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Arteriovenous Fistulas at the Cervicomedullary
Junction Presenting with Subarachnoid
Hemorrhage: Six Case Reports with Special
Reference to the Angiographic Pattern of
Venous Drainage

Yutaka Kai, Jun-ichiro Hamada, Motohiro Morioka, Shigetoshi Yano, Takamasa Mizuno, and
Jun-ichi Kuratsu

BACKGROUND AND PURPOSE: Cases with spinal perimedullary arteriovenous fistulas
(SPAVFs) or spinal dural arteriovenous fistulas (SDAVFs) at the cervicomedullary junction are
rare. We performed a retrospective, angiographic study of 6 such patients to assess whether
available angiographic data were predictive of the risk for hemorrhage.

METHODS: We report 6 patients with arteriovenous fistulas at the cervicomedullary junc-
tion. All presented with subarachnoid hemorrhage (SAH). Angiography demonstrated that 4 of
the 6 fistulas were SDAVFs fed by the meningeal branch of the vertebral artery; the other 2 were
SPAVFs fed by the anterior spinal artery. Drainage was via the perimedullary vein of the
cervicomedullary junction.

RESULTS: An ascending venous route into the intracranial sinus was recognized in all 6
cases; in 3 the draining system contained varices. In 2 cases, the venous route was on the ventral
side of the brain stem with drainage into the cavernous sinus. In 4 cases, the venous route was

lateral at the brain stem with drainage into the inferior petrosal sinus.
CONCLUSION: SPAVFs and SDAVFs at the cervicomedullary junction that manifest an
ascending venous route into the intracranial sinus present an increased risk for SAH.

Arteriovenous fistulas in spinal regions are recog-
nized as spinal perimedullary arteriovenous fistulas
(SPAVFs) and spinal dural arteriovenous fistulas
(SDAVFs). SPAVF shunts are located on the surface
of the spinal cord; they are found most frequently in
the conus medullaris region. SDAVFs are located in
the dura matter of the nerve sleeve; they are often
found in the thoracolumbar region. Patients with
SPAVFs or SDAVFs usually present with gradual
worsening of symptoms such as pain and weakness of
the legs (1, 2). Cases with SPAVFs or SDAVFs at the
cervicomedullary junction are rare; several of them
presented with subarachnoid hemorrhage (SAH). Be-
cause there is little documentation regarding the
drainage patterns of these fistulas, we performed a
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retrospective, angiographic study of six such patients
to assess whether available angiographic data were
predictive of the risk for hemorrhage or ischemic
attack.

Patients and Methods

Since 1990, we have treated 113 patients with symptomatic
arteriovenous fistulas (AVFs) or dural arteriovenous fistulas
(DAVFs). In 6 patients, the fistulas were located at the cervi-
comedullary junction; 4 were SDAVFs and the other 2 were
SPAVFs. All 6 of these patients—5 men and 1 woman, ranging
in age from 54 to 75 years—suffered associated SAHs.

Clinical data on the 6 subjects of this study are presented in
Table 1. The treatment outcome was assessed at a mean of 6
months after surgery. All 6 patients underwent selective angio-
grams of the internal, external, vertebral, and thyrocervical
arteries to document the location of the fistulas. To obtain
detailed information on the location of the fistulas, their arte-
rial supply, and venous drainage pattern, we performed con-
tinuous-mode angiography (20 frames/s). In efforts to identify
factors that may have placed these patients at increased risk for
SAH, we retrospectively evaluated their clinical characteristics
and angiographic findings.

Table 2 provides a summary of 41 previously reported pa-
tients with SPAVFs or SDAVFs in the cervicomedullary junc-
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TABLE 1: Summary of the six cases with arteriovenous fistulas at the cervicomedullary junction

Patient No./

Outcome

Treatment

Related Sinus

Drainer

Fistula Point

SDAVF/SPAVF

Feeder

Symptom

Age (y)/Sex

GR

Drainer occlusion

Anteromedial medullary vein Superior petrosal sinus—

Jugular foramen

SDAVF

SAH Meningeal artery

1/61/M

cavernous sinus
Cavernous sinus

GR

Drainer occlusion

Anterior spinal vein

Petrosal vein

Jugular foramen

SDAVF

SAH Meningeal artery

2/56/M

MD

Drainer occlusion

Inferior petrosal sinus

Pontomedullary vein

Jugular foramen

SDAVF

Ascending pharyngeal artery

AH

S

3/75/M

Inferior petrosal vein

GR

Drainer occlusion

Inferior petrosal sinus

Anterior hemispheric vein
Lateral medullary vein
Lateral medullary vein

Jugular foramen

SDAVF

SAH Meningeal artery

4/68/M

GR
GR

Feeder occlusion

Inferior petrosal sinus

Jugular foramen—C1

SPAVF

Anterior spinal artery
Anterior spinal artery

SAH

5/54/M
6/56/F

Feeder occlusion

Inferior petrosal sinus

Lateral hemispheric vein
Inferior vermian vein

Jugular foramen-C1

SPAVF

SAH

SAH indicates subarachnoid hemorrhage; GR, good recovery; MD, moderately disabled; C, cervical; SDAVF, spinal dural arteriovenous fistula; SPAVF, spinal perimedullary arteriovenous fistula.
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tion. We paid special attention to the reported venous drainage
routes in these cases.

Results

Angiography demonstrated that in 4 patients with
SDAVFs (cases 1-4), the fistula was fed by the men-
ingeal branch of the vertebral artery or ascending
pharyngeal artery. The other 2 patients (cases 5 and
6) had SPAVFs that were fed by the anterior spinal
artery. Drainage was via the perimedullary vein of the
cervicomedullary junction. All 6 patients manifested
an ascending venous drainage route into the intracra-
nial venous system; in 3 cases the draining system
contained varices. In cases 1 and 2, the ascending
drainage route involved the anteromedial medullary
and anterior spinal vein and the superior petrosal
sinus, with final drainage into the cavernous sinus. In
the other 4 cases, the anterior spinal, anterior hemi-
spheric, lateral hemispheric, lateral medullary, pon-
tomedullary, and inferior petrosal vein were involved
in final drainage into the inferior petrosal sinus. In
cases 3-6, the ascending route was located on the
ventral and lateral side of the brain stem. The point of
the fistula in the 4 SDAVF cases was located on the
lateral side of the foramen magnum; in the 2 SPAVF
cases it was located between the foramen magnum
and the C1 portion in front of the anterior surface of
the upper cervical cord.

All 6 patients underwent direct surgery via the
posterior transcondylar fossa approach because it
makes possible the identification of abnormal vessels
in front of the medulla oblongata and vertebral artery
at the cervicomedullary junction. Before surgical co-
agulation, intraoperative angiograms were obtained.
These proved useful after temporary clipping of the
feeding artery (SPAVF cases) or the draining vessel
(SDAVF cases). In SPAVF cases with abnormal ves-
sels, the feeding artery was coagulated at a site just
proximal to the fistula point. The fistula point was
located at the site where the caliber of the vessel
changed. In SDAVF cases, the draining vein was
coagulated at a site just distal to the exit zone from
the dura mater. In all 6 patients, postoperative angio-
graphs revealed the complete disappearance of the
SPAVF or SDAVEF. The treatment outcome at 6
months after surgery was good in 5 patients; the other
patient remained moderately disabled because of ini-
tial damage of the medulla oblongata.

IHlustrative Cases

Case 1

This 61-year-old man experienced the sudden onset
of severe headache. On admission, CT showed SAH
involving mainly the posterior fossa. Angiography of
the left vertebral artery demonstrated an abnormal
vessel at the cervicomedullary junction. The feeding
arteries were the dural branches of the left vertebral
artery. Drainage was via the anteromedial medullary
veins into the superior petrosal sinus and finally the
cavernous sinus in the intracranial space. There were
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TABLE 2: Summary of reported patients with arteriovenous fistula of cervicomedullary junction

SDAVEF/ Ascending/
Study Age (y)/Sex Symptom SPAVF Descending Drainer
Asakawa et al, 2002 (5) 64/M Myelopathy SDAVF  Descending Spinal medullary veins
Do et al, 1999 (6) 50/M SAH SDAVF  Ascending Anterior medullary vein
Ernst et al, 1997 (7) 71/M Myelopathy SDAVF Descending Spinal medullary veins
47/M Myelopathy SDAVF Descending UD
S8/F Myelopathy SDAVF Descending Spinal medullary veins, superior
petrosal sinus
Fox and Allcock, 1978 (8) 54/M Tinnitus SDAVF  Descending Jugular vein, varix (+)
Gaensler et al, 1990 (9) 50/M Myelopathy SDAVF Descending Medullary vein
69/F Myelopathy SDAVF Descending Medullary vein
Guglielmi et al, 1988 (10) 62/F Tinnitus SDAVF Descending Jugular vein
Hahnel et al, 1998 (11) 67/M Myelopathy SDAVF  Ascending Anterior pontomesencephalic vein,
superior petrous sinus
Hashimoto et al, 2000 (12) 66/F SAH SDAVF  Ascending Perimedullary vein inferior
petrosal sinus
Inci et al, 2002 (13) 22/M Myelopathy SDAVF Descending Epidural vein
Kinouchi et al, 1998 (14) 10 cases SAH 7 cases SDAVF  Ascending: 6 Vatix: 4 cases
Ascending and
descending: 3
Descending: 1
Mascalchi et al, 1996 (16) 69/M Myelopathy SDAVF Descending Retromedullary vein, inferior
petrosal sinus
53/M Myelopathy SDAVF Descending Anteromedullary veins,
retromedullary veins
Miyoshi et al, 1999 (17) 70/F Myelopathy SDAVF Descending Anterior and posterior spinal veins
Niwa et al, 1997 (18) 61/F Asymptomatic ~ SDAVF Descending Medullary vein
61/M Cerebellar SDAVF Descending Medullary vein
ataxia
Oda et al, 1989 (19) 58/M Myelopathy SDAVF  Descending Medullary vein
Oishi et al, 1999 (20) 62/F Myelopathy SDAVF Descending Medullary vein
Partington et al, 1992 (21) 63/M Myelopathy SDAVF Descending Medullary vein
Pulido et al, 2004 (22) 62/M Myelopathy SDAVF  Descending Medullary vein
Rodesch and Lasjaunias, 2003 (23) 36/M Myelopathy SDAVF Descending Medullary vein
Slaba et al, 2000 (24) 36/M Myelopathy SDAVF UD Perimedullary veins
Symon et al, 1984 (25) 60/M Myelopathy SDAVF  Descending Perimedullary veins
Trop et al, 1998 (26) 74/M Myelopathy SDAVF Descending Anterior medullary vein
Vinuela et al, 1986 (27) 30/F Cerebellar SDAVF UD UD
dysfunction
Willinsky et al, 1990 (28) 36/F Myelopathy SDAVF Descending Anterior medullary vein
Bayrakci et al, 1999 (30) 4 mo/M Torticolis SPAVF Descending Anterior spinal vein
Heros et al, 1986 (31) 31/M Myelopathy SPAVF Ascending Anterior spinal vein
Hida et al, 2002 (32) 58/M SAH SPAVF Ascending UD
Nagashima et al, 1996 (33) 16/F Myelopathy SPAVF Descending Anterior spinal vein

SAH indicates subarachnoid hemorrhage: SDAVF, spinal dural arteriovenous fistula; SPAVF, spinal perimedullary arteriovenous fistula; UD,

unspecfied data.

no varices in the drainage route (Figs 1 and 2). Direct
surgery by using the left transcondylar fossa approach
exposed dural penetration by the left vertebral artery
and a dilated anterior spinal vein in front of the
medulla oblongata. Because the fistula point was lo-
cated at the site where the left vertebral artery pen-
etrated the dura, a diagnosis of SDAVF was made.
After coagulation of the feeding arteries at the dura
mater, the color of the draining veins changed from
red to dark blue. Finally, the draining veins were
coagulated at a site distal to the fistula. Angiography
of the left vertebral artery, performed in the operat-
ing room immediately following the procedure,
showed disappearance of the abnormal vessels.

His postoperative course was uneventful. Angiograms
after treatment confirmed the disappearance of the

SDAVF (Fig. 3). This patient suffered no neurologic
deficits and was able to resume his normal life.

Case 5

This 54-year-old man experienced the sudden onset
of severe headache. On admission, CT showed SAH.
Angiography of the left vertebral artery demonstrated
an abnormal vessel at the cervicomedullary junction.
The feeding artery was the anterior spinal artery.
Drainage was via the lateral medullary veins into the
inferior petrosal veins in the intracranial space and
finally into the inferior petrosal sinus. The caliber of
the feeding artery changed at the fistula point. The
drainage route contained no varices (Figs 4 and 5).
Direct surgery was performed via the left transcondy-
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Fic 1. Left vertebral angiogram (early
phase), showing abnormal vessels at the
cervicomedullary junction. The feeding ar-
tery is the meningeal branch of the vertebral
artery and ascending drainage route was
recognized (arrowhead).

Fic 2. Left vertebral angiogram (late
phase), showing shunt flow draining retro-
gradely into the left superior petrosal sinus
(arrowhead)).

Fic 3. Postoperative left vertebral angio-
gram, demonstrating complete disappear-
ance of the abnormal vessels.

Fic 4. Left vertebral angiogram (early
phase), showing abnormal vessels at the
cervicomedullary junction. The feeder, the
anterior spinal artery, feeds directly into the
lateral medullary vein (arrow).

Fic 5. Left vertebral angiogram (late
phase), showing shunt flow draining retro-
gradely into the bilateral inferior petrosal
vein (arrowhead).

Fic 6. Postoperative left vertebral angio-
gram, demonstrating complete disappear-
ance of the abnormal vessels.

lar fossa approach. The feeding anterior spinal artery
was located in front of the medulla oblongata. Be-
cause it fed into the anterior spinal vein, a diagnosis
of SPAVF was made. Upon temporary clipping of the
anterior spinal artery, the color of the anterior spinal
vein changed from red to blue. Because intraopera-
tive angiography, performed with the clip in place,
showed disappearance of the SPAVF, the anterior
spinal artery was clipped at a site just proximal to the
fistula.

His postoperative course was uneventful, and an-

AJNR: 26, September 2005

giography after his surgical treatment revealed disap-
pearance of the SPAVF (Fig 6). He suffered no neu-
rologic deficits and was able to resume his normal life.

Discussion

Arteriovenous fistulas in spinal regions are recog-
nized as SPAVFs and as SDAVFs. In cases with
SPAVFs, the shunt is located on the surface of the
spinal cord; these fistulas are located in the conus
medullaris region. SDAVFs are located in the dura
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mater of the nerve sleeve; they occur in the thoraco-
lumbar region. Patients with SPAVFs and SDAVFs
usually experience the gradual worsening of symp-
toms, such as pain and weakness of the legs; hemor-
rhagic onset is rare (1-3). Berenstein and Lasjaunias
(4) reviewed 172 patients with SDAVF located in the
thoracic-, lumbar-, or sacral area; none of these pa-
tients suffered SAH. Myelopathy remains the pre-
dominant presenting symptom. On the other hand, 10
of 41 previously reported patients with SDAVFs (5-
29) or SPAVFs (30-33) at the cervicomedullary junc-
tion suffered SAHs. If we include our 6 patients, the
incidence of SAH in these patients is 34% (Table 2),
which suggests that the location of these fistulas at the
cervicomedullary junction plays a role.

We carefully re-examined angiographic findings on
6 patients with SPAVF and SDAVF at the cervicome-
dullary junction. All 6 experienced SAH, and in all 6
the venous route displayed the angiographic charac-
teristic of an ascending drainage route into the intra-
cranial sinus system. We recognized 2 types of venous
routes. In the first, the route involved the ventral side
of the brain stem with final feeding into the cavernous
sinus. The second type consisted of a lateral venous
route with final feeding into the inferior petrosal
sinus. Both types of routes involved final drainage
into the intracranial sinus via an ascending drainage
route.

In the 41 previously reported cases of SDAVF and
SPAVF at the cervical or cervicomedullary junction,
venous drainage was via an ascending route in 11, both
an ascending and descending route in 3, and a descend-
ing route in 25 (Table 2). In the 2 remaining cases, the
drainage route was undetected. It is worth noting that all
patients with SAHs manifested the ascending route of
venous drainage. In 7 cases, the ascending route finally
drained into the intracranial sinus. If we include ours,
there were 16 patients with SDAVF at the cervicome-
dullary junction who suffered SAHs; in 13 (81.2%) the
drainage route was ascending with final drainage into
the intracranial sinus.

We have elsewhere provided angiographic evidence
of the existence of 2 types of retrograde leptomeningeal
venous drainage (RLVDs) in intracranial DAVFs (34,
35). In type 1, RLVD is into more than one venous sinus
and in type 2, RLVD is into a single venous sinus.
Patients with type 1 RLVD experienced hemorrhagic
episodes at a high rate, whereas no patients with type 2
RLVD suffered hemorrhage. Angiographically, type 1
patients manifested one or more varices in the RLVD
route; type 2 patients had no varices. We speculate that,
in type 1 patients, a precipitous increase in retrograde
venous flow immediately brought about an increase in
hemodynamic stress, varix formation, and the develop-
ment of hemorrhage or neurologic deficits. Our earlier
histopathologic study (36) showed that, in type 1 pa-
tients, the thickness of the vessel wall was extremely
irregular, which suggests that these vessels are at in-
creased risk for developing varices in the RLVD route
and for hemorrhagic episodes. On the other hand, in
type 2 RLVDs, the volume of retrograde venous drain-
age is low because of the absence of an accessory route.

Therefore, retrograde venous flow does not increase
markedly and venous perfusion becomes impaired
slowly over a longer period without bleeding. Patholog-
ically, the entire media was thickened and there was
prominent local intimal thickening in these patients
(36). This may render them less vulnerable to the de-
velopment of varices and hemorrhagic episodes.

We suspected that the venous drainage pattern in
patients with SDAVF and SPAVF at the cervi-
comedullary junction played a role in their vulner-
ability for hemorrhage. Therefore, we examined
their retrograde venous drainage (RVD) patterns
closely and found that there were 2 types of RVD.
In type 1, drainage is via an ascending route into
the intracranial region with final drainage into the
petrosal or cavernous sinus. This pattern is similar
to the type 1 RLVD we reported earlier (36). We
postulate that, as in type 1 RLVD, the drainage
volume is increased in type 1 RVD, rendering these
patients with SDAVF or SPAVF at the cervicome-
dullary junction vulnerable to bleeding. In patients
with SDAVFs or SPAVFs that drained via a de-
scending route, RVD did not drain into the intra-
cranial sinus. This draining pattern resembles type
2 RLVD. These patients experienced no hemor-
rhagic events, because the draining volume was not
high (16, 20). In patients with SDAVFs or SPAVFs
at the thoracolumbar region there was no RVD
into the intracranial sinus and these patients also
did not experience hemorrhagic onset (4).

Cognard et al (37) described the correlation be-
tween the symptoms and various angiographic pat-
terns in patients with intracranial DAVF. Type V,
featuring descending spinal venous drainage, pro-
duced progressive myelopathy in 6 of 12 cases. On the
other hand, in 5 of 12 patients with hemorrhage there
was no descending spinal venous drainage. Kinouchi
et al (14) described the connecting pathway between
the pontomesencephalic venous system and both the
anterior and posterior veins of the spinal cord in
DAVF at the cervicomedullary junction. Angio-
graphic studies on patients with only myelopathy
showed that the shunt drained inferiorly into a single
enlarged spinal medullary vein and that venous flow
was slow. On the other hand, in patients with SAH,
venous drainage was mainly superiorly into the intra-
cranial sinus, and the venous flow was fast. In addi-
tion, some of their patients with SAH manifested
varices on the draining vein. Intracranial drainage is
associated with relatively fast venous flow and in-
creased hemodynamic stress may lead to the forma-
tion of varices on the draining vessels and result in
SAH.

We postulate that the anatomic location of SPAVF
and SDAVF and their drainage patterns play an im-
portant role in placing patients at risk for hemor-
rhage. Our study showed that, among patients with
SPAVF or SDAVF at the cervicomedullary junction,
those with an ascending drainage route are at partic-
ularly high risk for SAH.
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Conclusion

SPAVFs and SDAVFs at the cervicomedullary

junction tended to present with hemorrhagic onset.
On the other hand, patients with SPAVFs or
SDAVFs in the thoracolumbar region usually experi-
enced gradual neurologic worsening. We postulate
that the anatomic location of SPAVF and SDAVF
and their drainage patterns play an important role in
placing patients at risk for hemorrhage and that pa-
tients with SPAVFs or SDAVFs at the cervicomed-
ullary junction that manifest an ascending drainage
route are at particularly high risk for SAHs.
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