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Introduction

Dural arteriovenous fistulas (DAVFs) are abnormal neuro-

Abstract

A dural arteriovenous fistula (DAVF) is defined as an anastomosis
between meningeal arteries and dural venous sinuses or cortical veins.
Intracranially, these pathological dural-based shunts account for 10-
15% of all intracranial malformations. Complications associated with
DAVFs include dural sinus thrombosis, venous hypertension, previ-
ous craniotomy, and trauma. Many associated DAVFs lesions are idio-
pathic. Diagnosis of DAVFs requires a high degree of clinical suspicion
and contrast-enhanced magnetic resonance angiography or structural
magnetic resonance imaging. Digital Subtraction Angiography (DSA) is
considered the gold-standard diagnosis for DAVFs. Treatment is driven
by the patient’s clinical status and includes conservative management,
transarterial or transvenous embolization, and surgical interventions
(microsurgery) which are deemed more invasive. Here we present a
79-year-old female who presented with persistent altered mental sta-
tus requiring hospitalization after becoming unresponsive to verbal
stimuli.
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Although the exact pathogenesis of DAVFs has not been de-
finitively elucidated, proposed mechanisms include re-opening
pre-existing physiologic arteriovenous shunts in response to lo-

vascular connections between arterial vessels and one or more
dural or cortical venous structures within the central nervous
system. Because these lesions involve the dura, they can occur
both intracranially and along the spinal cord. In the literature,
various terms are used to describe these lesions with DAVF and
Dural Arteriovenous Malformation (DAVM) used somewhat
synonymously despite the technical variations in their defini-
tions. In contrast to the term fistula, which denotes abnormal
arterial to venous connections, the term malformation often
indicates congenital etiology from irregular differentiation of fe-
tal vasculature, rather than acquired etiology which is often the
case for DAVFs [1-4]. For this reason, we will refrain from using
the term DAVM in this report.

cal venous pressure changes and angiogenesis in response to
venous hypertension due to outflow obstruction. Consistent
with the acquired nature of many DAVFs, important risk factors
for the development of these lesions include cranial trauma,
sinus thrombosis, conditions that predispose individuals to
thromboses, and incomplete embolization of DAVFs [5-9]. The
commonality among these risk factors includes a change in ve-
nous drainage and thus pressures which are thought to contrib-
ute to DAVF development.

Regardless, these entities comprise approximately 10-15% of
all arteriovenous lesions with an estimated population preva-
lence of approximately 10.3 per 100,000 people [1,2]. DAVFs
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have an extremely variable clinical course owing to the variabil-
ity in their location and venous drainage patterns, the latter of
which is an important prognostic factor [3,4]. When evaluating
a patient with aggressive neurologic features, one should con-
sider vascular lesions as an etiology and have a low threshold
for advanced neuroimaging. When an arteriovenous fistulous
process is suspected, imaging studies including magnetic reso-
nance imaging with venous studies in addition to conventional
arterial angiographic studies are recommended to evaluate ve-
nous drainage patterns and grade the pathology for manage-
ment decisions.

Case description

A 79-year-old female with a past medical history of hyper-
tension, irritable bowel syndrome, and peptic ulcer disease pre-
sented to the emergency department with a two-month history
of altered mental status, memory difficulty, ataxia, and bradyki-
nesia. Her symptoms resulted in a ground-level fall during which
she struck her head but did not lose consciousness. Following
this fall, she had persistent altered mental status and became
unresponsive to verbal stimuli, which prompted hospitalization.

On presentation, the patient was hypertensive to 173/90
with vital signs otherwise within normal limits. On examination,
the patient was disoriented and noncommunicative although
she moved her extremities voluntarily and followed motor com-
mands. Motor strength in the right upper and lower extremities
was 3/5 with normal left-sided strength. Initial emergency room
management included stabilization and work-up to include non-
contrast CT scan, CT angiography of the head and neck, MRI
of the brain with stroke protocol, CMP, CBC, cardiac enzymes,
and sepsis workup. Initial non-contrast CT did not demonstrate
any pathology. CT-angiogram of the head demonstrated a large
posterior communicating artery on the right which predomi-
nantly supplied the right posterior cerebral artery. The right P1
segment was hypoplastic and the left posterior communicating
artery was markedly hypoplastic. There were also engorged
venous structures within the frontal and temporal sulci bilater-
ally, prepontine cistern, and perimesencephalic cisterns (Figure
1). Of note, there was also diminished contrast enhancement
of the transverse and sigmoid dural venous sinuses (Figure 2).
Acute coronary syndrome and sepsis workup were unrevealing.
The patient was admitted to the hospital for further neurologic
evaluation.

Figure 1: Contrast-enhanced CT angiogram of the head in axial
view. There is a large right PCOM that predominantly supplies the
posterior cerebral artery. There is hypoplasticity of the left PCOM
and the right P1 segment. There are multiple engorged venous
structures within the frontal and temporal sulci bilaterally.
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Figure 2: Contrast-enhanced CT angiogram of the head in the sag-
ittal view. There is diminished contrast enhancement within the
\\transverse and sigmoid dural venous sinuses. j

-

Figure 3: Magnetic resonance venography 2D time-of-flight of the
head. The right transverse sinus is hypoplastic with a decreased
\\venous flow indicating outflow obstruction. Y

Shortly after admission, the patient experienced several epi-
sodes of apparent tonic-clonic seizures that resulted in respira-
tory decompensation necessitating intubation. The patient was
loaded and maintained on antiepileptic drugs and the work-up
became focused on identifying the etiology of both her seizures
and subacute encephalopathy in the prior two months. Work-
up was negative for infectious, autoimmune, paraneoplastic,
and epileptic etiology of her seizures. After alternate causes of
encephalopathy had been excluded, imaging studies including
Magnetic-Resonance Venography (MR-V) and Digital Subtrac-
tion Angiography (DSA) were obtained.

The MR-V was somewhat suboptimal due to encephalo-
pathic symptoms of the patient during imaging causing a mo-
tion degraded exam. MR-V did demonstrate demonstrated hy-
poplasticity of the right transverse sinus with decreased flow
within bilateral sigmoid sinuses and jugular veins (Figure 3). Of
note, there was normal postcontrast enhancement which indi-
cated slowing of venous flow through the right transverse and
ethmoid sinuses. There was also diminished flow-related en-
hancement of the straight sinus with minimal enhancement on
postcontrast imaging. Numerous tortuous vessels were noted
bilaterally along the course of the bilateral middle cerebral ar-
teries and extending into the Sylvian fissures and posteriorly to
the margins of the cerebellum (Figure 4). There was concomi-
tant punctate subacute infarct of the right cerebellum (Figure
5).

Digital subtraction angiography demonstrated a DAVF with
multiple right external carotid artery feeders that appeared to
fistulize near the midline torcula posteriorly (Figure 6). A sec-
ondary fistula was also noted external to the sigmoid junction
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Figure 4: Magnetic resonance venography 2D sine phase (PC) of
the head. In 2D PC sequences, there are numerous tortuous ves-
sels bilaterally along the course of the bilateral middle cerebral ar-
teries which extend into the bilateral Sylvian fissures and into the

\\margins of the cerebellum.
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Figure 5: MRI with T2/FLAIR sequences of the head. There is a sub-

acute infarction of the right cerebellum indicated by a punctate T2

hyperintensity.
.

J

and the suboccipital plexus. Arteriography on the left demon-
strated feeder vessels from the left middle meningeal, posterior
auricular branch of the occipital, and ascending pharyngeal ar-
teries. There was also an additional fistula at the superior sagit-
tal sinus and in the area of the retromastoid. Of note, venous
reflux was appreciated at the level of the straight sinus.

In conjunction with the diagnostic component of the an-
giography, the patient underwent a two-stage embolization
procedure of the arterial feeder vessels with the left occipi-
tal artery being embolized from the external carotid first. The
middle meningeal, posterior auricular, and ascending pharyn-
geal arterial feeders were embolized during the second stage.
Both procedures utilized Onyx liquid embolization material (eV3
Neurovascular, Irvine, CA, USA). There was successful occlusion
of the DAVF with the procedure and the patient subsequently
recovered consciousness, followed commands appropriately,
and was oriented to time and place.

Discussion

The patient demonstrated congestive encephalopathy sec-
ondary to DAVF in the setting of chronic nonocclusive dural ve-
nous sinus thrombosis of the right transverse sinus. Congestive
encephalopathy is a known complication of chronic DAVF relat-
ed to chronic venous hypertension and cortical venous reflux.
When venous hypertension causes upstream cerebral edema
and ischemia the lesion can cause encephalopathic symptoms,
a clinical entity aptly described as venous congestive encepha-
lopathy (VCE). Imaging findings consistent with this complica-
tion include the presence of DAVF with diffuse flow voids, ve-
nous congestion, and cortical venous reflux, all of which were
seen on advanced imaging in this patient [5].

When considering the management of DAVFs, one must con-
sider the grading models which attempt to use the lesion mor-

tegrade blood flow through the branches of the external carotid
artery branches which demonstrate a DAVF at the torcular region
with predominant vascular feeders from the middle meningeal
and occipital arteries. There is extensive delayed clearing through
the capillary phase which suggests increased superficial cerebral
and cortical venous drainage pattern through the superior sagittal
sinus. Notably, there is an absence of visualization of the basilar
battery, left vertebral artery, bilateral sigmoid sinus, bilateral jugu-
\\Iar vein, inferior sagittal sinus, and straight sinus. )

phology to risk-stratify and inform clinical decision-making. The
most commonly used clinical classification systems include the
Borden and Cognard systems of classification [4,5].

The Cognard system of DAVF classification can be delineated
as such: type | lesions demonstrate dural venous sinus drainage
with normal anterograde venous flow, type lla lesions demon-
strate dural venous sinus drainage with retrograde venous flow
in the dural sinus alone, type Ilb demonstrate dural venous si-
nus drainage with retrograde venous flow in the cortical veins
only, type lla+b demonstrate dural venous sinus drainage and
retrograde venous flow in both the dural sinuses and cortical
veins, type lll demonstrate cortical venous drainage without
ectasia of the draining vessels, type IV demonstrate cortical ve-
nous drainage with ectasia of draining vessels, and finally type V
showing spinal medullary vessel drainage. Of note, the authors
of this initial classification system defined ectasia as greater
than five-millimeter diameter and three times larger in diam-
eter than draining veins [5].

In contrast to the Cognard system, the Borden DAVF clas-
sification system is simpler and uses three classes that can be
delineated as such: Type 1 lesions demonstrate one or more
fistulas between a meningeal artery and dural venous sinus or
vein, type 2 lesions demonstrate one or more fistulous connec-
tions between meningeal arteries that drain into the dural sinus
with retrograde subarachnoid venous flow and/or spinal DAVFs
that drain into the epidural venous plexus and/or perimedul-
lary veins and type 3 lesions draining directly into subarachnoid
veins. These types are further subclassified into A and B sub-
types with the former having a single fistula and the latter hav-
ing multiple fistulas [4].

The common patterns in these classification systems are
that a greater degree of cortical venous drainage, retrograde
flow, and cerebral venous burden/ectasia have a direct corre-
lation with more aggressive neurologic features such as signs
of increased intracranial pressure (nausea, vomiting, headache,
papilledema), seizures, intracranial hemorrhage, encephalopa-
thy, and ascending myelopathy (if spinal DAVF) [4,5].

To illustrate the importance of recognizing Cortical Venous
Reflux (CVR) on imaging, van Dijk et al reviewed long-term se-
guelae associated with cortical venous reflux in patients with
DAVFs. In this study, 118 high-grade DAVFs (Borden 2-3 & Cog-
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nard Ilb-IV) with CVR were offered treatment, and in those who
declined or had persistent evidence of cortical venous reflux
(a total of 20 patients), the investigators followed their clinical
course. The authors found the following complication rates over
a mean follow-up of 4.3 years: 7 patients (35%) had intracranial
hemorrhage 6 who died as a result, 6 patients (30%) suffered
Non-Hemorrhagic Neurologic Deficits (NNHDs) 4 who experi-
enced venous congestive encephalopathy presenting with a
dementia-like syndrome [6]. In the case outlined above, venous
reflux was demonstrated in the straight sinus which was likely
related to chronic nonocclusive venous thrombosis and resul-
tant DAVF which resulted in the NNHD of dementia-like syn-
drome similar to van Dijk et al’s study cohort.

If we are to use the above-mentioned systems of classifica-
tion, the patient’s lesion would be graded as Cognard Il/Borden
1. Although the lesion could have been higher in grade, it is ap-
parent that she presented with a more aggressive course with
non-hemorrhagic neurologic deficits including encephalopathy
and seizures. This highlights an important concept in the evalu-
ation of DAVFs: One must consider the lesion grade in the con-
text of the patient-specific scenario. Cognard et al specifically
discussed the necessity of determining if normal dural venous
sinus structures are intact in evaluating lesions (particularly
low-grade) as vascular anomalies concomitant with acquired
DAVFs may have more aggressive courses [6]. Our case is de-
monstrative of this fact, in that the patient had a known hypo-
plastic right transverse sinus which means the grading systems
could underestimate the risk in this patient. Ultimately, her le-
sion grade, anatomic anomaly, aggressive neurologic course,
and presence of CVR were all poor prognostic factors that out-
weighed the procedural risk of staged embolization.

Although benign DAVFs which are asymptomatic and with-
out CVR may be monitored with serial imaging and/or treated
with manual arterial compression maneuvers, higher-grade le-
sions with worrisome clinical or radiologic features are often
treated with staged embolization procedures [3,7]. The emboli-
zation approach depends largely on the location and morpholo-
gy of the lesion. For example, cavernous DAVF are often treated
with a transvenous embolization whereas transverse and sig-
moid DAVFs are often embolized via a transarterial approach
[8]. With respect to treatment goals, attempts should be made
to completely embolize the DAVF as incomplete embolization
does not completely eliminate hemorrhagic risk. That being
said, lesions with extensive CVR or wide fistulous connections
may not be amenable to complete embolization and thus treat-
ment becomes focused on reducing hemorrhagic risk, venous
congestion, and symptomatology [9,10].

Conclusions

In summary, DAVFs are often acquired lesions related to an-
giogenesis in the setting of abnormal arteriovenous cerebral
outflow. Cortical venous reflux is an important contributing fac-
tor with greater degrees of reflux and upstream venous conges-
tion contributing to a more aggressive neurologic course. When
suspected, MR-venography and digital subtraction angiography
are recommended to grade the lesion and guide management.
Low-grade lesions which are asymptomatic and without cortical
venous reflux, retrograde flow, or burdensome vascular ectasia

can be safely monitored via serial imaging. Higher-grade lesions
which are symptomatic and/or have CVR, retrograde flow, or
vascular ectasia warrant intervention with a goal of complete
occlusion, usually by staged embolization procedures. When
complete embolization is not possible, partial embolization may
be performed to reduce symptoms and the risk of complica-
tions. If allowed to persist without embolization, these lesions
carry significant morbidity and mortality related to both hemor-
rhagic and non-hemorrhagic neurologic consequences.
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