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S
pinal arteriovenous malformations are classified 
into 4 major types according to anatomical charac-
teristics: dural AVFs, intramedullary AVMs, peri-

medullary AVFs, and extradural AVFs.14,18,24,26,28 Patients 
with dural AVFs generally present with slowly progres-
sive myelopathy, whereas those with intramedullary 
AVMs or perimedullary AVFs commonly present with in-
tramedullary and/or subarachnoid hemorrhage.24 In dural 
AVFs, it is commonly accepted that increased medullary 
venous pressure by arterial blood reflux into the intradu-
ral veins is responsible for the progressive myelopathy;11 
therefore, interrupting these AVFs to block all abnor-
mal pathways into intradural veins is the goal of treat-

ment.1 In intramedullary AVMs and perimedullary AVFs, 
hemorrhage may be caused by high-flow lesions; thus, 
the interruption of perimedullary AVFs, removal of the 
nidus, and treatment with the CyberKnife system have 
been reported.18 Spinal extradural AVFs are defined as an 
abnormal direct connection between an artery or arteries 
and the extradural venous plexus within the spinal canal 
and/or intervertebral foramen. The mechanisms of my-
elopathy include venous hypertension,3,4,6,7 mechanical 
compression,5 and the vascular steal effect.2

Recently, it has been reported that spinal extradural 
AVFs can be divided into Types A and B according to 
the presence or absence of intradural venous drainage 
(Fig. 1).22 Patients with Type A extradural AVFs gener-
ally present with venous congestive myelopathy due to the 
presence of intradural venous reflux,7 whereas those with 
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Type B AVFs consisted of high-flow, multiple complex anastomoses between arteries and the epidural venous plexus, 
patients with these lesions tended to undergo multisession treatments, and the rate of partial AVF occlusion was sig-
nificantly higher than for Type A AVFs (p = 0.018), although there was no difference in symptom outcomes between 
the 2 groups.

Conclusions. To the best of the authors’ knowledge, a comparative analysis of the clinical differences in patients 
with extradural AVFs with or without intradural venous drainage has yet to be described in the literature. They con-
cluded that in the diagnosis of spinal extradural AVF, evaluation of intradural venous drainage is important because 
the cause of myelopathy determines the treatment goals.
(http://thejns.org/doi/abs/10.3171/2012.2.FOCUS1216)
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Abbreviations used in this paper: AVF = arteriovenous fistula; 
AVM = arteriovenous malformation.

Unauthenticated | Downloaded 08/23/22 12:03 PM UTC



K. Takai and M. Taniguchi

2                                                                                                                      Neurosurg Focus / Volume 32 / May 2012

Type B lesions present with compressive myelopathy or 
radiculopathy due to compression of the thecal sac or root 
sleeves by an enlarged extradural venous plexus. 

Because spinal extradural AVFs are much rarer than 
other types of spinal AVMs, the available literature on 
this clinical entity has been based only on case reports or 
small case series. The aim of this study was to systemati-
cally review these cases and investigate the clinical dif-
ferences between patients with Type A and Type B spinal 
extradural AVFs for clinical features, neuroradiological 
findings, including angiography and MRI, treatment, and 
outcome.

Methods
To investigate the clinical characteristics of pa-

tients with spinal extradural AVFs, we systematically 
reviewed the associated literature in the MRI era. Two 
reviewers (K.T. and M.T.) searched the PubMed data-
base for all relevant English-language case reports and 
case series published from 1990 to 2011 by using text 
word-based searches with the terms “spinal epidural 
arteriovenous fistula OR spinal epidural arteriovenous 
malformation OR spinal extradural arteriovenous fistula 

OR spinal extradural arteriovenous malformation AND 
(“1990”[Date - Publication]: “2011”[Date - Publication]) 
AND English[Language].” Since spinal extradural AVF 
is defined as a spontaneous abnormal direct connection 
between an artery or arteries and the extradural venous 
plexus within the spinal canal and/or intervertebral fo-
ramen,7,14,22,26 case reports and case series on intradural, 
extraspinal, posttraumatic, and postoperative AVFs were 
excluded. Moreover, case reports and case series on spi-
nal extradural AVFs with no clear description of angio-
graphic or MRI findings were excluded.

The clinical course of and neuroradiographic images 
for patients with Type A and Type B spinal extradural 
AVFs were statistically compared for clinical presenta-
tions, angioarchitecture, MRI findings, treatment, and 
outcome. A Fisher exact test and Mann-Whitney U-test 
were used as indicated for statistical analysis of the data. 
The SPSS II for Windows software (SPSS Japan, Inc.) 
was used for statistical analysis. A p value < 0.05 was 
considered significant.

Results
Our systematic review revealed 45 cases of spinal ex-

tradural AVFs with a clear description of clinical course 
and neuroradiological findings.2–10,12,13,15–17,19–23,25,27,29–32 
These cases were divided into 2 groups: those with and 
those without intradural venous drainage, 22 and 23 cases 
respectively (Tables 1 and 2).

Several dissimilarities in the clinical features and 
neuroradiographic findings of the 2 groups were evident 
(Table 3). Type A spinal extradural AVFs with intradu-
ral venous drainage were diagnosed in significantly older 
patients (mean 63.5 years) as compared with Type B le-
sions (mean age 34.3 years; p < 0.0001, Fisher exact test). 
Most cases (20 [91%] of 22 cases) with Type A lesions 
exhibited a diffuse high signal intensity of the spinal cord 
on T2-weighted MR images (p < 0.0001, Fisher exact 
test) and no mass effect (20 [91%] of 22 cases), compared 
with cases with Type B lesions. Furthermore, most Type 
A cases (18 [82%] of 22 cases) appeared in the thoraco-
lumbar and lumbar regions (p < 0.0001, Mann-Whitney 
U-test; Fig. 2). On the other hand, most cases (21 [91%] of 
23 cases) with Type B spinal extradural AVFs without in-
tradural venous drainage exhibited a normal signal inten-
sity of the cord with severe mass effect due to an enlarged 
extradural venous plexus; they commonly occurred in the 
cervical and upper thoracic regions (18 [78%] of 23 cas-
es), frequently in patients with neurofibromatosis Type 1 
(5 [22%] of 23 cases; p = 0.049, Fisher exact test). Patients 
with Type B lesions tended to undergo multisession treat-
ments, and the rate of partial AVF occlusion was signifi-
cantly higher (5 [26%] of 19 cases) than in Type A AVFs 
(p = 0.018, Fisher exact test), although there was no differ-
ence in symptom outcomes between the 2 groups.

Discussion
In this study, we described the clinical differences 

between patients with Type A and Type B spinal epidural 
AVFs, especially regarding clinical features, neuroradio-

Fig. 1. Illustration showing the 2 different types of spinal extradural 
AVFs with or without intradural venous drainage. Printed with the per-
mission of Keisuke Takai, 2012.
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logical findings, treatment, and outcome (Table 3 and Fig. 
2). To the best of our knowledge, a comparative analy-
sis of the clinical differences in patients with extradural 
AVFs with or without intradural venous drainage has yet 
to be described in the literature. The characteristics of 
these 2 groups follow.
Type A: Extradural Spinal AVF With Intradural Venous 
Drainage

Type A extradural AVFs with intradural venous 
drainage are diagnosed in patients around the 6th decade 
of life and generally exhibit a diffuse high signal intensity 
change of the spinal cord on T2-weighted MR images; 
mass effect is rarely seen.3,6,7,9,10,13,16,21–23,25 Venous conges-
tion is presumed to be a primary cause of myelopathy in 
these patients, which is similar to cases of dural AVFs.1,11 
Therefore, these patients should be treated by interrupt-
ing the proximal site of intradural venous drainage as it 
enters the subarachnoid space, as in dural AVFs,1,11 as well 
as extradural AVFs, to completely block venous reflux via 

direct microsurgery or endovascular embolization. These 
lesions are seen mainly in the thoracolumbar and lumbar 
regions, which is also similar to dural AVFs. The reason 
that Type A extradural AVFs are seen mainly in the lower 
spinal region may be attributable to a rich vascular net-
work between the intradural and extradural venous sys-
tems in this region. Because the clinical characteristics 
of patients with Type A extradural AVFs are very similar 
to those of patients with dural AVFs in terms of age at 
diagnosis, location of the AVF, and MRI findings,1,11,14,26 a 
relevant differential diagnosis of these lesions should be 
carefully made.
Type B: Extradural Spinal AVF Without Intradural Venous 
Drainage

Type B extradural AVFs without intradural venous 
drainage are diagnosed in patients around the 3rd de-
cade of life, generally exhibit a normal signal intensity 
of the spinal cord on MR images, and cause severe mass 
effect due to an enlarged extradural venous plexus, sug-

TABLE 1: Summary of clinical characteristics in patients with Type A spinal extradural AVFs with intradural venous drainage*

Authors & Year

Age (yrs), 

Sex Presentation

Location of  

Extradural  

Veins Feeders

Intradural  

Venous  

Drainage

Diffuse T2 

Signal High 

on MRI

Mass  

Effect  

on MRI Treatment (materials) Outcome

Rangel-Castilla et  

 al., 2011

80, M myelopathy L-5 L-5 LA + + – microsurgery, emboliza- 

 tion (Onyx)

improved

72, M myelopathy L2–3 L-2, L-3 LA + + – embolization (Onyx) improved

53, F myelopathy T-12 T-12 SA + + – embolization (Onyx) same

69, M myelopathy L1–2 L-1 LA + + – embolization (Onyx),  

 microsurgery

improved

Clarke et al., 2009 65, M myelopathy L3–4 L-3 LA + + – microsurgery improved

70, M myelopathy L-4 L-4 LA + + – microsurgery, emboliza- 

 tion (NBCA)

improved

61, F calf pain L-3 L-3 LA + + – microsurgery improved

77, M myelopathy L-3 L-3 LA + – – microsurgery improved

53, F myelopathy L4–S1 L-4 LA + + – microsurgery 2 times improved

76, M myelopathy L4–5 L-4 LA + + – microsurgery improved

Kawabori et al., 2009 65, F radiculopathy C5–6 C-5, -6 RA + – + embolization (NBCA) improved

Silva et al., 2007 60, F myelopathy T-12 T-12 SA + + – embolization (G&L) same

68, M myelopathy L2–3 L-2, -3 LA + + – embolization (G&L) improved

69, M myelopathy T11–L1 T-11 IA, T-12  

 SA, L-1 LA

+ + – embolization (coils) improved

Reul & Braun, 2007 68, F myelopathy L1–2 L-1 LA + + – embolization (NBCA) improved

Krings et al., 2006 78, M myelopathy L3–4 L-3 LA + + – microsurgery improved

Chul Suh et al., 2004 21, F myelopathy L1–3 L-1, -2, -3 LA + + – embolization (coils) improved

Goyal et al., 1999 73, M myelopathy S-1 S-1 LSA + + – microsurgery improved

70, M myelopathy T-12 T-12 SA + + – microsurgery improved

Pirouzmand et al.,  

 1997

72, M myelopathy S-1 S-1 LSA + + – embolization (NBCA),  

 microsurgery

improved

Cognard et al., 1995 17, F back pain T5–L5 L-5 LA + + + embolization (balloon) improved

Arnaud et al., 1994 60, M myelopathy L2–4 L-3 LA + + – embolization (histoacryl) improved

* Total occlusion was achieved after treatment in all cases. Abbreviations: G&L = Glubran and Lipiodol; IA = intercostal artery; LA = lumbar artery; LSA 

= lateral sacral artery; NBCA = N-butyl 2-cyanoacrylate polymer; RA = radicular artery; SA = subcostal artery; + = present; − = absent.
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gesting compressive myelopathy.2,4,5,8,10,12,15,17,19,20,22,27,29–32 
Therefore, patients with these lesions should be treated 
with decompression of the spinal cord by shrinking the en-
larged extradural venous plexus to reduce mass effect, al-
though no intradural procedure is required. These lesions, 
which are fed by vertebral, ascending cervical, and deep 
cervical arteries and exhibit high flow, are seen mainly in 
the cervical and upper thoracic regions.4,5,8,10,12,20,22,27,29–31 
In some cases, patients with these lesions present with 
acute epidural hematomas. Because Type B AVFs con-
sist of high-flow, multiple complex anastomoses between 
these arteries and the epidural venous plexus, these le-
sions tend to require multisession treatments, including 
endovascular embolization with some kind of embolic 
material, direct microsurgical ligation of the lesions, and/
or laminectomy.2,4,5,10,17,20,27
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