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Non-Sinus-Type Dural Arteriovenous

(-0 Fistula at the Foramen Magnum:
.4 A Review of the Literature

Masafumi Hiramatsu,” Tomohiko Ozaki,? Rie Aoki,® Shinri Oda,® Jun Haruma,” Tomohito Hishikawa, Kenji Sugiu’
and Isao Date’

Dural arteriovenous fistula (dAVF) of the foramen magnum (FM) region is rare. Moreover, the terminology of dAVF is very
confusing in this region. In the narrow sense, the FM dAVF is the non-sinus-type dAVF with direct venous reflux to the
medulla oblongata or spinal cord via the bridging veins (BVs) of the FM. Previous literature was systematically reviewed
to investigate the clinical characteristics, angioarchitecture, and effective treatment of the FM dAVF. From the literature
review, almost all the feeders of FM dAVF were dural branches. Spinal pial arteries were rarely involved as the feeder.
All lesions had venous reflux to the medulla oblongata via medullary BVs. The FM dAVF is characterized by a significant
male predominance and a high incidence of aggressive symptoms. The most common symptom is congestive myelopathy,
followed by hemorrhage. The FM dAVF differs from the craniocervical junction (CCJ) arteriovenous fistula (AVF) and is
similar to the thoracolumbar spinal dAVF. Direct surgery for the FM dAVF is effective and safe. Endovascular treatment

for the FM dAVF may be more effective and has lower complication rates than that for the CCJ AVF.

Keywords

[ Introduction

Dural arteriovenous fistulas (dAVFs) are relatively rare dis-
eases, and the recently reported crude incidence rate was
1.044 per 100000 person-years.) In the cranial dAVF, the
foramen magnum (FM) dAVF is an extremely rare disease,
with few reports on its characteristics and effective treatment.
In the present review article, we attempted to define the FM
dAVF in a narrow sense. Moreover, we investigated the char-
acteristics, angioarchitecture, and effective treatment of FM
dAVF using a systematic literature review.
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dAVF around the FM region and confusion about
the terminology

The terminology of dAVF in this region is confusing, with
various dAVFs being referred to in various ways. Li et al.
have written a review article regarding the dAVFs of the
lateral FM region.? They divided the lateral FM dAVFs
into four types: anterior condylar confluence dAVF, poste-
rior condylar canal dAVF, marginal sinus (MS) dAVF, and
jugular foramen dAVF. McDougal et al. reported dAVFs of
the MS and divided them into three grades as follows:
grade 1, with unrestricted drainage; grade 2, with restricted
drainage; and grade 3, with retrograde cortical drainage.”
Caton et al. reported dAVFs of the FM region and divided
them into four groups as follows: type 1, with unrestricted
sinus drainage; type 2, with sinus reflux; type 3, with reflux
involving sinuses and cortical veins; and type 4, with restricted
cortical vein outflow or perimedullary congestion.*
Spittau et al. reported a systematic literature review of sim-
ilar cases as the dAVFs of the hypoglossal canal and
divided them into three groups as follows: type 1, with
anterograde drainage; type 2, with retrograde drainage to
the cavernous sinus; and type 3, with cortical and/or peri-
medullary drainage.® In short, the above authors analyzed
similar lesions, including anterior condylar arteriovenous
fistulas (AVFs), and divided them using the classification
proposed by Borden et al.” Recently, it has been found that
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most anterior condylar AVFs have intraosseous shunts that
drain to the surrounding veins via the anterior condylar
vein (ACV)® and is considered a different disease than the
FM dAVF in the narrow sense. Similar to the anterior con-
dylar AVF, most posterior condylar canal dAVFs have
intraosseous shunts that drain to the surrounding veins via
the posterior condylar vein in the posterior condylar canal.”

So, what kind of lesions are FM dAVFs in the narrow
sense? The FM has a rich surrounding venous network,
which includes the MS, ACV, suboccipital cavernous sinus
(SCS), and occipital sinus. These veins or sinuses have
various connections to the veins of the medulla oblongata
via the bridging veins (BVs).!” Mitsuhashi et al. reported
the dAVFs draining into the BV of the medulla.') They
included three cases of dAVFs at the occiput—C1 level and
two cases of dAVFs at the FM. All cases had medullary or
spinal venous drainage, and most patients presented with
subarachnoid hemorrhage (SAH) or venous hypertension
of the spinal cord. Motebejane et al. reported the 12 cases
series of the FM dAVF.'? They described that all the dAVFs
were located in the lateral epidural space on the margin of
the FM, and most cases presented with paraparesis or SAH.
Recently, Yoo et al. reported medullary BV-draining dAVFs
and divided them into nine FM and 13 craniocervical junction
(CCJ) lesions.' All cases had medullary or spinal venous
drainage, and most presented with hemorrhage or myelopa-
thy. In summary, the FM dAVF, in the narrow sense, is the
non-sinus-type dAVF with direct venous reflux to the medulla
oblongata or spinal cord via the BVs of the FM. Because the
non-sinus-type FM dAVF has venous reflux to the medulla
oblongata, it can be more aggressive than the sinus-type
dAVF, such as anterior condylar AVF. Moreover, transvenous
embolization, the standard procedure for sinus-type dAVF,
may be difficult to treat non-sinus-type FM dAVF.

Literature review of the non-sinus-type FM dAVF

Previous literature was systematically reviewed to investi-
gate the clinical characteristics, angioarchitecture, and
effective treatment of FM dAVF. Using the PubMed data-
base, we searched case reports and case series written in
English and published between 2000 and 2022 with the
term (((“foramen magnum”) AND (arteriovenous)) AND
(“2000”[Date - Publication]: “2022’[Date - Publication]))
AND (English [Language]). Cases of dAVFs located at the
FM were included in this analysis. The anterior condylar,
posterior condylar canal AVFs, or CCJ AVFs at the C1 or
lower spine level were excluded. Moreover, although there
can be some FM dAVFs in the case reports regarding the
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Table 1 Summary of the literature review regarding the FM dural
arteriovenous fistula

Characteristics Value
Total number of patients 56
Age (years)

Median 54
Mean 54
Male 52 (93%)

Presentation
Myelopathy 29 (52%)
Hemorrhage 21 (38%)
SAH 16 (29%)
ICH 3 (5%)
IVH 2 (4%)
Feeding artery
VA 38 (68%)
APA 37 (66%)
OA 15 (27%)
ASA 0 (0%)
LSA 1(2%)
Aneurysm 0 (0%)
Draining vein
Reflux to the medullary vein 56 (100%)
Ascending venous drainage 15 27%)
Descending venous drainage 27 (48%)
Both venous drainage 12 21%)
Varix 22 (39%)
Treatment
Embolization only 37 (66%)
DS after embolization 5 (9%)
DS only 13 (23%)
Complication
After EVT 3/42 (7%)
After DS 0/13 (0%)

APA: ascending pharyngeal artery; ASA: anterior spinal artery; DS: direct
surgery; EVT: endovascular treatment; ICH: intracerebral hemorrhage;
IVH: intraventricular hemorrhage; LSA: lateral spinal artery; OA: occipital
artery; SAH: subarachnoid hemorrhage; VA: vertebral artery

CCJ AVF, we did not include these cases in the literature
review.

The literature review identified 56 FM dAVFs from six
case series!'"19 and 21 case reports (Table 1).!737 The
median and mean ages were 54 and 54 years, respectively.
There were 52 males (93%) and four females (7%). Twenty-
nine patients (52%) presented with congestive myelopathy,
and 21 (38%) presented with hemorrhage. In the hemor-
rhagic cases, 16 patients (29%) presented with SAH, three
patients (5%) presented with intracerebral hemorrhage
(ICH), and two patients (4%) presented with intraventricular
hemorrhage. As the ICH in three patients, hemorrhagic loca-
tions were the cerebellum, occipital lobe, and medulla
oblongata. One patient presented with a neurological deficit
due to the mass effect on the medulla oblongata by venous
varix. Two patients presented with other neurological symptoms,



such as trigeminal neuralgia and gaze paresis. Non-specific
symptoms, such as headache, appeared in three patients.
Onset-to-diagnosis duration was identified in 33 patients.
In the patients with myelopathy, the median duration was
7 months, and the range was 14 days to 10 years. In the
patients with hemorrhagic presentation, the median duration
was 2 days, and the range was 0 to 13 days.

As the feeding artery, the radicular or meningeal arteries
from the vertebral artery (VA) were involved in 38 lesions
(68%). No lesions were supplied by the anterior spinal
artery (ASA), and one lesion was supplied by the lateral
spinal artery (LSA). One lesion was supplied by the poste-
rior inferior cerebellar artery. The ascending pharyngeal
artery (APA), occipital artery (OA), and posterior auricular
artery were involved in 37 (66%), 15 (27%), and one
lesion, respectively. There was no aneurysm on the feeder.

As the draining vein, all lesions had reflux venous drain-
age to the medulla oblongata. Fifteen lesions (27%) had
ascending venous drainage via medullary veins, 27 lesions
(48%) had descending venous drainage to the spinal veins,
and 12 lesions (21%) had venous drainage in both directions.
Two lesions had venous drainage to the medulla oblongata,
and we could not identify the ascending or descending drain-
age routes. There were 22 lesions (39%) with venous varix.

As the first-line treatment, endovascular treatment (EVT)
and direct surgery (DS) were selected in 42 (75%) and
13 (23%) lesions. All EVTs were transarterial embolization
(TAE) using liquid materials, such as n-butyl-2-cyanoacrylate
(NBCA), Onyx, PHIL, or Squid. Twenty-three lesions were
treated by NBCA, and 14 lesions were treated by Onyx.
Thirty-seven lesions (66%) were obliterated by EVT only,
and five (9%) treated with EVT required DS to obliterate.
All lesions treated with the DS were obliterated. One lesion
was not treated.

The postoperative course was described in 42 patients.
After treatment, there were 31 patients (74%) with good
recovery, including modified Rankin scale of 0 to 1. Four
patients (10%) had moderate or severe disabilities during the
follow-up period. Six patients were described as improved.
One patient presented with myelopathy was defined as hav-
ing no change.

Angioarchitecture of the non-sinus-type FM dAVF
In Fig. 1, we show the representative case of the FM dAVF.
From the literature review, almost all feeders were dural
branches from VA, APA, and OA. There are some dural
branches from VA, such as the radiculomeningeal artery,
anterior meningeal artery, and posterior meningeal artery.

Dural Arteriovenous Fistula at the Foramen Magnum: Review

The APA has a neuromeningeal branch branching into the
jugular and hypoglossal branches. The proximal portion of
the OA has jugular and stylomastoid branches. These dural
branches may supply the dura mater covering the FM.
Unlike the CCJ AVF, involvement of the spinal arteries,
such as ASA or LSA, is infrequent in the FM dAVF. In the
CCJ AVF, 63% of lesions were fed by a spinal pial artery
from the ASA and/or the LSA, and 32% of lesions had
aneurysmal dilatation.’®

All lesions had venous reflux to the medulla oblongata.
However, it was challenging to identify the drainage route
from the shunt point on the FM dura to the medulla oblon-
gata in the past literature. Most of the drainage route could
be the BV of the FM. Matsushima et al. reported the BVs
from the medullary veins to the MS around the FM using a
cadaveric study.’” They also reported the vagal vein run-
ning along the vagal nerve. Moreover, Duvernoy reported
the satellite veins of the cranial nerves, such as the glosso-
pharyngeal nerve and hypoglossal nerve.*” He also reported
the satellite vein of the C-1 nerve root. These veins are the
BVs connecting the medullary veins to the surrounding
venous structure, such as the MS, jugular bulb, sigmoid
sinus, and SCS. Based on the anatomical location, the BV of
the SCS running along the C-1 nerve root can be the drain-
ing vein of the CCJ AVF. The CCJ AVF may develop along
the C-1 or C-2 nerve roots and can be located on the spinal
cord, spinal nerves, and/or the inner or outer surface of the
dura matter.3® On the other hand, the BV of the MS can be
the draining vein of the non-sinus-type FM dAVF. This BV
does not run along the cranial nerves or spinal nerve roots.
Other BVs connecting to the ACV or occipital sinus can be
the draining vein of the non-sinus-type FM dAVF. Because
the spinal pial arteries, such as ASA and LSA, can supply the
nerve root, the CCJ AVF may be supplied by the spinal pial
arteries, and the FM dAVF may not. We show the schematic
illustrations of normal anatomy in Fig. 2A and vessel anat-
omy of the AVF in Fig. 2B with special reference to the
difference between the FM dAVF and CCJ dAVF.

Clinical characteristics of the non-sinus-type

FM dAVF

From the literature review, the FM dAVF is characterized
by a significant male predominance (93%) and a high inci-
dence of aggressive symptoms. The most common symptom
was congestive myelopathy (52%), followed by hemor-
rhage (38%), which together accounted for 90% of
patients with aggressive symptoms. The most common
hemorrhagic presentation was the SAH (16/21: 76%). These
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Fig. 1 Arepresentative case of the FM dAVF. The anterior—posterior view of the 2D-DSA (A) and 3D-DSA (B) of the right vertebral angiogram
shows the dAVF, which is fed by the dural branches (arrow) from the V3 segment of the VA and PICA (dotted arrow). The dAVF drains into the
medullary veins with venous varices and has ascending and descending drainage routes. The arrowhead shows a shunt point. The anterior—
posterior view (C) and lateral view (D and E) of the 2D-DSA (C and D) and 3D-DSA (E) of the right external carotid angiogram show the dAVF,
which was fed by the jugular (arrow) and hypoglossal (double arrow) branches of the APA and the petrosquamous branch of the middle men-
ingeal artery (dotted arrow). The coronal view of the slab maximum intensity projection image (F) from 3D-DSA of the right external carotid
angiogram shows the shunt point (arrowhead) located on the upper margin of the FM. APA: ascending pharyngeal artery; dAVF: dural arterio-
venous fistula; DSA: digital subtraction angigraphy; FM: foramen magnum; PICA: posterior inferior cerebellar artery; VA: vertebral artery

characteristics are similar to the CCJ AVF, which have
male predominance (76%) and a higher rate of aggressive
symptom (85%).’® Based on the Japanese Registry of
NeuroEndovascular Therapy 2 (JR-NET2), the most male-
dominated intracranial dAVF was the ACF, with 84%
males.*) The location of the intracranial dAVF with the
highest proportion of cases occurring with aggressive symp-
toms was superior sagittal sinus (SSS), with an aggressive
symptom rate of 57%. The male predominance and the
high number of aggressive symptoms are the characteris-
tics of the specific group of dAVF. Geibprasert et al.
reported a new classification of dAVF, and the lateral epi-
dural group includes the MS (lateral portion — FM) dAVF
with the emissary-BVs of the brainstem.*? This lateral epi-
dural group had male predominance (81%) and a higher
rate of aggressive symptoms (86%). Tanaka reported the
classification of dAVF based on embryological consider-
ation, and the ventral and lateral parts of the MS are
included in the ventral group located on the endochondral
bone, and the dorsal part of the MS is included in the dorsal
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group located on the membranous bone.*» However, the
other falco-tentorial group had male predominance (87%)
and a higher rate of aggressive symptoms (80%). We con-
sidered the FM dAVF to be more natural to be included in
the falco-tentorial group.

Based on the literature review, 29 patients with FM
dAVF presented with myelopathy; all but one patient (97%)
had a descending drainage route to the spinal vein, and four
patients (14%) had varix. On the other hand, 21 patients
with FM dAVF presented with hemorrhage; 16 patients
(76%) had ascending venous drainage via the medullary
veins and 14 patients (67%) had varix. Risk factors for the
hemorrhagic presentation in the CCJ AVF were reported as
the involvement of ASA and the presence of aneurysmal
dilatation,®® whereas for FM dAVF, it may be ascending
venous drainage and the presence of varix.

Treatment of the non-sinus-type FM dAVF
From the literature review, 37 (66%), 5 (9%), and 13 (23%)
lesions were obliterated with EVT only, DS after EVT, and DS
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(A) Schematic illustration of normal anatomy of the FM and CCJ. (B) Schematic illustration of vessel anatomy with special reference to

the difference between the FM dAVF and CCJ dAVF. The FM dAVF is fed by the jugular branch and radiculomeningeal artery from the
VA. The jugular branch is from the OA or APA. The shunt point of the FM dAVF is located on the dura mater at the FM. The FM dAVF
may develop varix on the draining vein. The CCJ dAVF is fed by the radiculomeningeal artery and spinal pial arteries, such as the ASA
and LSA. Vasa corona is the feeder from the spinal pial arteries and may develop an aneurysm on the feeder. The shunt point of the CCJ
dAVF is located on the occiput-C1 level dura mater. APA: ascending pharyngeal artery; ASA: anterior spinal artery; BV: bridging vein;

CCJ: craniocervical junction; dAVF: dural arteriovenous fistula;

FM: foramen magnum; LSA: lateral spinal artery; MS: marginal sinus;

OA: occpital artery; SCS: suboccipital cavernous sinus; VA: vertebral artery

only, respectively. Complete obliteration was obtained in 88%
and 100% of lesions treated with EVT and DS, respectively.
Complications occurred in three patients (7%) treated with
EVT, which were ischemic complications, such as medulla
oblongata infarction due to LSA occlusion,?” cerebellar infarc-
tion due to Onyx migration to the basilar artery,® and lower
cranial nerve palsy after embolization of stylomastoid artery.'>

Takai et al. reported a multicenter cohort study of the CCJ
AVF, demonstrating that the DS was more effective and
safer than the EVT.*Y The retreatment rates after DS and
EVT were 2.6% and 63%, respectively, and ischemic com-
plication rates after DS and EVT were 7.7% and 26%,
respectively. Yoo et al. reported the EVT results of medul-
lary BV-draining dAVF comparing the FM and CCJ
lesions.' In their series, the EVT resulted in complete or
near-complete occlusion in all patients with FM dAVF and
61.5% of patients with CCJ AVF. The complication rates
were 11.1% and 46.2% in FM dAVF and CCJ AVE, respec-
tively. The higher occlusion rate and lower complication rate
with EVT in FM dAVF, unlike CCJ AVF, may be due to less
involvement of the spinal pial artery, such as ASA. Moreover,
the external carotid artery (ECA) branches can be used as the
target vessel of TAE, which is safer than the VA branches.
However, we should recognize the possibility of anastomosis
between the dural branch and spinal pial arteries during EVT.

Homology to the spinal dAVF
Mitsuhashi et al. reported the FM and CCJ dAVF as the
dAVF draining into the BV of the medulla.'” They

speculated that these lesions are possible homologs of spi-
nal dAVF and have similar characteristics. Regarding the
CCJ AVFE, spinal pial arteries may be involved, and the risk
factors of hemorrhagic presentation are spinal artery
involvement and feeder aneurysm.’® These characteristics
are very different from spinal dAVFs at the thoracolumbar
level.* On the other hand, most FM dAVFs are supplied
by dural arteries, and the cause of aggressive symptoms is
the venous drainage pattern. Moreover, significant male
predominance is similar to the spinal dAVF. The difference
between the FM and spinal dAVF is hemorrhagic presenta-
tion. As Mitsuhasi et al. described, embryologically, the
BVs of the medulla are cranial homologs of the spinal cord
emissary BVs that drain the pial venous network.') It
seems reasonable to consider the FM dAVF as a cranial
homolog of the spinal dAVF.

1 Conclusions

From the literature review, almost all of the feeders of FM
dAVF were dural branches from VA, APA, and OA. Spinal
pial arteries were rarely involved as the feeder. All lesions
had venous reflux to the medulla oblongata via medullary
BVs. The FM dAVF is characterized by a significant male
predominance and a high incidence of aggressive symp-
toms. The most common symptom was congestive myelop-
athy, followed by hemorrhage. The FM dAVF differs from
the CCJ AVF and is similar to the spinal dAVF. The EVT
for the FM dAVF may be more effective and has lower
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complication rates than that for the CCJ AVF. DS for the
FM dAVF may be effective and safe.

| Disclosure Statement

All authors have no conflict of interest regarding the pres-

ent manuscript.

| References

1)

2)

3)

4

5)

6)

7

8)

9)

10)

11)

Murai S, Hiramatsu M, Suzuki E, et al. Trends in incidence
of intracranial and spinal arteriovenous shunts: hospital-
based surveillance in Okayama, Japan. Stroke 2021; 52:
1455-1459.

Li C, YuJ, Li K, et al. Dural arteriovenous fistula of the
lateral foramen magnum region: a review. /nterv Neuroradiol
2018;24: 425-434.

McDougall CG, Halbach VV, Dowd CF, et al. Dural arte-
riovenous fistulas of the marginal sinus. AJNR Am J Neu-
roradiol 1997; 18: 1565-1572.

Caton MT, Narsinh KH, Baker A, et al. Dural arteriovenous
fistulas of the foramen magnum region: clinical features
and angioarchitectural phenotypes. A/NR Am J Neuroradiol
2021;42: 1486-1491.

Caton MT, Narsinh KH, Baker A, et al. Endovascular treatment
strategy, technique, and outcomes for dural arteriovenous
fistulas of the marginal sinus region. J Neurointerv Surg
2022; 14: 155-159.

Spittau B, Millan DS, El-Sherifi S, et al. Dural arteriove-
nous fistulas of the hypoglossal canal: systematic review on
imaging anatomy, clinical findings, and endovascular man-
agement. J Neurosurg 2015; 122: 883-903.

Borden JA, Wu JK, Shucart WA. A proposed classification
for spinal and cranial dural arteriovenous fistulous malfor-
mations and implications for treatment. J Neurosurg 1995;
82: 166-179.

Mizutani K, Akiyama T, Minami Y, et al. Intraosseous
venous structures adjacent to the jugular tubercle associated
with an anterior condylar dural arteriovenous fistula. Neu-
roradiology 2018; 60: 487—-496.

Kiyosue H, Okahara M, Sagara Y, et al. Dural arteriovenous
fistula involving the posterior condylar canal. AJNR Am J
Neuroradiol 2007; 28: 1599-1601.

Baltsavias G, Parthasarathi V, Aydin E, et al. Cranial dural
arteriovenous shunts. Part 1. Anatomy and embryology of
the bridging and emissary veins. Neurosurg Rev 2015; 38:
253-263; discussion, 263-264.

Mitsuhashi Y, Aurboonyawat T, Pereira VM, et al. Dural ar-
teriovenous fistulas draining into the petrosal vein or bridg-
ing vein of the medulla: possible homologs of spinal dural
arteriovenous fistulas. J Neurosurg 2009; 111: 889-899.

6

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

Motebejane MS, Choi IS. Foramen magnum dural arte-
riovenous fistulas: clinical presentations and treatment
outcomes, a case-series of 12 patients. Oper Neurosurg
(Hagerstown) 2018; 15: 262-269.

Yoo DH, Cho YD, Boonchai T, et al. Endovascular treat-
ment of medullary bridging vein-draining dural arteriove-
nous fistulas: foramen magnum vs. craniocervical junction
lesions. Neuroradiology 2022; 64: 333-342.

Guo LM, Zhou HY, Xu JW, et al. Dural arteriovenous fis-
tula at the foramen magnum presenting with subarachnoid
hemorrhage: case reports and literature review. Eur J Neu-
rol 2010; 17: 684-691.

Liang G, Gao X, Li Z, et al. Endovascular treatment for
dural arteriovenous fistula at the foramen magnum: report
of five consecutive patients and experience with balloon-
augmented transarterial Onyx injection. J Neuroradiol
2013; 40: 134-139.

Reinges MH, Thron A, Mull M, et al. Dural arteriovenous fis-
tulae at the foramen magnum. J Neurol 2001; 248: 197-203.
Artemiadis A, Magoufis G, Papadopoulos TS, et al. Fora-
men magnum arteriovenous fistula presenting as transverse
myelitis. Acta Neurol Belg 2020; 120: 779-781.

Chen H, Chen R, Yang H, et al. Resolution of trigeminal
neuralgia after surgical disconnection of a foramen mag-
num dural arteriovenous fistula. World Neurosurg 2020;
135:209-213.

Chng SM, Sitoh Y'Y, Hui F. Intracranial dural arteriovenous
fistula presenting with tetraparesis due to cervicomedullary
junction compression. A case report. Interv Neuroradiol
2004; 10: 347-351.

Do AS, Kapurch J, Kumar R, et al. The long and winding
road: thoracic myelopathy associated with occipitocervical
dural arteriovenous fistula. World Neurosurg 2017; 108:
998.67-998.e16.

Gadot R, Gopakumar S, Wagner K, et al. Foramen magnum
dural arteriovenous fistula presenting with thoracic myelop-
athy: technical case report with 2-dimensional operative
video. Oper Neurosurg (Hagerstown) 2021; 21: ES5-ES9.
Gandhi D, Chen J, Pearl M, et al. Intracranial dural arterio-
venous fistulas: classification, imaging findings, and treat-
ment. AJNR Am J Neuroradiol 2012; 33: 1007-1013.

Guo L, Qiu Y. A dural arterioveous fistula at the foramen
magnum treated with transarterial Onyx embolization.
Neurol India 2012; 60: 661-663.

Hiramatsu R, Kuroiwa T, Nozaki K, et al. Foramen magnum
dural arteriovenous fistula treated by a microsurgical tech-
nique combined with a feeder occlusion using transarterial
coil embolization. Turk Neurosurg 2015; 25: 971-975.
lampreechakul P, Liengudom A, Lertbutsayanukul P, et al.
Medullary hemorrhage caused by foramen magnum dural
arteriovenous fistula successfully obliterated using com-
bination of endovascular and surgical treatments: a case


https://doi.org/10.1161/STROKEAHA.120.032052
https://doi.org/10.1161/STROKEAHA.120.032052
https://doi.org/10.1161/STROKEAHA.120.032052
https://doi.org/10.1161/STROKEAHA.120.032052
https://doi.org/10.1161/STROKEAHA.120.032052
https://doi.org/10.1161/STROKEAHA.120.032052
https://doi.org/10.1161/STROKEAHA.120.032052
https://doi.org/10.1177/1591019918770768
https://doi.org/10.1177/1591019918770768
https://doi.org/10.1177/1591019918770768
https://doi.org/10.1177/1591019918770768
https://doi.org/10.1177/1591019918770768
https://doi.org/10.1177/1591019918770768
https://doi.org/10.1177/1591019918770768
https://doi.org/10.3174/ajnr.A7152
https://doi.org/10.3174/ajnr.A7152
https://doi.org/10.3174/ajnr.A7152
https://doi.org/10.3174/ajnr.A7152
https://doi.org/10.3174/ajnr.A7152
https://doi.org/10.3174/ajnr.A7152
https://doi.org/10.3174/ajnr.A7152
https://doi.org/10.1136/neurintsurg-2021-017476
https://doi.org/10.1136/neurintsurg-2021-017476
https://doi.org/10.1136/neurintsurg-2021-017476
https://doi.org/10.1136/neurintsurg-2021-017476
https://doi.org/10.1136/neurintsurg-2021-017476
https://doi.org/10.1136/neurintsurg-2021-017476
https://doi.org/10.1136/neurintsurg-2021-017476
https://doi.org/10.1136/neurintsurg-2021-017476
https://doi.org/10.3171/2014.10.JNS14377
https://doi.org/10.3171/2014.10.JNS14377
https://doi.org/10.3171/2014.10.JNS14377
https://doi.org/10.3171/2014.10.JNS14377
https://doi.org/10.3171/2014.10.JNS14377
https://doi.org/10.3171/2014.10.JNS14377
https://doi.org/10.3171/2014.10.JNS14377
https://doi.org/10.3171/jns.1995.82.2.0166
https://doi.org/10.3171/jns.1995.82.2.0166
https://doi.org/10.3171/jns.1995.82.2.0166
https://doi.org/10.3171/jns.1995.82.2.0166
https://doi.org/10.3171/jns.1995.82.2.0166
https://doi.org/10.3171/jns.1995.82.2.0166
https://doi.org/10.3171/jns.1995.82.2.0166
https://doi.org/10.3171/jns.1995.82.2.0166
https://doi.org/10.1007/s00234-018-1990-8
https://doi.org/10.1007/s00234-018-1990-8
https://doi.org/10.1007/s00234-018-1990-8
https://doi.org/10.1007/s00234-018-1990-8
https://doi.org/10.1007/s00234-018-1990-8
https://doi.org/10.1007/s00234-018-1990-8
https://doi.org/10.1007/s00234-018-1990-8
https://doi.org/10.1007/s00234-018-1990-8
https://doi.org/10.1007/s00234-018-1990-8
https://doi.org/10.3174/ajnr.A0606
https://doi.org/10.3174/ajnr.A0606
https://doi.org/10.3174/ajnr.A0606
https://doi.org/10.3174/ajnr.A0606
https://doi.org/10.3174/ajnr.A0606
https://doi.org/10.3174/ajnr.A0606
https://doi.org/10.3174/ajnr.A0606
https://doi.org/10.3174/ajnr.A0606
https://doi.org/10.3174/ajnr.A0606
https://doi.org/10.1007/s10143-014-0590-2
https://doi.org/10.1007/s10143-014-0590-2
https://doi.org/10.1007/s10143-014-0590-2
https://doi.org/10.1007/s10143-014-0590-2
https://doi.org/10.1007/s10143-014-0590-2
https://doi.org/10.1007/s10143-014-0590-2
https://doi.org/10.1007/s10143-014-0590-2
https://doi.org/10.1007/s10143-014-0590-2
https://doi.org/10.3171/2009.1.JNS08840
https://doi.org/10.3171/2009.1.JNS08840
https://doi.org/10.3171/2009.1.JNS08840
https://doi.org/10.3171/2009.1.JNS08840
https://doi.org/10.3171/2009.1.JNS08840
https://doi.org/10.3171/2009.1.JNS08840
https://doi.org/10.3171/2009.1.JNS08840
https://doi.org/10.1093/ons/opx229
https://doi.org/10.1093/ons/opx229
https://doi.org/10.1093/ons/opx229
https://doi.org/10.1093/ons/opx229
https://doi.org/10.1093/ons/opx229
https://doi.org/10.1093/ons/opx229
https://doi.org/10.1093/ons/opx229
https://doi.org/10.1093/ons/opx229
https://doi.org/10.1007/s00234-021-02790-z
https://doi.org/10.1007/s00234-021-02790-z
https://doi.org/10.1007/s00234-021-02790-z
https://doi.org/10.1007/s00234-021-02790-z
https://doi.org/10.1007/s00234-021-02790-z
https://doi.org/10.1007/s00234-021-02790-z
https://doi.org/10.1007/s00234-021-02790-z
https://doi.org/10.1111/j.1468-1331.2009.02895.x
https://doi.org/10.1111/j.1468-1331.2009.02895.x
https://doi.org/10.1111/j.1468-1331.2009.02895.x
https://doi.org/10.1111/j.1468-1331.2009.02895.x
https://doi.org/10.1111/j.1468-1331.2009.02895.x
https://doi.org/10.1111/j.1468-1331.2009.02895.x
https://doi.org/10.1111/j.1468-1331.2009.02895.x
https://doi.org/10.1111/j.1468-1331.2009.02895.x
https://doi.org/10.1016/j.neurad.2012.09.001
https://doi.org/10.1016/j.neurad.2012.09.001
https://doi.org/10.1016/j.neurad.2012.09.001
https://doi.org/10.1016/j.neurad.2012.09.001
https://doi.org/10.1016/j.neurad.2012.09.001
https://doi.org/10.1016/j.neurad.2012.09.001
https://doi.org/10.1016/j.neurad.2012.09.001
https://doi.org/10.1007/s004150170226
https://doi.org/10.1007/s004150170226
https://doi.org/10.1007/s004150170226
https://doi.org/10.1007/s004150170226
https://doi.org/10.1007/s004150170226
https://doi.org/10.1007/s004150170226
https://doi.org/10.1007/s004150170226
https://doi.org/10.1007/s004150170226
https://doi.org/10.1007/s13760-020-01334-1
https://doi.org/10.1007/s13760-020-01334-1
https://doi.org/10.1007/s13760-020-01334-1
https://doi.org/10.1007/s13760-020-01334-1
https://doi.org/10.1007/s13760-020-01334-1
https://doi.org/10.1007/s13760-020-01334-1
https://doi.org/10.1007/s13760-020-01334-1
https://doi.org/10.1007/s13760-020-01334-1
https://doi.org/10.1016/j.wneu.2019.07.063
https://doi.org/10.1016/j.wneu.2019.07.063
https://doi.org/10.1016/j.wneu.2019.07.063
https://doi.org/10.1016/j.wneu.2019.07.063
https://doi.org/10.1016/j.wneu.2019.07.063
https://doi.org/10.1016/j.wneu.2019.07.063
https://doi.org/10.1016/j.wneu.2019.07.063
https://doi.org/10.1016/j.wneu.2019.07.063
https://doi.org/10.1177/159101990401000410
https://doi.org/10.1177/159101990401000410
https://doi.org/10.1177/159101990401000410
https://doi.org/10.1177/159101990401000410
https://doi.org/10.1177/159101990401000410
https://doi.org/10.1177/159101990401000410
https://doi.org/10.1177/159101990401000410
https://doi.org/10.1177/159101990401000410
https://doi.org/10.1016/j.wneu.2017.09.073
https://doi.org/10.1016/j.wneu.2017.09.073
https://doi.org/10.1016/j.wneu.2017.09.073
https://doi.org/10.1016/j.wneu.2017.09.073
https://doi.org/10.1016/j.wneu.2017.09.073
https://doi.org/10.1016/j.wneu.2017.09.073
https://doi.org/10.1016/j.wneu.2017.09.073
https://doi.org/10.1093/ons/opab077
https://doi.org/10.1093/ons/opab077
https://doi.org/10.1093/ons/opab077
https://doi.org/10.1093/ons/opab077
https://doi.org/10.1093/ons/opab077
https://doi.org/10.1093/ons/opab077
https://doi.org/10.1093/ons/opab077
https://doi.org/10.3174/ajnr.A2798
https://doi.org/10.3174/ajnr.A2798
https://doi.org/10.3174/ajnr.A2798
https://doi.org/10.3174/ajnr.A2798
https://doi.org/10.3174/ajnr.A2798
https://doi.org/10.3174/ajnr.A2798
https://doi.org/10.3174/ajnr.A2798
https://doi.org/10.4103/0028-3886.105215
https://doi.org/10.4103/0028-3886.105215
https://doi.org/10.4103/0028-3886.105215
https://doi.org/10.4103/0028-3886.105215
https://doi.org/10.4103/0028-3886.105215
https://doi.org/10.4103/0028-3886.105215
https://doi.org/10.4103/0028-3886.105215
https://doi.org/10.4103/0028-3886.105215
https://doi.org/10.5137/1019-5149.JTN.11860-14.3
https://doi.org/10.5137/1019-5149.JTN.11860-14.3
https://doi.org/10.5137/1019-5149.JTN.11860-14.3
https://doi.org/10.5137/1019-5149.JTN.11860-14.3
https://doi.org/10.5137/1019-5149.JTN.11860-14.3
https://doi.org/10.5137/1019-5149.JTN.11860-14.3
https://doi.org/10.5137/1019-5149.JTN.11860-14.3
https://doi.org/10.5137/1019-5149.JTN.11860-14.3

26)

27)

28)

29)

30)

31)

32)

33)

34)

35)

report and literature review. Asian J Neurosurg 2019; 14:
1256-1267.

Kakizaki S, Ishibashi T, Kato N, et al. Complete oblitera-
tion of a foramen magnum dural arteriovenous fistula by
microsurgery after failed endovascular treatment using
Onyx: case report and literature review. World Neurosurg
2020; 144: 43-49.

Kannath S, Rajan Jayadevan E. The lurking catastrophic
complication of an equally catastrophic disease: the lesson
learned. Oper Neurosurg (Hagerstown) 2016; 12: 189-192.
Kim H, Lee YS, Kang HJ, et al. A rare case of subarachnoid
hemorrhage caused by ruptured venous varix due to dural
ateriovenous fistula at the foramen magnum fed solely by
the ascending pharyngeal artery. J Cerebrovasc Endovasc
Neurosurg 2018; 20: 120-126.

Kim MS, Han DH, Han MH, et al. Posterior fossa hemor-
rhage caused by dural arteriovenous fistula: case reports.
Surg Neurol 2003; 59: 512-516; discussion, 516-517.

Lee JY, Cho YD, Kwon BJ, et al. Dural arteriovenous fistu-
la at the foramen magnum with holocord myelopathy: case
report. Neurointervention 2010; 5: 53-57.

Mendes GA, Caire F, Saleme S, et al. Retrograde leptome-
ningeal venous approach for dural arteriovenous fistulas at
foramen magnum. /nterv Neuroradiol 2015; 21: 244-248.
Okamoto T, Nanto M, Hasegawa Y, et al. Early rebleeding
of a foramen magnum dural arteriovenous fistula: a case
report and review of the literature. Radiol Case Rep 2021,
16: 3499-3503.

Pop R, Manisor M, Aloraini Z, et al. Foramen magnum
dural arteriovenous fistula presenting with epilepsy. /nterv
Neuroradiol 2015; 21: 724-727.

Raheja A, Taussky P, Couldwell WT. Successful micro-
surgical management of high-risk foramen magnum dural
arteriovenous fistula with cortical venous reflex using far-
lateral approach: 3-dimensional operative video. Oper Neu-
rosurg (Hagerstown) 2017; 13: 644.

Sattur MG, Abi-Aad KR, Richards AE, et al. Microsurgi-
cal treatment of foramen magnum cognard Type V dural

36)

37)

38)

39)

40)

41)

42)

43)

44)

45)

Dural Arteriovenous Fistula at the Foramen Magnum: Review

arteriovenous fistula: 2-dimensional operative video. Oper
Neurosurg (Hagerstown) 2019; 17: E203.

Spiotta AM, Hughes G, Masaryk TJ, et al. Balloon-
augmented Onyx embolization of a dural arteriovenous
fistula arising from the neuromeningeal trunk of the ascend-
ing pharyngeal artery: technical report. J Neurointerv Surg
2011; 3: 300-303.

Takami T, Ohata K, Nishio A, et al. Microsurgical interrup-
tion of dural arteriovenous fistula at the foramen magnum.
J Clin Neurosci 2005; 12: 580-583.

Hiramatsu M, Sugiu K, Ishiguro T, et al. Angioarchitecture
of arteriovenous fistulas at the craniocervical junction: a
multicenter cohort study of 54 patients. J Neurosurg 2018;
128: 1839-1849.

Matsushima T, Rhoton AL Jr., de Oliveira E, et al.
Microsurgical anatomy of the veins of the posterior fossa.
J Neurosurg 1983; 59: 63—105.

Duvernoy HM. The Superficial Veins of the Human Brain:
Veins of the Brain Stem and of the Base of the Brain. Berlin:
Springer, 1975.

Hiramatsu M, Sugiu K, Hishikawa T, et al. Epidemiology
of dural arteriovenous fistula in Japan: analysis of Japanese
Registry of Neuroendovascular Therapy (JR-NET2). Neu-
rol Med Chir (Tokyo) 2014; 54: 63-71.

Geibprasert S, Pereira V, Krings T, et al. Dural arteriove-
nous shunts: a new classification of craniospinal epidural
venous anatomical bases and clinical correlations. Stroke
2008; 39: 2783-2794.

Tanaka M. Embryological consideration of dural arteriove-
nous fistulas. Neurol Med Chir (Tokyo) 2016; 56: 544-551.
Takai K, Endo T, Seki T, et al. Neurosurgical versus endo-
vascular treatment of craniocervical junction arteriovenous
fistulas: a multicenter cohort study of 97 patients. J Neuro-
surg 2022; 137: 373-380.

Hiramatsu M, Ishibashi R, Suzuki E, et al. Incidence and
clinical characteristics of spinal arteriovenous shunts: hos-
pital-based surveillance in Okayama, Japan. J Neurosurg
Spine 2022; 36: 670-677.


https://doi.org/10.4103/ajns.AJNS_259_19
https://doi.org/10.4103/ajns.AJNS_259_19
https://doi.org/10.4103/ajns.AJNS_259_19
https://doi.org/10.4103/ajns.AJNS_259_19
https://doi.org/10.4103/ajns.AJNS_259_19
https://doi.org/10.4103/ajns.AJNS_259_19
https://doi.org/10.4103/ajns.AJNS_259_19
https://doi.org/10.1016/j.wneu.2020.08.077
https://doi.org/10.1016/j.wneu.2020.08.077
https://doi.org/10.1016/j.wneu.2020.08.077
https://doi.org/10.1016/j.wneu.2020.08.077
https://doi.org/10.1016/j.wneu.2020.08.077
https://doi.org/10.1016/j.wneu.2020.08.077
https://doi.org/10.1016/j.wneu.2020.08.077
https://doi.org/10.1227/NEU.0000000000001080
https://doi.org/10.1227/NEU.0000000000001080
https://doi.org/10.1227/NEU.0000000000001080
https://doi.org/10.1227/NEU.0000000000001080
https://doi.org/10.1227/NEU.0000000000001080
https://doi.org/10.1227/NEU.0000000000001080
https://doi.org/10.1227/NEU.0000000000001080
https://doi.org/10.7461/jcen.2018.20.2.120
https://doi.org/10.7461/jcen.2018.20.2.120
https://doi.org/10.7461/jcen.2018.20.2.120
https://doi.org/10.7461/jcen.2018.20.2.120
https://doi.org/10.7461/jcen.2018.20.2.120
https://doi.org/10.7461/jcen.2018.20.2.120
https://doi.org/10.7461/jcen.2018.20.2.120
https://doi.org/10.7461/jcen.2018.20.2.120
https://doi.org/10.7461/jcen.2018.20.2.120
https://doi.org/10.1016/S0090-3019(03)00077-6
https://doi.org/10.1016/S0090-3019(03)00077-6
https://doi.org/10.1016/S0090-3019(03)00077-6
https://doi.org/10.1016/S0090-3019(03)00077-6
https://doi.org/10.1016/S0090-3019(03)00077-6
https://doi.org/10.1016/S0090-3019(03)00077-6
https://doi.org/10.1016/S0090-3019(03)00077-6
https://doi.org/10.5469/neuroint.2010.5.1.53
https://doi.org/10.5469/neuroint.2010.5.1.53
https://doi.org/10.5469/neuroint.2010.5.1.53
https://doi.org/10.5469/neuroint.2010.5.1.53
https://doi.org/10.5469/neuroint.2010.5.1.53
https://doi.org/10.5469/neuroint.2010.5.1.53
https://doi.org/10.5469/neuroint.2010.5.1.53
https://doi.org/10.1177/1591019915582942
https://doi.org/10.1177/1591019915582942
https://doi.org/10.1177/1591019915582942
https://doi.org/10.1177/1591019915582942
https://doi.org/10.1177/1591019915582942
https://doi.org/10.1177/1591019915582942
https://doi.org/10.1177/1591019915582942
https://doi.org/10.1177/1591019915582942
https://doi.org/10.1016/j.radcr.2021.08.038
https://doi.org/10.1016/j.radcr.2021.08.038
https://doi.org/10.1016/j.radcr.2021.08.038
https://doi.org/10.1016/j.radcr.2021.08.038
https://doi.org/10.1016/j.radcr.2021.08.038
https://doi.org/10.1016/j.radcr.2021.08.038
https://doi.org/10.1016/j.radcr.2021.08.038
https://doi.org/10.1177/1591019915609783
https://doi.org/10.1177/1591019915609783
https://doi.org/10.1177/1591019915609783
https://doi.org/10.1177/1591019915609783
https://doi.org/10.1177/1591019915609783
https://doi.org/10.1177/1591019915609783
https://doi.org/10.1177/1591019915609783
https://doi.org/10.1177/1591019915609783
https://doi.org/10.1177/1591019915609783
https://doi.org/10.1093/ons/opx055
https://doi.org/10.1093/ons/opx055
https://doi.org/10.1093/ons/opx055
https://doi.org/10.1093/ons/opx055
https://doi.org/10.1093/ons/opx055
https://doi.org/10.1093/ons/opx055
https://doi.org/10.1093/ons/opz030
https://doi.org/10.1093/ons/opz030
https://doi.org/10.1093/ons/opz030
https://doi.org/10.1093/ons/opz030
https://doi.org/10.1093/ons/opz030
https://doi.org/10.1093/ons/opz030
https://doi.org/10.1136/jnis.2010.003095
https://doi.org/10.1136/jnis.2010.003095
https://doi.org/10.1136/jnis.2010.003095
https://doi.org/10.1136/jnis.2010.003095
https://doi.org/10.1136/jnis.2010.003095
https://doi.org/10.1136/jnis.2010.003095
https://doi.org/10.1136/jnis.2010.003095
https://doi.org/10.1016/j.jocn.2005.02.003
https://doi.org/10.1016/j.jocn.2005.02.003
https://doi.org/10.1016/j.jocn.2005.02.003
https://doi.org/10.1016/j.jocn.2005.02.003
https://doi.org/10.1016/j.jocn.2005.02.003
https://doi.org/10.1016/j.jocn.2005.02.003
https://doi.org/10.1016/j.jocn.2005.02.003
https://doi.org/10.1016/j.jocn.2005.02.003
https://doi.org/10.3171/2017.3.JNS163048
https://doi.org/10.3171/2017.3.JNS163048
https://doi.org/10.3171/2017.3.JNS163048
https://doi.org/10.3171/2017.3.JNS163048
https://doi.org/10.3171/2017.3.JNS163048
https://doi.org/10.3171/2017.3.JNS163048
https://doi.org/10.3171/2017.3.JNS163048
https://doi.org/10.3171/jns.1983.59.1.0063
https://doi.org/10.3171/jns.1983.59.1.0063
https://doi.org/10.3171/jns.1983.59.1.0063
https://doi.org/10.3171/jns.1983.59.1.0063
https://doi.org/10.3171/jns.1983.59.1.0063
https://doi.org/10.3171/jns.1983.59.1.0063
https://doi.org/10.3171/jns.1983.59.1.0063
https://doi.org/10.3171/jns.1983.59.1.0063
https://doi.org/10.2176/nmc.st.2013-0172
https://doi.org/10.2176/nmc.st.2013-0172
https://doi.org/10.2176/nmc.st.2013-0172
https://doi.org/10.2176/nmc.st.2013-0172
https://doi.org/10.2176/nmc.st.2013-0172
https://doi.org/10.2176/nmc.st.2013-0172
https://doi.org/10.2176/nmc.st.2013-0172
https://doi.org/10.2176/nmc.st.2013-0172
https://doi.org/10.1161/STROKEAHA.108.516757
https://doi.org/10.1161/STROKEAHA.108.516757
https://doi.org/10.1161/STROKEAHA.108.516757
https://doi.org/10.1161/STROKEAHA.108.516757
https://doi.org/10.1161/STROKEAHA.108.516757
https://doi.org/10.1161/STROKEAHA.108.516757
https://doi.org/10.1161/STROKEAHA.108.516757
https://doi.org/10.2176/nmc.oa.2015-0313
https://doi.org/10.2176/nmc.oa.2015-0313
https://doi.org/10.2176/nmc.oa.2015-0313
https://doi.org/10.2176/nmc.oa.2015-0313
https://doi.org/10.2176/nmc.oa.2015-0313
https://doi.org/10.2176/nmc.oa.2015-0313
https://doi.org/10.2176/nmc.oa.2015-0313
https://doi.org/10.2176/nmc.oa.2015-0313
https://doi.org/10.3171/2021.10.JNS212205
https://doi.org/10.3171/2021.10.JNS212205
https://doi.org/10.3171/2021.10.JNS212205
https://doi.org/10.3171/2021.10.JNS212205
https://doi.org/10.3171/2021.10.JNS212205
https://doi.org/10.3171/2021.10.JNS212205
https://doi.org/10.3171/2021.10.JNS212205
https://doi.org/10.3171/2021.10.JNS212205
https://doi.org/10.3171/2021.7.SPINE21233
https://doi.org/10.3171/2021.7.SPINE21233
https://doi.org/10.3171/2021.7.SPINE21233
https://doi.org/10.3171/2021.7.SPINE21233
https://doi.org/10.3171/2021.7.SPINE21233
https://doi.org/10.3171/2021.7.SPINE21233
https://doi.org/10.3171/2021.7.SPINE21233
https://doi.org/10.3171/2021.7.SPINE21233

