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Case Report

Dural arteriovenous fistulas (DAVF) are acquired vascular
malformations involving the dural venous sinuses [1]. Man-
agement and treatment of these lesions is complex, and of-
ten guided by the presence of cortical venous reflux (CVR)
[2]. Although benign fistulas (without CVR) may progress
to more aggressive fistulas at a rate of approximately 1%
per year, and 10% of fistulas may spontaneously resolve,
we are not aware of any previous report of fluctuation in
CVR due to hemodynamic changes [2].

The patient was a 61-year-old male who presented with
partial seizures with secondary generalization and pulsatile
tinnitus. He was found to have an superior sagittal sinus
(SSS) dural arteriovenous fistula (DAVF) with cortical ve-
nous reflux (CVR) (Fig. 1). Because of the presence of
CVR and the patient’s neurologic symptoms, the decision
was made to treat the lesion. During the treatment pro-
cedure, there was lack of distal access to the fistula, and
transarterial embolization was not thought to be feasible
because a dysfunctional segment of the SSS could not be
clearly defined for venous sacrifice. Thus, surgical discon-
nection was performed. Although this procedure initially
seemed to be successful based on intraoperative angiogra-
phy, the patient returned for the 6-month angiogram with
recurrent pulsatile tinnitus and had significant recanaliza-
tion of the fistula. At this time, there was bilateral CVR
in multiple veins along a segment of the SSS (Fig. 2). At
the time of this diagnostic angiogram, the patient’s systolic
blood pressure ranged from 150–160mmHg. Because of
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what was now interpreted to be a clearly dysfunctional seg-
ment of the sinus, the decision was made to sacrifice that
segment. At the time of the treatment angiogram (approxi-
mately 3 weeks later), the patient was relatively hypotensive
under anesthesia with the systolic blood pressure ranging
from 80–100mmHg. The angiogram revealed no sign of
cortical reflux. The veins which were refluxing from the
external carotid artery injection during the diagnostic an-
giogram were now draining anterograde into the sinus from
the internal carotid injection (Fig. 2).

Because of this new finding, no dysfunctional segment
could be defined, so transarterial embolization through
a middle meningeal branch was attempted. This resulted
in successful filling of a parallel channel in the SSS.
The remainder of that channel was occluded with coils
transvenously to the level of the first normal draining vein,
resulting in angiographic cure (Fig. 3).

The patient remained neurologically intact and was dis-
charged home the next day. A 6-month angiogram showed
no sign of recurrence.

Discussion

Due to their benign natural history, most cases without CVR
are managed conservatively [3]. When CVR is present,
a yearly mortality of 10.4% has been reported with an-
nual hemorrhage risk of 8.1% and neurologic deficit risk of
6.9% [2]; however, in asymptomatic cases even with CVR,
the yearly hemorrhage rate may be a low as 1.4–1.5% ac-
cording to more recent data [3].

This is the first reported case of reversal of CVR with
changes in blood pressure. The authors are aware of one
other case of a patient treated with venous sinus stenting
which resulted in resolution of outflow obstruction and re-
versal of CVR as expected [4] but we believe our case to be
a very different mechanism. A mechanism of spontaneously
resolving outflow obstruction or stenosis seems unlikely
due to the lack of observed angioarchitectural changes and
the short time between diagnostic angiogram and treatment.
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Fig. 1 Imaging of the fistula at presentation. a Coronal noncontrasted T1 weighted image showing multiple flow voids in the region of the superior
sagittal sinus (arrowheads). b Lateral angiogram in late arterial phase of the right common carotid artery showing an extensive network of vessels
from the external branches draining into the region of the superior sagittal sinus with extensive shunting into the sinus consistent with dural
arteriovenous fistula. c Anterioposterior projection of right external carotid angiogram in late arterial phase. Clear reflux into a large cortical vein
on the left is noted (arrows)

Fig. 2 Reversal of reflux with changes in blood pressure. Top row: right external carotid artery (ECA) lateral angiogram from arterial (left) through
venous phases (right). There is retrograde filling into several cortical veins from the posterior superior sagittal sinus (arrows). The dotted arrow
points out the direction of filling of a prominent parietal vein. Second row: right internal carotid artery (ICA) lateral angiogram, again showing
early arterial through venous phases. The veins noted in the above injection are not seen due to the reflux from the external carotid. Third row: right
ECA lateral angiogram as above but now with lower systolic blood pressure (SBP) during anesthesia. The previously noted parietal vein reflux is
not seen (arrow). Bottom row: right ICA lateral angiogram as above at lower blood pressure, now with normal venous drainage through the same
parietal vein as previously seen on the external injection (arrow). The dotted arrow shows the direction of filling in the vein which is now reversed
(normal)
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Fig. 3 Final post-treatment
result. a Onyx cast (in black)
is seen filling the middle
meningeal artery and the fis-
tula. There was a long parallel
channel to the fistula (narrow ar-
rows) and only a relatively short
segment of the superior sagit-
tal sinus involved in the fistula
(wide arrows). Note that there
is some overlap. b, c Right com-
mon carotid injection, lateral
projection demonstrating angio-
graphic cure of the fistula with
no early venous drainage. d Ve-
nous phase of the right common
carotid injection, demonstrating
preservation of the large parietal
vein, with normal drainage pat-
tern (dotted arrows). Note also
that the superior sagittal sinus is
draining normally anterior and
posterior to the area of occlusion
(black arrows)

Another potential mechanism could be related to distal
blood flow differences in the internal and external carotid
systems due to intracranial autoregulation.

A hemodynamic explanation is likely. When blood flows
at a volumetric rate (Q) through a vessel with an approx-
imately circular local cross-section of diameter (D), flow
is described by the Reynolds number (Re= 4Q/πνD), where
ν is the kinematic viscosity of the blood. At low values
of Re, the fluid flow through a network of vessels is lam-
inar. In cases where there are changes in the cross-section
of the vessel and/or branching, a flow rate increase may
lead to an abrupt change in the flow structure. One pos-
sible change is formation of recirculating vortices near an
expansion/contraction, which would effectively obstruct the
flow through the branch where the vortices form. This phe-
nomenon has been observed in abdominal aortic aneurysms
at 100<Re< 300 and some cases of fistulas [5, 6]. In this
case, the Reynolds number is estimated within this range,
while the geometry of fistulous vessels certainly manifest
considerable complexity so it may be a reasonable expla-
nation that at higher pressure, recirculation zones form and

obstruct the normal drainage causing CVR, compared to
laminar flow at lower pressure.

The optimal treatment is complete angiographic obliter-
ation of the fistula whether by transarterial, transvenous, or
combined routes; however, some authors have argued that
selective disconnection of the refluxing veins may be an ef-
fective strategy, especially in particularly complex fistulas
[1, 7–10]. This current case may introduce some uncertainty
in this approach, since it is possible that refluxing veins are
not a static problem. This may be particularly relevant at the
proximal and distal borders of the fistula where there may
be fluctuations between reflux and normal drainage that are
dependent on overall blood pressure. This case supports the
standard approach of direct occlusion of the fistula when
possible compared to selective venous disconnection.
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