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Spinal Epidural Arteriovenous Fistula with Perimedullary
Venous Reflux: Clinical and Neuroradiologic Features of an
Underestimated Vascular Disorder

M. Mull, A, Othman, “*'M. Dafotakis, ““'F.-J. Hans, “* G.A. Schubert, and “*'F. Jablawi

ABSTRACT

BACKGROUND AND PURPOSE: The purpose of this study was to discuss the clinical and radiologic characteristics of spinal epidural
arteriovenous fistulas (SEAVF) and demonstrate their specific angiomorphology in a single-center series.

MATERIALS AND METHODS: Thirteen consecutive patients were diagnosed with SEAVF at RWTH Aachen University Hospital between
2006 and 2018 and were included in this study. All patients had MR imaging and DSA before treatment; 10 of these 13 patients received
contrast-enhanced MRA (CE-MRA).

RESULTS: The mean patient age was 72 = 8 years. Paraparesis was present in 12 (92%) patients. Sphincter dysfunction and sensory
symptoms were observed in 7 (54%) and 6 (46%) patients, respectively. The mean duration of symptoms was 6 = 8 months. Congestive
myelopathy on MR imaging was present in all patients. Prominent arterialized perimedullary veins were demonstrated in only 3 cases.
CE-MRA revealed arterialized perimedullary veins and an arterialized epidural pouch in 9/10 (90%) patients, mostly located ventrolaterally.
DSA demonstrated a multisegmental extension of the arterialized ventrolateral epidural pouch in 6 (46%) cases. An intradural radicular
drainage vein was localized distant from the original fistula point in 3 (23%) patients.

CONCLUSIONS: Congestive myelopathy with an acute/subacute clinical course was the dominant finding in spinal epidural arterio-
venous fistulas. CE-MRA is a powerful diagnostic tool for identifying arterialized perimedullary veins as well as an arterialized epidural
pouch. While arterialized perimedullary veins frequently present with only mild enlargement and elongation in spinal epidural arterio-
venous fistulas, the arterialized epidural pouch is frequently located ventrolaterally and may extend over several vertebral levels. DSA
remains the criterion standard to precisely visualize a spinal epidural arteriovenous fistula and its intradural radicular drainage vein, which
may be located distant from the fistulous point.

ABBREVIATIONS: AV = arteriovenous; CE-MRA = contrast-enhanced MRA; SDAVF = spinal dural arteriovenous fistula; SEAVF = spinal epidural arteriovenous

fistula

arious classifications have been established for spinal vascular
malformations and fistulas based on their vascular supply, ve-
nous drainage pattern, and nidus location and morphology. The
most common classification of spinal vascular diseases was devel-
oped by Oldfield and Doppman in 1988." They classified these
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lesions into 4 types comprising classic spinal dural arteriovenous
fistulas (SDAVFs), glomus arteriovenous malformations, congeni-
tal juvenile arteriovenous malformations, and perimedullary arterio-
venous fistulas. The much rarer spinal epidural arteriovenous fistulas
(SEAVFs) were not included in this classification.

In contrast to the SDAVF, the arteriovenous (AV) shunt in
the SEAVF is located in the epidural space. The venous drain-
age of these AV shunts varies from pure epidural fistulas with
extradural venous drainage to combined epidural and intra-
dural venous reflux.’

A SEAVF with perimedullary venous reflux has been thought
to present with nonspecific myelopathic symptoms comparable
with those of a typical SDAVF.”* However, their precise angio-
graphic and clinical presentations have not yet been investigated
in a large number of patients and might still be unfamiliar to most
neurologic and radiologic physicians.

A clear recommendation for treatment technique and strategy
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is also still lacking in the literature. The goal of treatment is, how-
ever, the interruption of the intradural radicular drainage vein to
stop the arterialization of perimedullary veins and additionally
the obliteration of the arterialized epidural pouch to decrease the
risk of residual or recurrent fistula. These goals can be achieved
either surgically or endovascularly.

To further characterize this extremely rare subgroup of fistu-
las, we identified 13 patients presenting with an SEAVF with peri-
medullary venous reflux to demonstrate their anatomic features
and clinical and radiologic presentation.

MATERIALS AND METHODS

After obtaining permission from our local ethics board, we retro-
spectively evaluated the medical and radiologic reports of patients
with an SEAVF diagnosed between January 2006 and February
2018 in RWTH Aachen University Hospital. All clinical data, in-
cluding demographics and clinical presentation, were assessed by
the treating physicians and re-evaluated for this study. In partic-
ular, we re-evaluated the neurologic status at time of admission to
our institution, the duration of symptoms from onset until diag-
nosis, as well as previous misdiagnoses and treatment. The docu-
mented functional condition at time of discharge was rated as
worse, stable, or improved.

All patients underwent spinal MR imaging (n = 13) and/or
contrast-enhanced MRA (CE-MRA) (n = 10) before spinal an-
giography. Five (39%) of these 13 patients underwent repetitive
DSA for a definite diagnosis. As a rather new technique, C-arm
flat panel CT was performed in the last 5 patients of this cohort.

Radiologic data were analyzed blinded to all clinical data by
both the first and last author. The first author is an interventional
neuroradiologist with >30 years” experience in spinal angiogra-
phy and spinal vascular diseases; the last author is a consultant
neurosurgeon with a many years’ experience in clinical, radio-
logic, and surgical aspects of spinal vascular diseases. A reference
standard for statistical analysis was established in a consensus
reading. We retrospectively evaluated the arterial supply, venous
drainage patterns, and location and extension of the arterialized
epidural pouch in our DSA findings of all included patients.

MR/CE-MRA Imaging
MR imaging was performed in 7 patients at 1.5T (Intera, Release
10:3; Philips Healthcare, Best, the Netherlands) and in 6 patients
at 3T (Prisma; Siemens, Erlangen, Germany) (n = 6) as part of the
routine clinical work-up. Sagittal T2- and pre- and postcontrast
T1-weighted images were obtained as well as axial T2- and con-
trast-enhanced T1 images of the thoracolumbar region. In 1 pa-
tient, examination was limited to the lumbar and deep thoracic
regions only. The craniocaudal extension of the T2 signal hyper-
intensity and the medullary contrast enhancement were qualified
by the number of vertebral levels shown to be affected on T1 and
T2 MR images. The appearance of the perimedullary veins was
rated subjectively as mild, moderate, or prominent due to their
tortuous and dilated appearance in the T1 and T2 images.
Contrast-enhanced MR angiography was performed on a clin-
ical 1.5T MR imaging system with a phased array spine coil in 4
patients. To emphasize the arterial phase of the bolus enhance-
ment relative to the venous enhancement, we sampled the k-space
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using elliptic centric ordering, which allowed separation into ar-
terial and mixed arterial-venous enhancement. Further details
about this CE-MRA technique have been previously described by
our group elsewhere.>®

In 6 patients, time-resolved angiography with stochastic tra-
jectories was performed on a clinical 3T MR imaging system. This
CE-MRA also divides k-space into 2 regions but samples them
alternately using a semi-randomized method. It allows a rapid
acquisition of multiple images during the passage of the contrast
bolus.

DSA
Selective spinal DSA was performed via a femoral approach in a
dedicated biplanar neuroangiographic suite (Artis zee biplane;
Siemens). Standardized angiography included selective manual
injections of 4—5 mL of 300 mg/mL of iodinated nonionic con-
trast medium into the lumbar and intercostal arteries. If the pre-
ceding MRA examination suggested the level of a SEAVF, DSA
protocol included at least injection of the segmental arteries, on
both sides, 1 level above and below the suggested level. Imaging
was in the anteroposterior direction with 2 frames per second.
Oblique and lateral views were added to depict the morphology of
the AV shunt as well as the intradural course of the draining vein.
Film sequences of at least 5-20 seconds were obtained. Further-
more, 3D C-arm conebeam CT acquisitions (so-called Dyna-CT;
Siemens) were performed in the last 5 patients in this cohort with
a total acquisition time of 8 seconds. The arterial injection for the
conebeam CT angiogram allowed both early and late opacifica-
tion throughout the acquisition. MPRs were performed using an
external postprocessing workstation.

The extension of the epidural pouch, the arterialized perimed-
ullary veins, and the location of the perimedullary veins (dorsal,
ventral) were analyzed on the basis of CE-MRA and DSA.

RESULTS

Clinical Presentations

Ten (77%) of 13 patients were men. The mean age was 72 * 8
years (median, 77 years; range, 59—83 years). Overall, 10 (77%)
patients presented with a relatively short clinical course (<6
months) with progressive motor weakness in the lower extremi-
ties. The remaining 3 (23%) patients experienced a gradual onset
and progressive deterioration of neurologic function. The mean
interval between symptom onset and diagnosis was 6 = 8 months
(median, 3 months; range, 1-24 months) when excluding 1 sta-
tistical outliner in this series with a symptom duration of 60
months (Table 1).

The most common neurologic findings at admission in our
institution were gait disturbances due to paraparesis in 12 (92%)
patients. The remaining 1 (8%) patient had neurogenic claudica-
tion without manifest motor deficits. Eight (62%) patients re-
ported sphincter dysfunction at admission to our institution. Sen-
sory symptoms in various severities were documented in 7 (54%)
patients and comprised diffuse loss of sensation and/or paresthe-
sia in the lower extremities.

All 13 patients underwent microsurgical interruption at our
center. Microsurgical dorsal lumbar decompressions and discec-
tomies due to assumption of a spinal degenerative disease were



Table 1: Clinical presentation of patients with spinal epidural arteriovenous fistula

Patient Age Duration of Status
No. (yr)/Sex Symptoms (mo) Symptoms at Diagnosis at Discharge
1 78, M 6 Paraparesis, sphincter dysfunction Improved
2 63,M 1 Paraparesis, sphincter dysfunction hypesthesia below T10 Stable
3 77,M 15 Paraparesis, hypesthesia L4, ataxia, sphincter dysfunction Stable
4 60,F 1.5 Paraplegia, hypesthesia disturbances below T10 Improved
5 68,F 24 Neurogenic claudication <100 m Improved
6 77,M 15 Paraplegia, hypesthesia below LI, sphincter dysfunction Stable
7 64,F 1 Paraparesis, sphincter dysfunction Improved
8 83,M 60 Paraparesis , hypesthesia, sphincter dysfunction Stable
9 72,M 0 Paraparesis, hypesthesia, sphincter dysfunction Stable
10 80,M 12 Paraparesis, sphincter dysfunction Stable
T 77, M 2 Paresis of left foot, ataxia Stable
12 78,M 3 Paraparesis, hypesthesia Stable
13 59, M 5 Ataxia Stable
Table 2: Angiomorphologic characteristics of spinal epidural arteriovenous fistulas
Extension of Location of
Origin of Extension Arterialized Arterialized No. of
Patient Intradural Radicular of Epidural Perimedullary Perimedullary DSAs until
No. Arterial Feeder® Drainage Vein® Pouch® Veins® Veins® Diagnosis
1 L3R 3L L3-L4 T8-TI2 D=V 2
2 L3 bilateral, L4 L 3L L2-L4 T3-TI2 D=V 2
3 LIR LIR L1 ND D<V 1
4 L3 bilateral L3R L3 T9-L1 D>V 1
5 Left iliolumbar artery S S T7-T12 D>V 3
6 TIOLand TTIL L2L T10-L3 T6-L1 D=V 3
7 LL L2L L1-L2 T3-T12 D=V 1
8 TI2L TI2L TI2L T D>V 3
9 L3L L3L L3L T6-TI12 D<V 1
10 L4R L4R L2-L4 T3-TI10 D=V 1
1 L3L Sl bilateral L3-S1 TI0-L1 D>V 1
12 L3R L3R L3R T9-TI12 D<V 1
13 LIR LIR LIR TI0-L1 D>V 1
Note:—D indicates dorsal to spinal cord; V, ventral to spinal cord; L, left; R, right; ND, no data.
*DSA.
© MRA/DSA.

performed elsewhere before a definite diagnosis in 3 (23%) of
these 13 patients.

Radiologic Findings
Data of preoperative MR images were available in all 13 patients
(Table 2). There was a centromedullary multisegmental T2WT hy-
perintense signal with involvement of the conus medullaris in all
patients (mean, 7 vertebral levels; range, 1-13 vertebral levels). In-
tramedullary contrast enhancement was present in 10/12 (83%) pa-
tients (mean, 3 vertebral levels; range, 1-10 vertebral levels).

Enlargement and elongation of arterialized perimedullary
veins in the thoracic and/or thoracolumbar region were detected
in various manifestations in all patients, mild in 6 (50%), moder-
ate in 3 (25%), and prominent in the remaining 3 (25%) patients.
The arterialized perimedullary veins were localized predomi-
nately dorsal to the spinal cord in 5 (42%) and ventrally in 3
(25%). In the other 5 patients, arterialized perimedullary veins
were observed dorsal and ventral to the spinal cord. In 9 (90%) of
10 patients who underwent CE-MRA before DSA at our center,
the arterialized ventrolateral epidural pouch was additionally de-
tected, triggering the diagnosis of an SEAVF.

In 5 patients, >2 DSA examinations were necessary to estab-
lish the diagnosis of SEAVF (Table 2).

Angiographically, 10 (77%) of the 13 fistulas were in the lum-

bar region, and 2, (15%) in the lower thoracic region below T10,
respectively. The remaining (8%) fistula was located in the sacral
region. The arterialized ventrolateral epidural pouch in 6 (46%)
of 13 patients extended over several vertebral levels (mean, 2 ver-
tebral levels; range, 1-3 vertebral levels). Multiple arterial feeders
were detected in 3 (23%) patients.

Furthermore, the intradural radicular drainage vein originated in
3 (23%) patients distant from the level of the fistula-feeding segmen-
tal artery, ipsilaterally in 2, patients 6 and 7, and bilaterally in patient
11 (range, 1-3 vertebral levels) (Table 2).

DISCUSSION
Definition and Pathogenic Aspects of SEAVF
Arteriovenous disorders of the epidural venous plexus have been
rarely reported in the literature.””** Paraspinal AV shunts were
first clearly described by Cognard et al” in 2 patients with retro-
grade filling of intradural veins. The first SEAVF in our institution
was diagnosed in 2006 and reported elsewhere.'® Since then,
SEAVFs have been more frequently diagnosed in our center. The
finding might reflect a better understanding of this particular vas-
cular disorder as well as the growing diagnostic impact of spinal
MR angiography.

The angioarchitecture, namely the feeding arteries, the venous
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FIG1. A, Sagittal T2- weighted images (3T; T2-TSE; slice thickness, 3 mm) reveal extensive congestive myelopathy (white arrowhead). B-D, Spinal
CE-MRA (3T; time-resolved imaging with strochastic trajectories (TWIST); sagittal MIP; coronal and axial MPR) shows arterialized pouch in the
lumbar ventrolateral epidural space (white arrows) in association with arterialized perimedullary veins in the thoracic region (white arrowheads)
suspicious for a SEAVF in the lumbar region. E, DSA in lateral projection shows a SEAVF (white arrow) supplied via branches of the left L2
segmental artery (black arrowhead) and drained via the respective intradural radicular vein (white arrowheads). Note the extraspinal venous

outlet (asterisk).

drainage pattern, and the location of the AV shunt itself, differen-
tiate these SEAVFs from the more frequent SDAVE.®

Concerning the angioarchitecture in SEAVF, the blood supply
of the epidural arterial arcade is usually derived from numerous
osseous and epidural branches of the segmental arteries with mul-
tisegmental and/or collateral anastomoses running along the spi-
nal epidural space.”'" In contrast, SDAVFs are usually supplied
via radiculomeningeal branches of the radicular arteries, which
run within the dural sleeve of the respective nerve roots.'”

The venous drainage in SEAVF can occur epidurally and trans-
durally via an intradural radicular drainage vein into the perimedul-
lary venous plexus, in contrast to the venous drainage in classic
SDAVF, which occurs exclusively transdurally into the perimedul-
lary venous plexus.

Concerning the location of the AV shunt, the fistulous zone in
all our patients was in the ventral and ventrolateral epidural
spaces with variable craniocaudal extension of the arterialized
epidural pouch along several vertebral levels (Fig 1).

In 1 patient, the epidural shunt was even more complex, cross-
ing the midline; multiple compartments of the epidural plexus
were filled ventrally as well as the contralateral intradural radicu-
lar vein on the same vertebral level (Fig 2).

The frequent ventral/ventrolateral location of the arterialized
ventrolateral epidural pouch in an SEAVF could be explained by
the rich venous anastomoses of the relatively wide ventral epidural
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space in the thoracic and lumbar regions."? The posterior venous
plexus is not well-appreciated angiographically and is not regularly
involved in any pathologic process.™'* In contrast to the SEAVF, the
AV shunt in a classic SDAVF is usually located within the dural sleeve
of the nerve root dorsolaterally in the thoracolumbar region and
mainly ventrolaterally in the deep lumbosacral region.>"”

Nonetheless, the precise pathomechanism of the transdural
venous drainage in both SDAVFs and SEAVFs is still unclear.'>'°
An anti-reflux-impeding mechanism between both the epidural
and perimedullary venous systems has been a matter of dispute in
various anatomic studies.'>'”*' Tadié et al'” reported an anti-
backflow system within the transdural course of the radicular veins,
resulting from narrowing and zigzagging of the vein walls while
crossing the dura. Thron et al'? differentiated 2 types of transdural
venous courses: a slit-like and a zigzag bulgy type. Both types of trans-
dural venous courses might act as a valve protecting against reflux
from the epidural into the coronal venous plexus.'®'* Nonetheless,
due to the valveless venous walls of the epidural plexus, it is also
conceivable that this anti-reflux mechanism might decompensate
under high-pressure conditions and the venous blood could flow in
either direction.'®'**'** A retrograde filling of radicular veins from
the epidural venous plexus has also been observed in a few anatomic
studies.'®'>!7'%2%2> Moreover, during spinal DSAs and epidural
phlebography, epidural shunts without reflux into the perimedullary
veins have been occasionally visualized.'®



FIG 2. A-B, Sagittal T2- and contrast-enhanced Tl-weighted images (3T; T2-TSE; TI-TSE; slice thickness, 3 mm) show extensive congestive
thoracic myelopathy. C, Spinal CE-MRA (sagittal MIP) reveals an abnormal arterialized epidural pouch in the lumbar region (white arrow) in
addition to thoracic arterialized perimedullary veins (white arrowhead). D, DSA (posteroanterior projection) exams identify the fistula in the
epidural space on the vertebral level of L4 (white arrow), supplied via the right L4 segmental artery and drained by the contralateral L4 intradural
radicular vein (white arrowhead). E and F, Axial and coronal MPR of DynaCT, 2 mm, 8 seconds rotation: Note the multisegmental and bilateral
extension of the arterialized epidural pouch and the left sided origin of the intradural radicular drainage vein crossing the dura at the

contralateral neural foramen (white arrowhead).

On the basis of these observations, one could assume that epi-
dural shunts might occur more frequently than previously
thought, but they often remain asymptomatic as long as the trans-
dural anti-reflux mechanism remains intact.'®'?

An intravenous stasis and/or acute hydrostatic disturbances
within these arterialized elongated epidural compartments might
reinforce the development of venous thrombosis. This may, in
turn, induce acute disruption of the dural anti-reflux mechanisms
causing transdural venous drainage and subsequent congestive
myelopathy.”® Supporting this hypothesis, the origin of the arte-
rialized radicular vein in 3 (23%) patients in our series was caudal
to the epidural AV shunt (Fig 3).

Clinical Presentation

Due to the extremely low incidence of SEAVFs, clinical presenta-
tions of these lesions have been rarely reported systematically in
larger sample series.'*?” Most patients in our study presented
with motor weakness of the lower extremities, sphincter dysfunc-
tion, and sensory disturbances (Table 1) at admission. After treat-
ment, clinical symptoms of most patients in our study stabilized
or were mildly improved at discharge.'*?” This result is in accor-
dance with those in case series reported by Kiyosue et al'* and
Nasr et al.””

Due to the arterialization of the perimedullary venous plexus,

several progressive pathophysiologic changes can occur in the spi-
nal cord and its vessels, such as hyalinization, vascular calcifica-
tion, necrosis, and gliosis, all potential contributors to irreversible
functional deterioration of the spinal cord.*®°

One major finding in our current analysis was the relatively
rapid clinical course of SEAVFs compared with classic SDAVFs.
This might be triggered by acute hemodynamic changes of the
venous outflow of the spinal cord caused by thrombosis and/or
hydrostatic changes in the epidural and perimedullary venous

plexus.”

Radiologic Findings

The hallmarks of SEAVFs on MR imaging in our current cohort
were the following: 1) congestive thoracolumbar myelopathy with
a high rate of conus medullaris involvement, 2) a predominantly
nonprominent appearance of the pathologically arterialized peri-
medullary veins in most cases (75%), and 3) the presence of ven-
trally/ventrolaterally located arterialized epidural venous pouches
detected in 9 of 10 patients with CE-MRA preceding DSA.

The value of CE-MRA in diagnosing an SDAVF has been pre-
viously reported by our group.® In a series of 19 patients with
SDAVTFs, the correct localization could be achieved in 14 (74%)
patients. In the remaining 5 patients, a mismatch of only 1 verte-
bral level was noted.® Our current findings are supported by
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FIG3. A, Spinal CE-MRA (1.5 T, sagittal MIP) reveals an extensive pathological arterialization of a ventrolateral epidural venous pouch extending
over four vertebral levels (white arrow). B-C, Further reconstructions of the source MRA images (coronal and axial MPR) demonstrate precisely
the epidural pouch (white arrow) and show the filling of the intradural radicular drainage vein (white arrowhead). D—E, DSA exams (posteroan-
terior projections) identify the multisegmental ventrolateral epidural pouch of the SEAVF (white arrow) with multiple left-sided arterial feeders
supplied by the thoracic segmental arteries T 10 and T 11. Note the distant origin of the intradural radicular drainage vein (asterisk).

Mathur et al,®' who recently observed, in a series of 7 patients with
SEAVFs, a high accuracy and reliability of CE-MRA for identifi-
cation and localization of these lesions.

DSA is, however, still regarded as a basic diagnostic tool for the
angiomorphologic, pretherapeutic evaluation in spinal AV fistulas
and malformations.>*** In 5 (38%) of 13 patients, even repetitive
spinal DSA remained inconclusive and did not sufficiently depict the
suspected AV shunt before referral to our center.

Based on our experience, reasons for this failure rate were
insufficient opacification of the respective segmental artery based
on atherosclerosis and anatomic obstacles and a too-short DSA
series, resulting in missing the intradural radicular and/or peri-
medullary veins. Moreover, 4 of these 5 patients did not undergo
spinal CE- MRA initially, which may have facilitated the diagnosis
via subsequent DSA.

Spinal angiography offers a dynamic visualization of the an-
gioarchitecture of vascular malformations, including the arterial
feeders, the morphology of AV shunts/venous pouches, and the
draining veins.”

Overall, 12 (92%) fistulas were located in the thoracolumbar
region and were supplied by segmental arteries. The remaining
(8%) fistula was located in the sacral region and was supplied by
branches of the left iliolumbar artery. Also, multisegmental or

2100 Mull  Nov 2018  www.ajnr.org

collateral arterial feeders of the arterialized ventrolateral epidural
pouch were present in 3 (23%) of our patients. In contrast, of 196
patients with SDAVFs treated at our center between 1990 and
2017, only 9 (4.6%) fistulas presented with a multisegmental or
bilateral arterial supply.>*>

The predominant thoracolumbar location of SEAVFs and
the higher rate of multiple arterial feeders of SEAVFs com-
pared with classic SDAVFs could also be explained by the wide
epidural space and the rich epidural anastomotic arterial net-
work in this region.>”"?

The arterialized epidural pouch extended over several verte-
bral levels in 6 (46%) patients. The intradural radicular drainage
vein in 3 of these 6 patients was distant from the epidural fistulous
point. This multisegmental distance between the fistulous feeding
artery and the origin of the intradural radicular drainage vein has
never been previously observed in any classic SDAVF at our
center.'>*”

Because the main goal of treatment of SEAVF is the discon-
nection of the intradural radicular drainage vein as well as the
complete interruption of arterialized epidural compartments, the
precise localization of the intradural radicular drainage vein in
SEAVF is essential to reduce the risk of residual or recurrent fis-

tulas irrespective of the treatment technique and strategy.



Limitations

A major limitation of our study is the small sample size and the
retrospective approach. Because spinal epidural arteriovenous fis-
tulas are a very rare but clinically relevant entity, our results may,
nevertheless, serve as an orientation for future studies, in partic-
ular because there are scarce data concerning this topic in large
cohorts in the literature.

CONCLUSIONS

Congestive myelopathy with an acute or subacute clinical course
is a dominant finding in SEAVFs. The presence of myelopathic
symptoms combined with medullary venous congestion with or
without contrast enhancement on MR imaging should require
CE-MRA, even in cases of nonprominent perimedullary veins. In
SEAVFs, CE-MRA is a powerful noninvasive diagnostic tool to
identify the epidural AV shunt itself and detect arterialized peri-
medullary veins. DSA remains obligatory for the angiomorpho-
logic analysis of the epidural AV shunt, which frequently extends
ventrolaterally over several vertebral levels. DSA is mandatory for
identifying the origin of the intradural radicular drainage vein
that may be located distant from the epidural fistulous point.
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