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Acquired Pial Arteriovenous Fistula Following
Cerebral Vein Thrombosis

Constantine C. Phatouros, MBBS, FRACR; Van V. Halbach, MD; Christopher F. Dowd, MD;
Todd E. Lempert, MD; Adel M. Malek, MD, PhD; Philip M. Meyers, MD; Randall T. Higashida, MD

Background—We report a unique case of an acquired pial arteriovenous fistula occurring after an asymptomatic
thrombosis of a superficial cerebral vein.

Case Description—A cerebral angiogram performed in a 51-year-old man with subarachnoid hemorrhage revealed a
10-mm ruptured anterior communicating artery aneurysm and a thrombosed left superficial middle cerebral vein. Coil
embolization of the anterior communicating aneurysm was performed. Follow-up angiography 18 months later revealed
a new, asymptomatic, pial arteriovenous fistula between the previously thrombosed left superficial middle cerebral vein
and a small sylvian branch of the left middle cerebral artery.

Conclusions—This case provides evidence that pial arteriovenous fistulas may develop as acquired lesions and furthermore
may rarely follow cerebral vein thrombosis. Several cases of dural arteriovenous fistulas, as well as a single case of a
mixed pial-dural arteriovenous fistula, occurring after dural sinus thrombosis have been reported previously. However,
to our knowledge, this is the first report of an acquired pial arteriovenous fistula following a cerebral vein thrombosis.
(Stroke. 1999;30:2487-2490.)
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Fistulas occurring between pial arteries and cortical veins
are almost always congenital in etiology. The vast ma-

jority occur within the niduses of pial arteriovenous malfor-
mations. Isolated pial arteriovenous fistulas are rare congen-
ital lesions, usually presenting during infancy or early
childhood, that may occur sporadically or may be associated
with hereditary vasculopathies such as Rendu-Osler-Weber
disease.1 Acquired fistulas between pial arteries and cortical
veins are very rare. We report for the first time an acquired
pial arteriovenous fistula occurring after a cortical vein
thrombosis.

Case Report
A 51-year-old man with hypertension and chronic obstructive
pulmonary disease presented with a 3-day history of sudden
onset of severe bitemporal headache and nausea. Physical
examination revealed mild meningismus without any neuro-
logical deficit (Hunt and Hess grade 1). A CT scan demon-
strated subarachnoid hemorrhage with blood in the anterior
interhemispheric fissure and both lateral and sylvian fissures
(CT Fisher grade 1). Ventricular size was normal. Diagnostic
cerebral angiography revealed a 10-mm- diameter anterior
communicating artery aneurysm arising at the left A1/2
junction and a 2-mm-diameter right middle cerebral artery
bifurcation aneurysm. Endovascular occlusion of the anterior
communicating artery aneurysm was performed with the use

of 6 electrolytically detachable coils. After coil embolization,
a small, nonocclusive embolus straddling the left middle
cerebral artery bifurcation was noted. Full systemic hepa-
rinization was continued until the following day, when a
diagnostic cerebral angiogram demonstrated resolution of this
embolus. The patient remained neurologically intact through-
out and was discharged home on postoperative day 7. The
patient did not undergo a craniotomy or insertion of an
intracranial pressure monitor or ventricular drain.

Follow-up angiography performed 18 months later (Fig-
ures 1 through 3) revealed mild coil compaction within the
anterior communicating aneurysm and unchanged appear-
ances of the unruptured, small, right middle cerebral artery
aneurysm. There was a new left sylvian fissure arteriovenous
pial fistula. Arterial supply was from a small sylvian branch
of the left middle cerebral artery with venous drainage into
the left superficial middle cerebral vein. Selective injection of
the left external carotid artery demonstrated a coexistent
low-flow dural arteriovenous fistula at the junction of the left
vein of Labbéwith the left transverse sinus. Arterial supply to
the dural arteriovenous fistula was via a small posterior
branch of the anterior division of the left middle meningeal
artery. Retrospective analysis of the previous arteriogram
showed nonopacification of the left superficial middle cere-
bral vein and left vein of Labbe´ during the late venous phase
compatible with thrombosis. No dural arteriovenous fistula
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was identified on the previous arteriogram; however, a
selective left external carotid artery injection was not per-
formed. Therefore, the presence of a small, unrecognized,
preexistent left dural arteriovenous fistula cannot be entirely
excluded.

In view of the low-risk nature of both the pial and dural
arteriovenous fistulas, no endovascular or surgical treatment

was performed. Attempted coil embolization of the small
anterior communicating artery remnant was not technically
possible.

Discussion
The unusual observation reported in this case is the develop-
ment of a fistula between a previously thrombosed cerebral
vein and a small cerebral artery. Newton and Cronqvist2

classified intracranial arteriovenous malformations into 3
categories on the basis of their arterial supply: pial, dural, and
mixed pial-dural. Pial arteriovenous malformations receive
arterial supply from the cerebral and cerebellar arteries and
usually drain into cerebral or cerebellar veins. Since a discrete
nidus was not present in this lesion, the most accurate
angiographic description is a pial arteriovenous fistula. Ac-
quired pial arteriovenous fistulas are rare lesions in any event.
However, we are not aware of a previous clinical report
documenting an etiological association between cerebral vein
thrombosis and pial arteriovenous fistula. Numerous clinical
reports have documented the development of dural arterio-
venous fistulas occurring in association with or after dural
sinus thrombosis.3–19Venous hypertension occurring second-
ary to sinus thrombosis is believed to represent the primary
responsible mechanism. Experimentally induced venous hy-
pertension without thrombosis has been shown to produce
dural arteriovenous fistulas in rats.20,21 Venous hypertension
may foster the growth of microscopic arteriovenous shunts
found within the vasa vasorum of the normal pachymeninges
and/or may stimulate the release of angiogenic factors.22–25

Figure 1. Top left and right and bottom
left, Lateral views of 18-month follow-up
left internal carotid angiogram showing
early opacification of the left superficial
middle cerebral vein compatible with a
new pial arteriovenous fistula. Venous
drainage is into the left vein of Labbé. A
focal stenosis is present between the left
vein of Labbé and the transverse sinus
(arrow). Bottom right, Lateral view of the
original left internal carotid angiogram
during the late venous phase showing
nonopacification of the left superficial
middle cerebral vein and vein of Labbé
compatible with thrombosis. Note the
presence of a left frontal vein that ends
abruptly at its junction with the throm-
bosed left superficial middle cerebral
vein at the left sylvian fissure (arrow).

Figure 2. Anteroposterior view of 18-month follow-up left inter-
nal carotid angiogram showing a small sylvian branch of the left
middle cerebral artery supplying the pial arteriovenous fistula
(arrow).
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Ozawa et al26 recently reported a case of a pial arterio-
venous malformation with dural supply occurring after an
episode of dural sinus thrombosis. In their case, dural sinus
thrombosis resulted in a remote, pial arteriovenous malfor-
mation with meningeal arterial supply. The authors postulated
that obliteration of the connections between the cortical veins
and dural sinuses occurred as a result of retrograde thrombus
propagation and that consequent elevated cortical venous
pressures from impaired venous drainage subsequently led to
the development of a pial arteriovenous malformation. As
noted by the authors, very few reports have definitively
documented the de novo development of a pial arteriovenous
malformation on the basis of a previously negative cerebral
angiogram—only 4 in our review.27–30However, in 2 of these
reports the pial arteriovenous malformation may have been
preexistent but unrecognized on initial angiography because
of a synchronous dural arteriovenous malformation27 or an
acute intraparenchymal hematoma.28

Our patient suffered a small subarachnoid hemorrhage (CT
Fisher grade 1), the CT blood pattern of which was compat-
ible with a ruptured anterior communicating artery aneurysm.
The initial cerebral angiogram demonstrating occlusion of the
left superficial middle cerebral vein was performed 3 days
after ictus. Therefore, the subarachnoid hemorrhage likely
played an inconsequential role in the pathogenesis of both the
cerebral vein thrombosis and the subsequent pial arterio-
venous fistula. Importantly, no surgical craniotomy or inser-
tion of a ventricular drain was performed.

A coexistent remote dural arteriovenous fistula at the
junction of the left vein of Labbe´ and the transverse sinus was
also present on the follow-up cerebral angiogram. Indeed, the
original cerebral angiogram had demonstrated thrombosis of
the left superficial middle cerebral vein and its draining
tributary, the left vein of Labbe´ Therefore, it is possible that
this dural arteriovenous fistula also developed as a conse-
quence of the cerebral vein thrombosis. A left common
carotid injection performed on the original angiogram, which
satisfactorily opacified the left middle meningeal artery, did
not demonstrate evidence of a dural arteriovenous fistula.
However, since a selective left external carotid injection was
not performed at that time, the possibility that this dural
arteriovenous fistula was preexistent, although unlikely, can-
not be completely excluded.
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