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Abstract

Moyamoya angiopathy (MMA) is an idio-
pathic, progressive intracranial occlusive vas-
culopathy leading to formation of abnormal
vascular network of collaterals. Dural arterio-
venous fistula (DAVF) has been rarely reported
to co-exist with MMA. A paucity of literature
has limited the elucidation of the pathophysi-
ological association between the two condi-
tions. It may be hypothesized that a chronic
cerebral ischemic state in MMA and subse-
quent angiogenesis leading to the formation of
collaterals might lead to the formation of
DAVFE. At present, there are no definite guide-
lines for treatment of DAVF in MMA. However,
it may be reasonable to practice conservative
management with close follow-up in case of
asymptomatic DAVF or those without cerebral
venous drainage, while high grade DAVF may
be subjected to endovascular or open surgery
to prevent future intracranial hemorrhage.
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14.1 Introduction

Moyamoya angiopathy (MMA) is a chronic pro-
gressive occlusive intracranial vasculopathy
characterized by angiographic findings of steno-
sis or occlusion at the terminal portion of the
internal carotid artery (ICA) or proximal anterior
cerebral artery (ACA) and/or middle cerebral
artery (MCA) together with the abnormal vascu-
lar network (classically appears to be like “puff
of smoke”) at the base of the brain [1, 2]. It can
present with wide array of transient and fixed
neurological manifestations and is a frequently
overlooked cause of stroke [3—-5]. MMA has been
reported with various vascular malformations
like intracranial aneurysms, arterio-venous mal-
formations and primitive carotid-basilar anasto-
mosis. Dural arteriovenous fistula (DAVF) is
intra-cranial condition characterized by abnor-
mal connections between meningeal arteries and
dural venous sinuses, meningeal veins or cortical
veins [6]. Both MMA and DAVF have extremely
rare occurrence and their co-existence have only
been uncommonly reported [6—12].

14.2 Pathophysiology

The pathogenesis of MMA is yet to be fully elu-
cidated. Both genetic and inflammatory factors
have been implicated. Adult DAVF is generally
an acquired lesion [13—16]. Dural sinus thrombo-
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sis or stenosis has been known play a pivotal role
in the pathogenesis of DAVF. Besides, trauma,
craniotomy or treatment of another DAVF has
also been reported to be associated with forma-
tion of DAVF [6, 9].

Because the co-occurrence of MMA and
DAVF is quite rare, a robust research related to
the exact etio-pathogenetic connection between
the two conditions is lacking. The proposed
hypothesis is open-ended, wherein MMA can
lead to the formation of DAVF and vice-versa
[6, 12].

MMA is a chronic vaso-occlusive condition
where a persistent cerebral ischemia is inevitable
[1]. This contributes to release of pro-angiogenic
factors like basic fibroblast growth factor (bFGF),
vascular endothelial growth factor, transforming
growth factor B-1, hepatocyte growth factor,
intracellular adhesion molecules, matrix metal-
loproteinases and hypoxia-inducing factor la. It
has been seen that this pro-angiogenic factors
especially bFGF and vascular endothelial growth
factor are elevated in the dura of both MMA and
DAVE. It can be contemplated that this increased
pro-angiogenic factors contribute to the angio-
genesis, leading to formation of Moyamoya col-
laterals as well as formation of DAVF [6, 9—-12].

Furthermore, cases of DAVF formation fol-
lowing revascularization surgery (especially
extracranial-intracranial bypass) in MMA has
been seen. It is not unusual that the cortical veins
near the bypass graft may have intra-operative
traumatic affection, thus, entertaining the
possibility of an iatrogenic basis of DAVF in
MMA [6, 9, 11]. Liu et al. [9] and Feroze et al.
[11] described a similar situation wherein DAVF
developed following the revascularization sur-
gery for MMA.

As an extrapolation, it may also be postulated
that MMA initiation and progression secondary
to DAVF may occur as a consequence to increased
turbulence proximal to DAVF, often in the distal
ICA causing accentuated intimal hyperplasia and
progressive occlusive changes of MMA [10, 12,
17]. While in three of the previously reported
seven cases, MMA and DAVF were detected

simultaneously, in rest four cases, DAVF was
detected later to the diagnosis of MMA. Thus, the
plausibility of the mechanism of chronic isch-
emia of MMA precluding the DAVF formation
seems more [6—12].

Another theory suggests that head trauma,
known to herald both DAVF and MMA, may lead
to altered angiogenesis within the dura and sub-
sequent sinus venous thrombosis and DAVF. This
is supported by the case described by Zaletel
et al., wherein DAVF and MMA were detected
simultaneously following a history of head injury
several years ago [12].

14.3 Management

MMA is a progressive disease with recurrent
cerebrovascular events and progressive cognitive
decline and merits revascularization surgery
aimed at improving cerebral blood supply [1, 18].
There are no clear guidelines on the management
of concomitant MMA and DAVEF, and must be
individualized depending on the clinical presen-
tation and invasiveness [6]. While an asymptom-
atic DAVF and those without cortical venous
drainage may be managed conservatively with a
close follow-up, a high-grade DAVF should be
managed aggressively through endovascular
route or open surgery. DAVF with cortical venous
drainage is a risk factor for future hemorrhagic
events and deserves to be intervened (Fig. 14.1)
[6]. Another consideration that the treating neu-
rologist needs to be mindful of while intervening
DAVF in the background of MMA with revascu-
larization surgery is that the integrity of the
bypass graft might get compromised during fis-
tula disconnection by transarterial glue emboliza-
tion or microsurgery [11]. While four of the seven
reported cases underwent conservative manage-
ment for DAVF [6, 8, 11, 12], three were inter-
vened due to severe clinical symptomatology or
higher Cognard classification, two of them
underwent transvenous embolization and one
underwent both transarterial and subsequent
transvenous embolization [7, 9, 10].
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Fig. 14.1 A case of a Borden type-III and Cognard type-
III DAVFs involving the transverse sinus co-existed with
MMA (arrow in panel a). The shunt was obliterated with
Onyx injection (arrows in panel ¢). (a) Preoperative the
left external carotid angiogram. (b) Postoperative carotid

14.4 Conclusion

MMA can rarely be associated with DAVF dur-
ing various stages of its disease course. Chronic
cerebral ischemia and subsequent angiogenesis
might be the missing link between the two condi-
tions. Management of DAVF in the background
greatly depends on the symptomatology and
invasiveness.
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