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Abstract
Introduction A spinal dural arteriovenous fistula is a rare type of vascular malformation. If left untreated, these fistulas can
result in significant neurological deficits secondary to spinal cord infarct or hemorrhage.
Case presentation A 70-year-old female with a longstanding history of episodic progressive bilateral lower extremity
weakness and sensory disturbances was previously misdiagnosed with multiple sclerosis. Imaging revealed a T2 signal
change from T7 to the conus with associated signal change and she subsequently underwent a T10-L1 laminectomy for clip
ligation of a spinal dural arteriovenous fistula. Here we present the clinical and radiographic progression of one patient with a
spinal dural arteriovenous fistula.
Discussion Spinal dural arteriovenous fistulas are a rare but treatable cause of myelopathy, so it is important to understand its
natural progression and radiologic findings as it is frequently misdiagnosed.

Introduction

Spinal vascular malformations (SVMs) are a heterogeneous
group of blood vessel disorders that account for 3–4% of all
space-occupying lesions affecting the spinal cord and 1–2%
of all neurologic vascular pathologies [1–3]. SVMs are
classified into four types based on location, affected popu-
lation, and radiographic appearance [4]. Spinal dural arter-
iovenous fistulas (SDAVFs), also known as type 1 SVMs,
are the most common form of SVMs, accounting for
approximately 70–80% of all spinal vascular lesions [2, 3,
5–8]. However, SDAVFs are relatively rare with an esti-
mated incidence of 5–10 per million per year and are fre-
quently misdiagnosed as tumor, myelitis, polyneuropathy,
and polyradiculopathy, with patients often waiting 1–2

years before a correct diagnosis is identified [9–16]. This is
due to the non-specific clinical features of SDAVF as well
as the variable imaging findings associated with it. Here, we
present serial imaging from a case of SDAVF, in which we
were able to clinically and radiographically observe the
development of SDAVF symptoms and imaging findings,
with subsequent progression to congestive myelopathy and
infarction over a period of approximately 8 years.

Case

A 70-year-old female with a diagnosis of multiple sclerosis
initially presented as a transfer from an outside hospital with
magnetic resonance imaging (MRI) findings of T2 signal
change within the spinal cord from T7 to the conus with
associated serpiginous vessels concerning for a SDAVF
(Fig. 1). She had a 2 year history of stepwise progressive
bilateral lower extremity weakness, numbness, parasthesias,
and dysesthesias. She had multiple episodes attributed to
multiple sclerosis throughout these 2 years in which she
would develop acute weakness, causing her to fall. She
would improve after each episode with a short course of
steroids and would then be subsequently discharged to a
rehabilitation center. However, her strength did not return to
her previous baseline after each of these episodes. She had
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previously been able to walk without assistance, but then
required a cane and eventually a walker.

The patient presented to us after having another one of
these episodes. Her exam at that time was an L1 ASIA D
with bilateral lower extremity weakness with hip flexion 3/5
and the other muscle groups a 4/5. She had signs of mye-
lopathy with sustained clonus in her left lower extremity.
She had decreased rectal tone and a sensory level at L1 with
decreased sensation to light touch. Given her progressive
decline and MRI findings consistent for a SDAVF, the
patient underwent a spinal angiogram. However, this exam
was limited due to technical difficulties given her anatomy
and atherosclerotic disease, and it was therefore aborted in
favor of obtaining further noninvasive imaging. A CT
angiogram of the thoracic and lumbar spine showed a
prominent right-sided vessel arising from the T12-L1 level

coursing superiorly towards a tangle of vessels seen at the
T11-T12 level. At this time, we deemed her prior diagnosis
of multiple sclerosis as incorrect given the radiographic
evidence of a SDAVF.

Surgery was offered to the patient, but she refused any
further imaging or treatment and was discharged to an acute
rehabilitation facility. She then returned approximately
1 month later for her scheduled follow up. She had become
acutely weak 1 week after she had left the hospital and her
exam had declined to a T10 ASIA B with bilateral lower
extremity paraplegia and a T10 sensory level below which
she could only feel dull deep pressure. Her deep tendon
reflexes were absent in her lower extremities and she now
had bladder and bowel incontinence. An MRI revealed an
interval increase in the extent of the abnormal T2/STIR
signal with patchy avid enhancement on T1 which now

Fig. 1 The T2 weighted and T1 post-contrast sequences from an MRI
obtained 8 years prior (a) shows dilated T2 flow voids along the dorsal
aspect of the spinal cord near the conus with mild contrast enhance-
ment of these vessels. There is no evidence of spinal cord edema or
enhancement. The imaging obtained 3 years prior (b) shows edema
extending from the conus to approximately T9 with no evidence of

spinal cord enhancement. The imaging obtained 6 weeks prior (c)
shows worsening spinal cord edema extending to T7 with patchy
enhancement of the spinal cord. The final imaging (d) shows wor-
sening edema extending to T5 with expansion of the lower thoracic
spinal cord and avid enhancement from T7 to the conus, concerning
for spinal cord infarction
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extended from T5 to the conus with expansion of the spinal
cord. There was high signal intensity in the diffusion-
weighted sequences from T10 to the conus concerning for
cord infarction.

The patient then underwent a T10-L1 laminectomy and
clipping of SDAVF. Upon initial inspection, the spinal cord
near the conus appeared abnormal, consistent with recent
infarct and necrotic changes. A large engorged arterialized
vein was visualized on the dorsal surface of the spinal cord
(Fig. 2). It was followed inferiorly and was found to be
connected to a right radicular meningeal artery at the T12-
L1 level. Indocyanine green was injected to confirm the site
of the fistula. Two clips were then applied to disconnect the
fistula site and a second indocyanine green injection
revealed no arterial supply to the dorsal fistula. The patient
had an uneventful postoperative course and was then dis-
charged to an inpatient acute rehabilitation center on post-
operative day 8. Unfortunately the patient’s neurologic
status did not improve in the immediate postoperative
period.

Discussion

Clinical features and pathophysiology of spinal
dural arteriovenous fistulas

The pathophysiology of SDAVF is defined by venous
hypertension caused by the abnormal connection between
the radicular artery and radicular vein within the dura [11,
17–22]. The arterialization of the perimedullary venous
plexus leads to a subsequent loss of the arteriovenous gra-
dient, resulting in decreased venous drainage, venous con-
gestion, edema, hypoperfusion, and ultimately ischemia [3,
17, 18, 23, 24]. The etiology of SDAVF is generally idio-
pathic in most cases, but acquired cases following surgery
or trauma have been reported [17, 25]. They occur most
commonly in men over the age of 40 with a male to female

ratio of 4:1, and are predominantly found in the thor-
acolumbar region [17, 20, 26].

SDAVF presents with relatively non-specific symptoms
and subtle radiographic findings, making it difficult to
diagnose, with median time to diagnosis ranging between
12–44 months from symptom onset [10–12]. One study
found that 43% of patients were severely disabled by the
time the SDAVF was found [12]. Symptoms may include
weakness, gait disturbances, numbness, parasthesias, pain,
sphincter dysfunction, erectile dysfunction, and urinary
retention [11–13, 27]. The most common initial presenting
symptom of SDAVF is progressive motor weakness, pre-
sent in 85–95% of patients [3, 8, 11, 17, 18, 20, 26]. These
neurologic symptoms are progressive with time and often
ascend from the lower extremities due to the fact that the
conus is involved in the vast majority of patients as a result
of orthostasis [11, 12]. It has been estimated that if left
untreated, 50% of patients will become severely disabled
within 3 years of symptom onset and less than 10% will be
able to walk independently after 3 years [17, 28]. However,
5–15% of patients with SDAVFs develop acute thrombosis
of the pathologic veins that drain the fistula, resulting in
acute exacerbation of symptoms and rapidly progressive
myelopathy [17, 29, 30].

SDAVF can be treated either endovascularly or surgi-
cally. Microsurgical obliteration of the fistula has proven to
be highly effective with a reported success rate of
approximately 98% and improvement in motor function
seen in 82.2% of patients [8, 20, 25, 26, 31, 32]. Endo-
vascular treatment has yielded slightly less successful
results, with 69% achieving complete obliteration of the
fistula, 25% requiring additional procedures, and 15–20%
experiencing recurrence [27, 33].

Imaging modalities and features of spinal dural
arteriovenous fistulas

Essential diagnostic imaging modalities for SDAVF include
MRI, magnetic resonance angiogram (MRA), and digital
subtraction angiogram (DSA). When subtle features sug-
gestive of SDAVF are found on MRI, MRA may then be
used to better visualize and localize the fistula. DSA is
subsequently used to confirm the diagnosis.

On T2-weighted MRI, key imaging findings include
centromedullary hyperintensity with peripheral hypointen-
sity and flow voids, respectively representing cord edema
and dilated perimedullary veins [3, 15, 24, 34–37]. Occa-
sionally, these veins become difficult to visualize due to
compression by cord swelling [24]. The central T2 hyper-
intensity frequently involves the conus due to orthostasis
and one study found that 81% of patients displayed invol-
vement [24, 38]. If a patient’s initial non-contrast MRI does
not clearly show a SDAVF when clinical suspicion remains

Fig. 2 An intraoperative photograph showing dilated venous structures
on the dorsal aspect of the spinal cord after a T10-L1 laminectomy had
been performed
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high, gadolinium enhanced MRI may aid in visualization.
With contrast, parenchymal enhancement is frequently
observed, likely representing infarction or ischemia from
the venous hypertension [36–39]. In addition, contrast may
also help reveal dilated venous structures that are masked
by artifact or mass effect from cord swelling, are less visible
due to small shunt volumes, or are otherwise too small to be
found without contrast [3, 24, 39]. Furthermore, gadolinium
is useful in the imaging evaluation and diagnosis of sus-
pected tumors, and thus may further aid in differentiating
SDAVF from other mimics [39]. The dilated serpentine
veins may also be more adequately revealed on myelo-
graphic or heavily weighted T2 sequences, including CISS,
FIESTA, and 3D-TSE, than on standard T2 weighted
imaging (T2WI), as the flow voids are frequently obscured
by mass effect or pulsation artifact [20, 24]. Both myelo-
graphic and heavily T2 weighted sequences are useful
because they are volumetric, have good spatial resolution,
and are not dependent on flow [24].

Due to the relatively nonspecific nature of these imaging
findings on MRI, SDAVF remains difficult to diagnose. The
most common finding of the central T2 hyperintensity is
also often seen on MRI in a variety of other spinal
pathologies including infection, demyelination, inflamma-
tion, and tumor. While the imaging finding most specific for
SDAVF is enlarged pial veins, this feature is observed less
frequently [36]. Gilbertson et al reported finding central T2
hyperintensity in 100% of patients with SDAVF, but flow
voids in only 35% of patients on T1 weighted imaging, and
45% on T2WI [37]. However, a combination of these subtle
findings may suggest SDAVF. Lindenholz et al considered
the hallmark MRI findings to include T2 hyperintensity,
conus hyperintensity, flow voids, and patchy cord
enhancement, and they found 88% of patients in their study
to have all four of these findings [38].

If MRI findings are suggestive of SDAVF, obtaining an
MRA is advised as it is often able to accurately predict the
spinal level of the SDAVF within a narrow range [12, 24,
34, 38]. In one study, use of MRA was able to reveal the
exact level of the SDAVF in 42.9% of patients (18 out of
44), and within 2 levels in 59.5% of patients (25 out of 44)
[12]. This localization of the fistula allows subsequent DSA
to be more targeted, reducing the amount of time, radiation,
and contrast needed [24, 34]. Although MRI and MRA
findings may point towards SDAVF, DSA is considered to
be the gold standard for diagnosing SDAVF, and is more
sensitive than MRA [3, 11, 15]. Important angiographic
findings include early filling of radicular veins and delayed
venous return. Angiography is sometimes the only imaging
modality that can reveal the SDAVF, as some patients have
negative findings on MR studies [39].

Differentiating SDAVF from other similar clinical
presentations

There are numerous entities that mimic SDAVF on imaging
studies. The spinal cord edema present in SDAVF that is
visualized as central hyperintensity on T2WI may also be
seen in spinal cord tumor, myelitis, anterior spinal artery
infarction, and persistent central canal [15]. However, in
SDAVF, the hyperintensity is typically homogenous,
extends over multiple spinal levels, frequently involves the
conus, and is surrounded by a rim of hypointensity [15, 36].
In addition, the flow voids found on T2WI representing
dilated serpentine perimedullary veins may also appear
similar to the flow voids found in spinal stenosis, as this
condition can also cause venous dilation. However, in the
case of spinal stenosis, the finding of centromedullary T2
hyperintensity should be absent.

There have been multiple reports of patients with
SDAVF initially misdiagnosed as tumor, as MRI features of
both SDAVF and tumor include spinal cord enlargement,
T2 hyperintensity, and contrast enhancement [16, 40, 41].
This often results in the patient undergoing biopsy of the
suspected lesion. However, certain pathological features
characteristic of venous congestive myelopathy may dis-
tinguish SDAVF from tumor. These features include a large
amount of small hyalinized vessels, perivascular hemosi-
derin deposits, vascular thrombosis, necrosis, and Rosenthal
fibers [16, 41]. In a study of patients suspected to have
SDAVF by Rodriguez et al, the presence of thrombosis was
the major distinguishing pathological feature between
patients found to have an SDAVF and those ultimately
found to have no SDAVF [16].

As SDAVF is frequently misdiagnosed as other dis-
orders, including polyneuropathies or polyradiculopathies,
it is also important to keep in mind the clinical features that
distinguish it from these disorders. Distinct clinical features
of SDAVF include the ascending nature of symptoms, with
sensory loss moving all the way up to involve the perianal
area. By comparison, polyneuropathies usually involve the
distal extremities, including the hands. Bowel and bladder
dysfunction, seen in SDAVF, do not occur in poly-
neuropathies or radiculopathies [13, 14]. In addition,
symptoms are typically asymmetric in SDAVF, while
neuropathy symptoms are more likely to be symmetrical.
Furthermore, if the spinal cord above the conus becomes
involved, upper motor neuron signs will occur, making it
clear that the pathology is not peripheral in nature [14].

Conclusion

In the case of our patient, she first presented to our hospital
with moderate bilateral lower extremity weakness,

 10 Page 4 of 6 Spinal Cord Series and Cases  (2018) 4:10 



dysesthesias, numbness and tingling. Her MRI showed
findings suggestive of SDAVF in the thoracolumbar region,
including cord edema within the conus and serpiginous flow
voids. Although she underwent an attempted angiogram
that ultimately could not be completed, clinical suspicion
for SDAVF remained high, based on these MRI findings.
However, the patient declined to undergo further testing or
intervention, opting to be discharged to a rehabilitation
center, despite being informed that she would most likely
continue to deteriorate neurologically. Unfortunately,
approximately 1 month later, she returned to our hospital,
completely paraplegic. MRI at this time showed extensive
signal abnormality, with heterogeneous enhancement of the
thoracolumbar spine. In the context of known SDAVF,
these findings were suggestive of cord infarction. Over a
course of 1 month, we were able to observe the progressive
clinical and radiological deterioration of SDAVF. In addi-
tion, in reviewing the patient’s images from years prior, we
could retrospectively observe this SDAVF as it began to
develop.

Thus, through this series of images, we demonstrate the
radiographic progression of SDAVF from early in the
course of the disease until its ultimate progression to venous
congestive myelopathy and spinal cord infarction. In addi-
tion, we demonstrate the importance of keeping SDAVF
within the differential of clinical symptoms and imaging
findings such as these. The late stage imaging findings of
SDAVF suggestive of infarction could also represent other
disease processes and often leads to misdiagnosis as neo-
plastic or inflammatory processes. Therefore, given the fact
that patients may present to a physician at any point along
the time course of their disease progression, SDAVF must
be considered as a possible etiology in the context of similar
symptoms and MRI findings. This is especially important
because SDAVF represents a potentially treatable cause of
myelopathy, and recognizing it early may protect the patient
from multiple unnecessary tests, disease progression, and
ultimately severe neurologic disability.
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