postoperative recovery was
marked by left brain edema that disappeared within 10 days. Findings on
follow-up angiography were normal, and the patient was discharged with
no neurological deficit.

CONCLUSION: Low-flow deep hypothermic cardiopulmonary bypass can
be used to control intraoperative bleeding for surgical excision of a giant
intracerebral dural arteriovenous fistula.
(Neurosurgery 48:1381–1385, 2001)
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Avariety of modalities have been pro-
posed for the management of a du-

ral arteriovenous fistula (DAVF). In a
recent review of the English literature,
Lucas et al. (6) described indications and
outcomes with the use of different mo-
dalities regarding function of localiza-
tion. For DAVFs with extensive feeders,
combined embolization and surgery is
often necessary to avoid a recurrence
because of further recruitment. Surgical
coagulation (or excision) of the shunt
and venous drainage achieve a perma-
nent cure. This report describes a pa-
tient in whom a giant DAVF involving
the cranial base in the left temporal
fossa was treated by embolization and
surgical removal. Because of the un-
usual location and vascularization of the
lesion, cardiopulmonary bypass was
used to help with surgical removal.

CASE REPORT

A 46-year-old right-handed woman
was referred to our institution for treat-
ment of an osteodural vascular malfor-
mation located in the left temporal
fossa. The patient had complained of
left temporal headaches for 1 year.
Physical examination revealed moder-
ate left proptosis. Visual field and acuity
were normal. An ophthalmoscopic ex-
amination disclosed no papilledema.
The patient’s cardiac examination was
normal. Cardiac output was not mea-
sured before endovascular treatment.
Magnetic resonance imaging (MRI) dis-
closed tortuous dilation of the superfi-
cial veins, a highly enhanced area in the
dura of the left temporal fossa, and left-
to-right parenchymal displacement (Fig.
1A). A Chiari I malformation was also
visualized (Fig. 1B). Cerebral angiogra-
phy depicted a left temporobasal arte-
riovenous fistula ascending the vault
and corresponding to the enhanced area
disclosed by MRI. The fistula was fed
mainly by the left middle meningeal ar-
tery and was also supplied by menin-
geal branches of the right occipital ar-
tery, the right and left anterior and
posterior meningeal arteries, and the
left internal carotid artery. No feeding
from the parenchymal branches of the
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internal carotid artery or the vertebral
artery was observed. Angiography also
visualized a large aneurysm measuring
1 cm in diameter and 2 cm in length at
the level of the foramen spinosum. Ve-
nous drainage was via meningeal veins
and a huge reflux into cortical veins
draining first into Labbé’s and Trolard’s
veins and then into the dural sinuses in
an antegrade direction (Fig. 2). Contrast
injection into the internal carotid arter-
ies revealed delayed and poor venous

drainage of the brain. Computed tomo-
graphic scanning disclosed bone erosion
of the inner table of the left calvaria
close to the malformation. The outer ta-
ble was intact. A bone defect in relation
to the aneurysm of the foramen spino-
sum was visualized (Fig. 3). In view of
the cortical drainage of this fistula and
the high-grade cortical venous steal re-
sulting in poor venous drainage of the
brain, staged embolization in prepara-
tion for surgical resection was planned.

In the first procedure, distal emboli-
zation of the middle meningeal artery
was performed with cyanoacrylate glue
(Histoacryl; B. Braun Melsungen AB,
Melsungen, Germany) with the patient
under general anesthesia and controlled
hypotension. The left superficial tempo-
ral artery and left occipital artery dural
feeders were also occluded with glue. In
the same procedure, the large aneurysm
of the middle meningeal artery at the
level of the foramen spinosum was oc-
cluded with the use of detachable me-
chanical platinum coils. Postemboliza-
tion angiograms showed very little
reduction in flow through the fistula,
which continued to be fed by the ante-
rior and posterior meningeal artery, the
meningeal branches of the internal ca-
rotid artery, and branches of the con-
tralateral middle meningeal artery. The
patient’s headaches persisted, and no
change was observed in parenchymal
displacement or venous drainage. Be-
cause of persistent shunting, prompt re-
growth of small meningeal shunt feed-
ers seemed likely. In addition, increased
flow in the internal carotid artery after
the initial procedure was predictive that
further embolization of the external ca-
rotid artery would fail (Fig. 4).

We decided to undertake surgical
treatment without further embolization.

FIGURE 1. Pre-
operative T1-weighted
MRI scans. A, coronal
scan with diethylene-
triamine penta-acetic
acid gadolinium
showing tortuous dila-
tion of the superficial
veins, a highly en-
hanced dural area of
the left temporal

fossa, left-to-right parenchymal displacement, and the presence of an aneurysm close
to the cavernous sinus at the base of the temporal fossa. B, sagittal scan showing a
Chiari I malformation most likely acquired because of poor venous drainage.

FIGURE 2. Pre-
operative angiograms.
A, lateral view in the
early phase after con-
trast injection into the
left external carotid
artery showing a large
aneurysmal dilation at
the level of the fora-
men spinosum (ar-
row) and a dural fis-
tula fed by all
branches of the men-
ingeal arteries. B, lat-
eral view in the ve-
nous phase after
contrast injection into
the left external ca-
rotid artery showing
venous drainage via
meningeal veins but
also via a huge reflux
into cortical veins.
Drainage was mainly
into Labbé’s and Tro-

lard’s veins and then into the dural sinuses in an antegrade direction. C, frontal view
of the right external carotid artery showing a feeder crossing the midline from the
right meningeal artery. D, lateral view of the left internal carotid artery showing feed-
ers coming from meningeal branches of the internal carotid artery. The single arrow
indicates the ethmoidal artery, and the double arrow indicates Bernarsconi’s artery.

FIGURE 3. Computed tomographic
scan in bone window showing bone
erosion of the inner table of the left
calvaria close to the malformation. The
“defect” corresponds to enlargement of
the foramen spinosum at the level of
aneurysmal dilation of the left middle
meningeal artery (arrow).
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Because of the high risk of uncontrolled
intraoperative bleeding, operative plan-
ning included low-flow deep hypother-
mic cardiopulmonary bypass in collab-
oration with the cardiothoracic surgery
team. Preoperative pulmonary artery
catheterization revealed mildly elevated
cardiac output (6 L/min). No aortic in-
sufficiency, atrial or ventricular hyper-
trophy, or other valvulopathy was ob-
served. Based on these findings, a
femorofemoral bypass was performed.
A detailed description of the technique
and team coordination is available in an
article describing a series of eight pa-
tients operated on for complex aneu-
rysm in our center (7). Flow rate was
maintained at 1.5 L/min, and body tem-
perature was kept at 16.5°C. Blood loss
was high but controlled. The use of a
blood salvage system compatible with
neurosurgery (Cell Saver 5 Autologous
Blood Recovery System; Haemonetics
Corp., Braintree, MA) permitted recov-
ery and transfusion of 3.6 L of autolo-
gous blood (2). The 45-minute duration
of bypass was sufficient to perform cra-
niotomy and excision of the dura
around the malformation. There was no
adherence between the brain, the fistula,
and venous drainage. The major drain-
ing vein was coagulated and divided
proximal to its junction with Trolard’s
and Labbé’s veins. Forty-five seconds of
circulatory arrest was needed to allow
inspection at the base of the aneurysm
and additional coagulation of arterial
feeders at this level. The large dural de-
fect was replaced with Durapath (Ethi-
con, Issy-les-Moulineaux, France). Bone

plasty was not performed during the
same procedure.

Immediate postoperative computed
tomographic scanning disclosed left
temporal edema. A postoperative neu-
rological examination revealed mild
aphasia that resolved within 10 days.
The patient was released from the inten-
sive care unit 9 days after the operation.
Angiography performed 16 days after
the procedure disclosed few tortuous
meningeal arteries without shunting.
Venous drainage of the brain was satis-
factory (Fig. 5). Postoperative MRI on

Day 20 revealed a decrease in parenchy-
mal shifting and improvement in the
Chiari I malformation (Fig. 6). Cranio-
plasty with copolymer of methyl-
methacrylate was performed on postop-
erative Day 35. The patient was
discharged from the hospital on postop-
erative Day 45 with no neurological def-
icit and with normal visual field. Car-
diac output measured immediately
before discharge was 5 L/min. A histo-
logical examination of the surgical spec-
imen disclosed large vascular channels
consistent with a DAVF. An arterio-
venous malformation with a nidus was
not observed, although it should be
noted that the specimen was exten-
sively coagulated during the surgical
procedure.

DISCUSSION

The current classification of DAVF
groups lesions according to type of
drainage (3). In Type I, the DAVF drains
directly into a sinus or a meningeal vein
in a normal flow direction. In Type II,
the DAVF presents sinus drainage ac-
companied by reflux into cortical veins
or into another sinus. In Type III, the
DAVF is characterized by direct drain-
age into a cortical vein with retrograde

FIGURE 4. Post-
embolization angio-
grams with lateral
views of the left ex-
ternal carotid artery
(A) and the left inter-
nal carotid artery (B).
High-flow shunting
persisted despite coil
embolization of the
aneurysmal dilation of
the middle meningeal
artery (arrow in A)

and cyanoacrylate glue embolization of other meningeal branches of the left middle
meningeal artery. Increased flow in the dural branches of the left internal carotid ar-
tery was also noted.

FIGURE 5. Post-
operative angiograms.
A, lateral view of the
left external carotid
artery. B, frontal view
of left external carotid
artery. These views
confirm disappear-
ance of the shunt. C,
view of the left inter-
nal carotid artery af-
ter contrast injection
in the arterial phase.
D, view of the left
internal carotid artery
after contrast injec-
tion in the venous
phase. The disappear-
ance of the shunt is
confirmed, and nor-
mal venous drainage
not visible on preop-

erative cortical and venous sinus views is shown. Labbé’s and Trolard’s veins are not
visible on these views, most likely because of postoperative thrombosis resulting from
a dramatic decrease in flow.
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flow. In Type IV, the DAVF involves
drainage into a dural venous lake that
may be expansive.

Because all arterial feeders were is-
sued from meningeal vessels, the lesion
described in this article can be assumed
to be a dural-seated shunt. However, it
presented several features that pre-
vented standard classification. In this
patient, drainage into cortical veins was
direct, but the flow was antegrade. An-
other unusual aspect of the case was the
association of an arterial feeder with an-
eurysmal dilation. Two explanations
can be proposed for these unusual fea-
tures. The first is that the fistula was at
an early stage of development in a loca-
tion close to the dural penetration of a
sylvian vein in the sphenoparietal sinus.
These veins are frequently identified
close to the tip of the lesser sphenoid
wing during dissection of the sylvian
fissure in a standard pterional ap-
proach. The absence of encasement of
the cavernous sinus in the venous drain-
age could be explained by thrombosis of
the sphenoparietal sinus. Sinus throm-
bosis is a possible explanation of the
formation of a DAVF (4). According to
this hypothesis, our case could be asso-
ciated with a Type III DAVF. The sec-
ond possible explanation for the un-
usual features observed in our case
could be that the lesion described here
was not a DAVF but rather a dural ar-
teriovenous malformation; however,
this hypothesis is not supported by the
histological findings in which no mal-
formed nidus was seen. The second hy-
pothesis is consistent with displacement

of the dura mater and extensive involve-
ment of the cranium.

Therapeutic management of dural ar-
teriovenous malformations is challeng-
ing. A range of modalities can be pro-
posed, depending on the location and
pattern of vascularization (6). Successful
surgical treatment of two large paren-
chymal arteriovenous fistulae was re-
cently described with low-flow cardio-
pulmonary bypass (1, 8). Similar success
has been reported with the use of car-
diopulmonary bypass with deep hypo-
thermia for complex or giant aneurysms
(especially of the posterior circulation),
hemangioblastomas, glomus jugular tu-
mors, and ischemic disease (5, 7, 9, 11).

In our patient, staged transarterial
embolization of the DAVF was at-
tempted as a means of reducing blood
flow. This approach was quickly aban-
doned because the endovascular proce-
dure failed to achieve a significant re-
duction in flow and was followed by an
immediate increase of flow in the men-
ingeal branches of the internal carotid
artery. This suggested that further em-
bolization not only would fail to control
surgical bleeding but also would in-
crease the complexity of the fistula by
fostering recruitment of new feeding ar-
teries. Another reason for abandoning
staged embolization was the ischemic
risk associated with occlusion of menin-
geal feeders from the internal carotid
artery. In any case, embolization al-
lowed occlusion of the large aneurysm
in the middle meningeal artery. Because
this lesion presented in an irregular
dome shape and was not directly acces-
sible, clipping would have prolonged
surgical time and increased blood loss
dramatically.

Cardiopulmonary bypass with deep
hypothermic protection seemed to be
the best solution for controlling opera-
tive blood loss. In a large review includ-
ing 62 circulatory arrest procedures,
Lawton et al. (5) underlined the impor-
tance of the duration of circulatory ar-
rest but found no statistical correlation
between this parameter and outcome. In
many situations, complete circulatory
arrest is unnecessary. In this regard, a
recent study by van der Linden (10) sug-
gested that cerebral metabolism and en-
ergy state were better after low-flow
than after no-flow bypass. Moreover, re-

duced but persistent flow allows better
identification of small vessels and more
thorough coagulation. This reduces in-
traoperative bleeding and facilitates he-
mostasis at the end of the procedure.

Transient temporal lobe edema and
aphasia in the present case were related
more to venous drainage disorders than
to surgical injury. Prompt resolution of
these complications can be attributed to
elimination of venous steal and the re-
establishment of proper venous drain-
age of the left temporal lobe. The dra-
matic decrease in arterial flow observed
in cortical veins (Trolard’s and Labbé’s
veins) after surgery can explain the de-
layed thrombosis of these veins. Normal
drainage via these thrombosed veins
was not significant.

CONCLUSION

This case is the first one to describe the
surgical management of a giant osteo-
dural arteriovenous fistula. Preoperative
embolization did not achieve sufficient
occlusion of some arterial feeders to en-
sure control of intraoperative bleeding.
Low-flow cardiopulmonary bypass was
necessary to reduce flow in the fistula and
to allow surgical resection. This experi-
ence emphasizes the need for a multidis-
ciplinary approach for these complex fis-
tulae that includes cooperation with
cardiothoracic surgeons.
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COMMENTS

In this report of a successful treat-
ment of a massive dural arteriovenous
fistula (DAVF), the authors wisely pre-
dicted that, even after embolization,
bleeding at the time of craniotomy
could have been catastrophic had they
not used cardiopulmonary bypass. It is
well known that several deaths oc-
curred in the early days of surgical re-
section of these massive fistulae.

Apparently, this fistula drained
mostly into a single venous connection
with the leptomeningeal venous system.
Knowing this, I am sure that the authors
entertained the notion of treating the
fistula with progressive embolization
and, when the flow was low enough,
doing nothing more than occlude the
vein connected to the leptomeningeal
venous system. We know that this is
curative in patients in whom the only
venous drainage is in fact a single ve-

nous connection to the leptomeningeal
system. This situation is particularly
common with fistulae in the area of the
superior petrosal sinus and the tentorial
edge, and I have treated close to a dozen
of these fistulae by simple interruption
of the single venous drainage. It is clear
that the case presented here had multi-
ple other venous channels into the dura
and also into scalp veins; it is therefore
not likely that this fistula would have
been cured by interruption of the lepto-
meningeal venous connection. How-
ever, it is quite likely that the neurolog-
ical symptoms, including brain
swelling, would have resolved with this
simple maneuver. The problem, of
course, would be how to get to the vein
without performing a craniotomy and
incurring the danger of massive bleed-
ing. Could this venous connection have
been occluded endovascularly by retro-
grade venous catheterization? The au-
thors decided on a more radical course
and attempted a cure, which they
achieved with only temporary morbid-
ity. I believe that this was a good deci-
sion, and I probably would have done
the same in this particular case.

I agree with the authors that the most
likely explanation for the temporary
neurological deterioration was retro-
grade venous thrombosis. We all have
found this occasionally in cases of both
dural fistula and brain arteriovenous
malformations when there is an abrupt
interruption by surgery or sometimes
even by embolization of the arterial in-
flow into the veins. This patient was
fortunate to have recovered promptly
from this problem which, at times, can
lead to major permanent deficits. The
authors used a thoughtful and success-
ful approach in treating this patient.

Roberto C. Heros
Miami, Florida

This case report describes a patient in
whom the authors used low-flow hypo-
thermic circulatory bypass to success-
fully treat a giant intracranial DAVF.
We too have found circulatory bypass to
be beneficial in treating complex dural

and parenchymal vascular malforma-
tions (1). This case report emphasizes
that complex cranial base DAVFs typi-
cally require multimodal approaches for
successful treatment, including detailed
preoperative angiography, preoperative
embolization, complex intraoperative
surgical techniques such as low-flow
hypothermia, and quite possibly post-
operative stereotactic radiation for re-
sidual unobliterated fistulae or malfor-
mations. Accordingly, these complex
vascular lesions need to be approached
from a multispecialty perspective com-
mencing at the initial evaluation of the
patient.

Fredric B. Meyer
Rochester, Minnesota

1. Meyer FB, Grady RE, Abel MD, Nichols DA,
Caminha SS, Robb RA, Bates LM: Resection of a
large temporooccipital parenchymal arterio-
venous fistula by using deep hypothermic circu-
latory bypass: Case report. J Neurosurg 87:934–
939, 1997.

The authors describe the use of low-
flow deep hypothermic cardiopulmo-
nary bypass as an adjunct to reduce
blood loss in the resection of a complex
DAVF. Preoperative embolization is
usually sufficient for the management of
these lesions. However, the authors
have brought to our attention a case in
which cardiopulmonary bypass was of
benefit. They appropriately highlight
that blood loss can be considerable dur-
ing resection of these lesions, even with
the use of these adjunct techniques. The
authors also emphasize the potential for
neurological deficits (transient in this
case) as a result of venous thrombosis. It
is interesting that the Chiari malforma-
tion improved in this patient, which
suggests that venous outflow obstruc-
tion may be a common etiology for ar-
teriovenous fistulae and some Chiari
malformations.

Sam Javedan
Michael Horgan
Robert F. Spetzler
Phoenix, Arizona

Cardiopulmonary Bypass for Giant Dural Arteriovenous Fistula 1385

Neurosurgery, Vol. 48, No. 6, June 2001


