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ORIGINAL RESEARCH
INTERVENTIONAL

Dural Arteriovenous Fistulas of the Foramen Magnum
Region: Clinical Features and Angioarchitectural Phenotypes

M.T. Caton, K.H. Narsinh, A. Baker, C.F. Dowd, R.T. Higashida, D.L. Cooke, S.W. Hetts, V.V. Halbach, and
M.R. Amans

ABSTRACT

BACKGROUND AND PURPOSE: AVFs of the foramen magnum region, including fistulas of the marginal sinus and condylar veins, have
complex arterial supply, venous drainage, symptoms, and risk features that are not well-defined. The purpose of this study was to pres-
ent the angioarchitectural and clinical phenotypes of a foramen magnum region AVF from a large, single-center experience.

MATERIALS AND METHODS: We retrospectively reviewed cases from a 10-year neurointerventional data base. Arterial and venous
angioarchitectural features and clinical presentation were extracted from the medical record. Venous drainage patterns were strati-
fied into 4 groups as follows: type 1 ¼ unrestricted sinus drainage, type 2 ¼ sinus reflux (including the inferior petrosal sinus), type
3¼ reflux involving sinuses and cortical veins, and type 4 = restricted cortical vein outflow or perimedullary congestion.

RESULTS: Twenty-eight patients (mean age, 57.9 years; 57.1% men) had 29 foramen magnum region AVFs. There were 11 (37.9%) type
1, nine (31.0%) type 2, six (20.7%) type 3, and 3 (10.3%) type 4 fistulas. Pulsatile tinnitus was the most frequent symptom (82.1%), fol-
lowed by orbital symptoms (31.0%), subarachnoid hemorrhage (13.8%), cranial nerve XII palsy (10.3%), and other cranial nerve palsy
(6.9%). The most frequent arterial supply was the ipsilateral ascending pharyngeal artery (93.1% ipsilateral, 55.5% contralateral), verte-
bral artery (89.7%), occipital artery (65.5%), and internal carotid artery branches (48.3%).

CONCLUSIONS:We present the largest case series of foramen magnum region AVFs to date and show that clinical features relate
to angioarchitecture. Orbital symptoms are frequent when sinus reflux is present. Hemorrhage was only observed in type 3 and 4
fistulas.

ABBREVIATIONS: FMR ¼ foramen magnum region; IJV ¼ internal jugular vein

Dural AVFs of the foramen magnum region (FMR) comprise
a rare subgroup of intracranial arteriovenous shunts occur-

ring at the marginal sinus and condylar veins.1 These FMR AVFs
are thought to represent between 1.5% and 4.2% of cranial shunt-
ing lesions.2,3 These lesions are anatomically complex, owing to
the functional and anatomic variability of venous drainage at the
craniocervical junction.4-6 The marginal sinus is an inconstant

ringlike intradural sinus along the rim of the foramen magnum

and is frequently undetectable on noninvasive imaging in normal

physiologic states.7 The marginal sinus communicates with a net-

work of venous channels, including the condylar veins (anterior,

posterior, and lateral), the condylar confluence, and the inferior

petrosal sinus, serving to redirect blood flow between the parallel

venous egress pathways of the jugular vein and vertebral venous

plexus (Fig 1). As a consequence, pressurization of this FMR ve-

nous network can manifest with a spectrum of symptoms ranging

from pulsatile tinnitus to myelopathy. Retrograde pressurization

of the cavernous sinus via the inferior petrosal sinus may also

generate orbital chemosis and extraorbital muscle palsies that

may masquerade as carotid cavernous fistulas.8

An FMRAVF at high risk of hemorrhage or causing debilitating

symptoms can be treated endovascularly with low morbidity.1 Both

transvenous and transarterial approaches have been described.9-12

Successful treatment of FMR AVFs demands rigorous preparation

and knowledge of both the arterial supply and venous drainage pat-

terns to achieve a durable cure and avoid nontarget embolization.

Received January 10, 2021; accepted after revision February 26.

From the Department of Radiology and Biomedical Imaging, Interventional
Neuroradiology Section, University of California, San Francisco, San Francisco,
California.

This work was supported by National Heart Lung-Blood Institute of the National
Institutes of Health under award No. R56 HL149124-01.

Paper previously presented, in part, at: Annual Meeting of the American Society of
Neuroradiology, May 22–26, 2021; virtual.

Please address correspondence to M. Travis Caton Jr, MD, University of California,
San Francisco, 505 Parnassus Ave, Room L349, San Francisco, CA 94143; e-mail:
michael.caton2@ucsf.edu; @traviscaton

Indicates open access to non-subscribers at www.ajnr.org

Indicates article with online supplemental data.

http://dx.doi.org/10.3174/ajnr.A7152

1486 Caton Aug 2021 www.ajnr.org

https://orcid.org/0000-0003-1581-7702
https://orcid.org/0000-0002-2019-5461
https://orcid.org/0000-0002-0291-707X
https://orcid.org/0000-0003-2267-4244
https://orcid.org/0000-0002-8863-2656
https://orcid.org/0000-0002-3694-413X
https://orcid.org/0000-0001-5885-7259
https://orcid.org/0000-0001-7138-2307
https://orcid.org/0000-0002-8209-0534
mailto:michael.caton2@ucsf.edu
https://mobile.twitter.com/traviscaton
http://dx.doi.org/10.3174/ajnr.A7152


However, as with other classes of AVF, observation is appropriate

for low-risk lesions.13 Therefore, knowledge of the holistic structure
and behavior of the shunt, including comprehensive evaluation of

the arterial and venous anatomy of the fistula, is essential for treat-
ment planning and complication avoidance.

McDougall et al1 at the University of California, San Francisco
proposed a grading system for FMR AVF, classifying shunts by
their pattern of venous drainage. In this model, low-risk shunts
(grade I) have unrestricted antegrade drainage via the internal jug-
ular vein (IJV) system, whereas intermediate (grade II) lesions
show partial or restricted IJV outflow. High-risk shunts (grade III)
drain exclusively via superficial venous channels. Spittau et al14

proposed a modification to this taxonomy based on the dominant
pattern of drainage, type 1: dominant antegrade flow (jugular or
vertebral venous plexus), type 2: dominant retrograde flow (petro-
sal!cavernous), and type 3: dominant pial/perimedullary reflux.
Because the current neuroendovascular literature is confined to
small case reports and series, the validity of these proposed angio-
graphic-clinical relationships is uncertain.

The purpose of this study was to elucidate the relationship
between vascular angioarchitecture and clinical presentation
by retrospectively evaluating a large single-institution case
series.

MATERIALS AND METHODS
Data Acquisition
The neurointerventional data base of a single, large, tertiary hos-
pital (University of California, San Francisco) was retrospectively
reviewed between January 2010 and November 2020 under an
institutional review board–approved protocol in which informed
consent was waived. Search inclusion criteria were confined to
patients who underwent conventional angiography at our hospi-
tal and who were diagnosed with fistulas of the marginal sinus,
condylar veins (anterior, lateral, posterior, and condylar conflu-
ence), or foramen magnum during the prespecified time interval.
Inclusion mandated complete angiography including selective
DSA of the bilateral internal and external carotid arteries and
bilateral subclavian arteries including the deep and ascending cer-
vical branches, and dedicated angiography of the posterior fossa
(vertebral artery injection). Cases in which the original angio-
graphic diagnosis was equivocal or discordant with intraoperative

FIG 1. Venous anatomy of the FMR from above. The marginal sinus
(MS) lines the margin the foramen magnum and connects to the basi-
lar plexus (BP) anteriorly, the anterior condylar vein (ACV) laterally via
the hypoglossal canal (HGC), and the suboccipital cavernous sinus
inferiorly (not shown). The anterior condylar vein (AVC) connects
with the anterior condylar confluence (ACC), which, in turn, commu-
nicates with the inferior petrosal sinus (IPS) and inferior petroclival
vein (IPCV) and posteriorly with the lateral condylar vein (LCV), and
the jugular bulb and internal jugular vein (JB/IJV). The posterior condy-
lar (emissary) vein (PCV) exits via the posterior condylar canal (PCC).

FIG 2. Modified grading system for FMR-AVFs shown in 4 patients having undergone lateral occipital artery (OA) injection DSA. Type 1 shows
unrestricted drainage via the IJV (curved arrow) without reflux. Type 2 shows both antegrade drainage (curved arrow) and sinus reflux (dashed
arrow, inferior petrosal sinus). Type 3 lesions are differentiated by the presence of cortical venous reflux, in this case, pontine perforating veins
(black arrow) in addition to sinus drainage (white arrow). Type 4 lesions have restricted, exclusive drainage via cortical veins (arrowheads) with-
out a coexisting sinus drainage pathway.
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findings were reviewed by an experienced neurointerventionalist
(M.R.A.) and were excluded if a shunt of the FMR was not defi-
nitely identified. Patients with angiographic work-up at other
hospitals were excluded.

Demographic characteristics including clinical presentation
were extracted from the clinical and procedural notes. For this
purpose, we defined “orbital symptoms” as including exophthal-
mos, chemosis, episcleral venous engorgement, or extraorbital
muscle palsy. Each cerebral angiogram was reviewed to gather ar-
terial feeder vessels and venous drainage patterns. Fistulas were
subclassified as marginal sinus, anterior condylar vein, posterior
condylar vein, or lateral condylar vein on the basis of the venous
location of the shunt. Venous drainage was classified according to
a modified version of the McDougall grading system: type
1¼ unrestricted sinus drainage, type 2¼ sinus reflux (including in-
ferior petrosal sinus), type 3¼ reflux involving sinuses and cortical

veins, and type 4¼ restricted cortical vein outflow or perimedullary
congestion (Fig 2). All values are reported as mean (SD).

Statistical comparison of symptom prevalence between groups
was performed using a 2-tailed Fisher exact test, and comparison
of mean arterial feeder numbers across groups was performed
using the Kruskal-Wallis test, with P values , .05 considered
significant.

RESULTS
Retrospective review of neuroangiographic reports obtained
between January 2010 and November 2020 initially identified 36
patients with a possible FMR AVF. We excluded 8 patients: Of
these, 2 were patients initially treated outside the prespecified
time interval, 1 patient’s final diagnosis was a small medullary ar-
teriovenous malformation confirmed on resection, and 5 patients
with possible FMR AVF were excluded after review by the senior
author (M.R.A.) due to the uncertainty of the fistulous site or
incomplete angiographic characterization after review of DSA
images. We, therefore, included 28 patients with 29 FMR AVFs
in the final analysis (1 patient had 2 discrete fistulas involving the
marginal sinus and lateral condylar vein). The mean patient age
was 57.9 (SD, 15.2) years, and 57.1% of patients were men.

Venous Drainage Patterns, Risk Stratification, and
Clinical Presentation
The most common fistulous sites were the marginal sinus (21/29,
72.4%), anterior condylar vein, (4/29, 13.8%), posterior condylar
vein (2/29, 6.9%), and lateral condylar vein (2/29, 6.9%). Using the
modified University of California, San Francisco criteria (Fig 2),
we classified 11/29 (37.9%) FMR AVFs as type one, 9/29 (31.0%)
as type two, 6/29 (20.7%) as type 3, and 3/29 (10.3%) as type 4. The
most frequent clinical symptoms among all patients included pul-
satile tinnitus (82.8%) and orbital symptoms (27.6%). Less frequent
clinical presentations included subarachnoid hemorrhage (10.3%),
hypoglossal nerve palsy (6.9%), trigeminal nerve palsy (6.9%), and
myelopathy (3.4%). One patient in this series (1/29, 3.4%) was
asymptomatically diagnosed during routine angiographic follow-
up of a resected AVM. Headache was common in all groups, with
an overall prevalence of 48.3%, increasing in frequency at higher
venous angioarchitectural types, ranging from 27.3% of patients
(type 1) to 66.7% (type 4).

The relationship of clinical presentation to venous angioarchi-
tectural risk type is summarized in the Table. Orbital symptoms
were present in 40% of cases associated with some degree of ve-
nous sinus reflux (type 2 or 3) compared with 9.1% of patients
with intact antegrade sinus drainage, though this difference was
not significant (P¼ .13). Hypoglossal palsy was seen in 2/9
(22.2%) cases of type 2 FMR AVF as was trigeminal nerve palsy

Venous drainage patterns in FMR AVF

Venous Angioarchitectural
Type

Clinical Presentation (% of Cases)
Pulsatile Tinnitus and/or

Bruit
Orbital

Symptoms
CN XII
Palsy Myelopathy Hemorrhage Headache

Type 1 (n¼ 11) 90.9% 9.1% 0.0% 0.0% 0.0% 27.3%
Type 2 (n¼ 9) 100.0% 44.4% 22.2% 0.0% 0.0% 44.4%
Type 3 (n¼ 6) 66.7% 33.3% 0.0% 0.0% 16.7% 50.0%
Type 4 (n¼ 3) 33.3% 33.3% 0.0% 33.3% 66.7% 66.7%

FIG 3. Arterial anatomy of a typical type 1 FMR AVF. TOF-MRA (A) of
the skull base shows abnormal flow-related enhancement in the right
hypoglossal canal, corresponding to a fistula (asterisk). Arterial supply
from the contralateral ascending pharyngeal artery (hypoglossal
branch) crosses the foramen magnum and drains via the IJV. Relative
anatomy: an anterior-posterior DSA with injection of the left ascend-
ing pharyngeal artery (B) shows hypertrophied arterial channels (dou-
ble-sided arrow). Lateral DSA of the right ICA (C) shows supply to the
fistula (asterisk) from the meningohyposphyseal trunk (MHT). D,
Lateral DSA of the right vertebral artery (V3) shows direct contribu-
tion to fistula (asterisk) and drainage via the IJV. NMT indicates neuro-
meningeal trunk; MS, marginal sinus.
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(2/9, 22.2%). Hemorrhage was seen exclusively in FMR AVFs
with cortical vein reflux (type 3 or 4). One patient with a type 4
FMR AVF presented with cervical myelopathy.

Arterial Supply
The overall mean number of arterial feeders per fistula was 5.7
(SD, 3.00). The frequency of each arterial feeder is summarized in
the Online Supplemental Data, and an illustrative example of a
type 1 lesion is shown in Fig 3. Eighteen of 29 (62.1%) FMR
AVFs derived supply from at least 1 contralateral artery. Arterial
feeders present in.50% of all patients with FMR AVF included
the ipsilateral ascending pharyngeal artery (93.1%), ipsilateral
vertebral artery (89.7%), ipsilateral occipital artery 65.5%, and
contralateral ascending pharyngeal artery (55.2%). Other fre-
quent arterial feeders included the meningohypophyseal and
inferolateral trunks of the internal carotid artery (48.3% ipsilat-
eral and 31.0% contralateral), ipsilateral middle meningeal artery
(31.0%), posterior auricular artery (31.0%), and contralateral ver-
tebral artery (28.6%). There was no significant difference in the
number of arterial feeders by venous risk group (P= .18): The
mean number of feeders for type 1 was 5.6 (SD, 3.4), type two,
6.8 (SD, 2.1), type three, 6.2 (SD, 3.1), and type four, 2.3 (SD,
1.5). The fraction of cases with at least 1 contralateral arterial

feeder was 63.6% for type one, 77.8% for type two, 50.0% for type
3, and 33.0% for type 4.

DISCUSSION
This study represents the largest series of FMR AVFs to date and
clarifies the behavior of this uncommon form of intracranial shunt,
revealing 4 distinct clinical-angiographic phenotypes. FMR AVFs
were under-represented in previous studies, for example, compris-
ing only 1.5% of cases in the cohort from which the Cognard clas-
sification was derived.2 This study, therefore, builds on prior
work1,3,14 by establishing a classification system specific to FMR
AVF, incorporating both risk and symptoms toward appropriate
therapy selection.

McDougall et al1 were the first to systematically describe fis-
tulas of the marginal sinus in a series of 14 patients. They
defined 3 clinical phenotypes based on the restriction of jugular
outflow and the presence of cortical venous reflux. More
recently, Choi et al3 described 10 fistulas of the hypoglossal
canal (anterior condylar vein), noting that orbital symptoms
and myelopathy were present only in cases with restriction of
antegrade sinus outflow, extending the notion that clinical pre-
sentation is a manifestation of venous drainage and therefore an
overall risk. In a case series and in a systematic review of 120
cases of FMR AVF (115/120, 95.8% from the literature), Spittau
et al14 modified the McDougall taxonomy on the basis of clinical
phenotypes, emphasizing the dominant pattern of venous drain-
age: 1¼ antegrade sinus, 2¼ retrograde sinus with or without
antegrade drainage/cortical venous reflux, and 3¼ dominant
cortical venous or perimedullary reflux. They showed that this
angiographic classification schema corresponds well with clini-
cal manifestations. However, due to inclusion of a subjective
element (dominance) and lack of primary angiographic data
in .90% of included cases, the reproducibility and generaliz-
ability of this scale are uncertain. In addition, the Spittau criteria
do not differentiate the binary presence or absence of cortical
venous reflux, a feature that has important implications for
hemorrhagic risk and mortality.15,16 We, therefore, differenti-
ated type 2 (60%) and 3 lesions (40%) on the basis of the pres-
ence of cortical venous reflux despite a similar prevalence of
orbital symptoms (44.3% versus 33.3%, P¼ 1.0, Fisher exact
test) among patients with sinus reflux (Fig 4).

The principal finding of this study is that nearly all FMR AVFs
present symptomatically (96.5%), most with pulsatile tinnitus
(82.3%). While AVFs of the sigmoid and transverse sinuses are
known causes of pulsatile tinnitus, the correlation of FMR AVF
and pulsatile tinnitus is less established. Turbulence in the pressur-
ized condylar veins and petrosal sinuses could plausibly result in
conduction across the petrous bone, accounting for a high-pitched,
pulse-synchronous tinnitus. In our experience, direct auscultation
of the mastoid bone often reveals audible bruit in patients with
FMR AVF. Given the observed association of pulsatile tinnitus and
FMR AVF, vigilance of the posterior skull base is warranted on
noninvasive imaging studies performed to evaluate pulsatile tinni-
tus. Advanced MR imaging techniques including contrast MR an-
giography, susceptibility mapping of deoxygenated hemoglobin,
and arterial spin-labeling may aid in the diagnosis but care should
be taken to avoid misinterpretation of artifactual signal in this

FIG 4. A type 3 FMR-AVF with clinical features mimicking a carotid
cavernous fistula. MRA of the FMR (A) shows flow-related enhance-
ment in the right hypoglossal canal, corresponding to an anterior
condylar vein fistula site. Coronal MRA (B) shows asymmetric flow-
related enhancement of the right (white arrowhead) relative to left
(clear arrowhead) cavernous sinuses. Lateral-projection DSA of the
right ascending pharyngeal artery (C) shows the fistula (asterisk) with
antegrade drainage via the IJV (straight arrow) and reflux via the infe-
rior petrosal sinus (IPS, curved arrow) extending to the cavernous
sinus (CS) and superior ophthalmic vein (SOV), resulting in proptosis
and chemosis. Anterior-posterior DSA of the right vertebral artery (D)
shows reflux via the IPS and CS, which continues to the middle cere-
bral vein (MCV), making this a high-risk type 3 fistula. The asterisk rep-
resents the fistulous shunt site. BA indicates the basilar artery.
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region.17 Our findings also support results of previous work show-
ing that the orbital symptoms are frequent in an FMR AVF with
sinus reflux (40% of patients with type 2 or 3), a finding that may
clinically mimic carotid cavernous fistula (Fig 4).8

In this series, high-risk presenting symptoms (myelopathy,
hemorrhage) were seen exclusively in type 3 and 4 lesions. Type 1
and 2 FMR AVFs may, therefore, be considered low-risk when
evaluating patients for treatment. This finding corroborates
previously well-established risk features from the Borden and
Cognard classification systems, in which cortical venous reflux is
the key mediator of risk.2,18 Although the overall incidence of
hemorrhage and myelopathy was low (13.7%) relative to other
cranial AVFs, the presence of orbital symptoms in.25% of cases
has important therapeutic implications. Left untreated, pressur-
ization of the cavernous sinus can result in permanent vision loss
and represents an urgent indication for therapy for the FMR
AVF.19 We find that the presence (or absence) of orbital symp-
toms is a useful heuristic for stratifying patients. Although we did
not find statistical difference, orbital symptoms were seen in 40%
of patients with angiographic evidence of venous reflux (type 2/3)
compared with 14.3% with none (type 1/4). Still, the considerable
overlap in orbital symptoms between ostensibly low-risk (type 2)
and high-risk (type 3) lesions stresses the importance of angiogra-
phy in the initial diagnostic work-up.

Djindjian and Merland20 first recognized the disproportionate
impact of venous drainage over arterial supply in their taxonomy
of cranial AVFs. Subsequent work has confirmed this as a tenet
of risk stratification.15,21,22 Despite the emphasis on venous
angioarchitecture, knowledge of the arterial supply is critical to
inform treatment strategies. Curative endovascular treatment
requires total obliteration of the network of arterial feeders; fail-
ure to recognize the contribution of a contralateral feeding artery
could result in treatment failure and preclude repeat treatment.
Our findings show that a contralateral arterial supply is present
in 62.5% of cases. We found that dural supply from the internal
carotid artery (48.3% ipsilateral, 31.0% contralateral) and direct
vertebral artery supply (89.7% ipsilateral, 27.6% contralateral)
were common. Recognition of these and other potential hazard-
ous collaterals is critical to prevent inadvertent reflux if transarte-
rial liquid embolics are used. While this study is insufficiently
powered to detect statistical differences in arterial supply across
venous angioarchitectural types, we noted a general increase in
the number of arterial feeders from type 1 through type 3, with
the notable exception of type 4 FMR AVFs, which typically have
fewer arterial feeders at presentation. These findings again
emphasize the importance of meticulous pretreatment control
angiograms to delineate the full extent of the arterial supply in
FMR AVFs.

There are several important limitations of the current study.
First, although this is the largest comprehensive angiographic
review of FMR AVFs, our analysis is underpowered to detect ro-
bust differences among angioarchitectural groups. Moreover, we
cannot define the natural history of FMR AVFs or the propensity
for lesions to attain higher risk features across time, a phenom-
enon that was reported in 2% of patients in 1 study.13 We elected
to aggregate fistulas of the FMR, including the condylar veins and
marginal sinus, because these share many interconnections and

common final drainage pathways.4,5,7,23 However, it is plausible
that subgroups of FMR AVFs (eg, lateral-versus-posterior condy-
lar veins) behave differently.

CONCLUSIONS
We report the clinical characteristics and detailed arteriovenous
angioarchitecture of 29 FMR AVFs, defining 4 clinical-angio-
graphic phenotypes. These fistulas have a wide range of clinical
presentations that correlate to, but may not reliably predict, angio-
graphic risk. The arterial supply and venous drainage patterns of
FMR AVFs are equally variable; we, therefore, recommend thor-
ough diagnostic angiography before treatment.
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