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Abstract 

Spinal epidural arteriovenous fistula (SEDAVF) is a novel clinical 
entity that is distinct from spinal dural arterovenous fistula, although 
both diseases manifest as venous congestive myelopathy. We 
reviewed nine cases of SEDAVF to elucidate its pathogenesis 
and radioanatomic features and to optimize treatment strategy. All 
cases exhibited similar angioarchitecture, with a single shunt at the 
epidural venous plexus that drains into the intradural perimedullary 
vein and connects to the ventral spinal vein. Interestingly, all lesions 
were located on the ventral side of the lower lumber and sacral 
region, and shunts were located ventrally in association with the 
epidural pouch suspected to be isolated as extradural venous lake. 
This may be the result of the specificity of the feeding artery and a 
congenital shift in the distribution of the venous drainage system 
at the terminal film and conus. We explored two options for the 
treatment for SEADF: endovascular transarterial embolization and 
surgical shunt interruption. Among our patients, three were treated 
using the endovascular approach and six were treated with surgery. 
While both treatments were effective at improving symptoms, the 
delay between disease onset and diagnosis precluded a complete 
cure. Early diagnosis and adequate treatment based on precise 
knowledge of the angioarchitecture and pathogensis of SEDAVF is 
essential for improved outcomes.
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Introduction 
Spinal epidural arteriovenous fistula (SEDAVF) is a novel category 

of spinal arteriovenous shunt disease. Its clinical symptoms are similar 
to those of spinal dural AVF (SDAVF) resulting from congestive 
myelopathy, resulting in the frequent misdiagnosis of these diseases. 
Recent reports have revealed differences between these two disorders 

[1-5]. Typical and classical SDAVF is characterized by a single shunt 
on the dura at the penetration site of the emissary vein (EV) that 
drains into the spinal vein (SV). In contrast, SEDAVF is characterized 
by a single shunt at the epidural venous plexus that drains into the 
intradural perimedullary vein and connects to the spinal vein at the 
upper level. Here, we review several cases of SEDAVF to clarify its 
pathogenesis and radioanatomic features and discuss treatment 
strategies.

Materials and Methods
We treated 9 patients diagnosed with SEDAVF between 2007 to 

2016 at Nagoya University, Osaka Medical College and Aichi Medical 
University hospitals. Cases of perimedullary AVF and paravertebral 
AVF were excluded. Patients with SDAVF were excluded based on 
meticulous radioanatomical study. The shunt point was defined by 
preoperative selective spinal angiography. In cases treated surgically, 
the diagnosis was confirmed in the surgical field.

Patients were treated with surgery or using an endovascular 
approach. Surgeries were performed in a hybrid operation room 
using angiography equipment. First, spinal angiography for the 
impaired artery was performed to confirm the target. Patients 
underwent laminectomy and microsurgical intradual interruption of 
the shunting vein by clip and/or coagulation while being monitored 
for somatosensory-evoked and motor-evoked potentials as well as 
using the ICG dying method. Complete obliteration of the shunt was 
confirmed via intraoperative selective angiography. Endovascular 
treatment was performed in the angiography room. After 
conventional spinal angiogram, a microcatheter was inserted into a 
feeder and advanced as close as possible to the shunt. A dilute n-butyl 
2-cyanoacrylate (NBCA) mixture containing lipiodol was injected to 
penetrate the shunt point. 

Results 
Patients included six males and three females ranging in age from 49 

to 84 years (mean age, 67.8 years). All patients presented with progressive 
myelopathy due to spinal congestion, including various degrees of 
paraparesis, monoparesis of the lower limb, sensory disturbance, and 
bowel/bladder dysfunction (Table 1). The degree of severity of these 
symptoms was evaluated based on the Aminoff-Logue Disability Scale 
[6]. The metameric level of the manifesting neurological symptoms 
largely corresponded to the extent of pathological change in cord swelling 
and hyperintensity determined by MRI T2-weighted imaging. The shunt 
point was located in the lumber region in seven patients (L1: 1; L2: 1; L3: 
3; and L4: 4) and in the sacral region in two patients. Four of the lumber 
lesions were located on the left side. Eight of nine lesions were associated 
with the extradural pouch on the ventral side. Shunt flow penetrated the 
dura primarily at the ventral nerve root and drained into an abnormally 
expanded radiculmedullary/ perimedullary vein, then flowed upward 
on a ventral course and connected with the spinal venous system at the 
conus level. Six patients underwent direct surgical obliteration, and three 
received endovascular treatment. All shunts except one who underwent 
incomplete occlusion with failed embolization were successfully 
occluded. The symptoms improved to various degrees in seven patients; 
one patient experienced persistent deficits even after successful surgical 
obliteration. 
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Representative Cases
Case 1

An 84-year-old male suffered from a progressive gait disturbance 
that was diagnosed as lumber canal stenosis. He could not stand 
unaided and presented paraparesis and dysesthesia of the lower limbs 
and severe bowel-bladder dysfunction. A spinal angiogram revealed 
an abnormal shunt at the level of left second lumbar artery. The 
radicular artery formed a pouch on the ventral side, and the shunt 
flow was directed through the abnormally developed perimedullary 
vein that was refluxed to the spinal veins at level T12. We navigated the 
microcatheter to the shunt point and injected a 33% NBCA mixture. 
Embolic material penetrated into the pouch and the intradural venous 
system. Postembolization angiogram indicated complete occlusion of 
the shunt. Marked improvement of the neurological symptoms was 
observed postoperatively, and the patient regained the ability to walk 
with a cane (Figure 1). 

Case 5 

A 73-year-old male presented with a mild gait disturbance 
accompanied by storong hypalgesia of both legs with uriniary 
incontinence. Angiogram demonstrated a single shunt fed by the 
branch of the radicular artery at the right third lumber artery that 
connected to the perimedullary vein via a small extradural pouch on 
the ventral side. Upward perimedullary veins were connected and 
refluxed to the ventral spinal veins. After surgical interruption of the 
intradural entry of the drain, the patient’s sensory disturbance was 
much improved (Figure 2). 

Discussion
SEDAVF is a rare clinical entity among spinal arteriovenous 

shunt diseases, accounting for approximately 1.6% of all spinal 
arteriovenous malformations (AVMs) [7]. The clinical characteristics 
of SEAVF are highly similar to those of patients with SDAVF in terms 
of age at diagnosis, clinical manifestation, and MRI findings. Thus, 
diagnosis of SEAVF is very difficult and occasionally takes a long time 
to obtain the precise diagnosis. 

The formation and progression of DAVF have been subject to 
much speculation. We support the hypothesis that over time, the 
external drainage routes at the initial shunt point occlude the emissary 
vein and venous sinus [8]. The resultant hemodynamic change leads 
to increasingly aggressive reflux into the cortical veins. As in cases of 
SDAVF, when the emissary vein is spontaneously occluded, the AV 
shunt begins to reflux into spinal veins, resulting in marked venous 
congestion. It is reasonable to conclude that SEDAVF progresses along 
a similar path. Rangel-Castilla et al. identified three types of SEDAVF: 

Neurological Dysfunction
Case No. age gender laterality shunt level motor sensory BBD treatment posope. clinical state
1 84 M L L2 +++ ++ ++ E improvement
2 65 M R L3 ++ ++ ++ E improvement
3 65 M R L4 ++ ++ +++ E improvement
4 49 F L L1 +++ +++ +++ S improvement
5 73 M R L3 + +++ +++ S improvement
6 69 M L L4 ++ ++ ++ S improvement
7 70 M L L3 +++ +++ +++ S no change
8 68 F R sac +++ ++ +++ S improvement
9 67 F L sac ++ ++ +++ S improvement

Table 1: Patient summary.

Figure 1: Case 1- Selective angiogram of the left second lumber artery 
shows an epidural AVF with an epidural pouch (asterisk) draining into the 
perimedullary vein (A: lateral view, B: antero-posterior view). Note that the 
perimedullary vein reflux connects and refluxes to the spinal vein at the level 
of T12 (double arrows). After injection of 33% of NBCA into the pouch and 
intradural vein (C), the shunt was gone (D). Post-operative CT (D) shows the 
cast of glue located at the ventral epidural edge of the spinal canal (white 
arrow).

Figure 2: Case 2-Preoperative T2-weighted MR image (A) of the spine shows 
hyperintensity in the spinal cord and dilated vessels at the ventral side (white 
arrow). Selective angiogram of the left L3 lumber artery (B) and 3-dimensional 
angiogram (C) demonstrated an epidural AVF with a pouch (asterisk) draining 
into the perimedullary vein (arrows) and connection with spinal veins (double 
arrows). Note the marked stagnation of spinal veins in the late phase of selective 
angiogram (D). Intraoperative angiogram after the interruption of the intradural 
drainer showed the disappearance of the shunt (E).  

Type A, a SEAVF characterized by intradural refluxed drainage; and 
Types B1 and B2, which are SEAVFs characterized by a mass effect on 
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the thecal sac and/or nerve roots, and SEAVFs in which no mass 
effect is observed [9]. According to this classification, SEDAVF 
may progress in stages to Type B2, then Type B1, and finally Type 
A. Clinical manifestations of SEAVF with neurological symptoms 
are typically Type A; all the patients in our series were classified 
as Type A. 

SEDAVFs typically drain on the ventral side through a single 
radiculmedullary/perimedullary vein then causes reflux into the 
spinal veins. This pattern differs from that of SDAVF, which mainly 
refluxes to the posterior spinal veins though a direct connection. One 
of the causes of this distinction is the location of the feeder. Kiyosue et 
al. noted that the main feeder of SEDAVF is the dorsal somatic branch, 
which is located on the ventral side [5]. Furthermore, the large ventral 
emissary vein is mainly located at L2, where venous networks at the 
terminal film well typically develop on the ventral side and are rarely 
present dorsally [10]. 

Another characteristic that may be unique to SEDAVF is pouch 
formation at the extradural venous plexus. In these cases, the pouch 
might originally have served as a centrifugal drainage pathway but 
gradually occluded to form an isolated lake, as in cases of aggressive 
intracranial DAVF. The angioanatomic structure of the pouch and 
its maturation process correspond to the ventral type of DAVF at 
the cavernous sinus and anterior condylar confluence, based on 
the craniospinal epidural venous classification system [11,12]. The 
external venous plexus exists in the space between the dorsal vertebra 
and ventral dura matter but rarely extends laterally and dorsally, and its 
position may correlate with the ventral location of SEDAVF. However, 
the connection between the pouch and the intradual perimedullary 
veins is not always via the radicular vein but the rather per the dura, 
according to surgical data obtained for our series of patients. The 
pathological significance of these lacunar spaces and the mechanism 
of their formation and connection to the intradual venous system are 
complicated and remain controversial [13].

Previous studies of SEDAVF have included both congenital and 
acquired lesions [5,7,10]. It has been determined conclusively that 
paravertebral invasive AVF is located extradurally and drains to the 
external venous system, including the paravertebral venous plexus 
or azygos veins. However, these osseous or osetolytic high flow 
fistulae are often located in the cervico-thoracic area or exhibit a 
multi-metameric distribution, as in cases of neurofibromatosis type 
I or Cobb’s syndrome. These are completely congenital and genetic 
vascular disorders and as such should be differentiated from the cases 
of acquired developing SEDAVF that are the focus of this article. 

SEDAVFs occasionally require rapid treatment when they are 
highly progressive and result in profound neurological deterioration. 
The goal of such treatment is to reliably occlude the shunt point or 
to drain the intradural space. For the treatment of SEDAVF, there 
are two useful options: a surgical and an endovascular approach. In 
our series, one case was treated with glue embolization, which failed 
to occlude the shunt completely. Fortunately, the decrease of shunt 
flow yielded a sufficient improvement in neurosurgical symptoms, 
although recurrence is highly likely. Previous reports have described 
the usefulness of endovascular embolization using liquid embolic 
materials [3,5,14]. Another report has recommended minimum 
invasive surgical treatment [15]. From a technical point of view, 
pinpoint and radical occlusion at the entry to the intradural drain 
is easier to achieve via surgical interruption than endovascular 

embolization because the glue used for embolization sometimes stops 
in the proximal feeder and fails to reach the shunt point. We therefore 
first attempt endovascular treatment as a less invasive therapy, and 
follow up with radical surgery in cases of failure. 

Conclusion
SEDAVF exhibits peculiar radioanatomic features that differ from 

SDAVF, despite the similar clinical manifestations of the disorders. 
Most patients with SEDAVF in our series suffered from long-term 
progressive neurological symptoms due to misdiagnosis or the 
failure of the final diagnosis. SEDAVF is a radiologically treatable 
disease, although the rate of complete recovery is not high. Early 
diagnosis and adequate treatment based on a precise understanding 
of the angioarchitecture and pathogensis of SEDAVF is essential for 
improving patient outcomes.
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