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pinal dural arteriovenous fistula (SDAVF) is a

rare vascular lesion of the spinal cord associ-

ated with progressive myelopathy.! Older men

are most commonly affected, and symptoms
include progressive gait dysfunction, weakness, sensory
loss, and bowel, bladder, and sexual dysfunction.? The
diagnosis of SDAVF is often overlooked because its
symptoms overlap with those of more common causes
of myelopathy such as cervical spondylosis.> SDAVF ac-
counted for nearly one third of unexplained myelopa-
thies in a series of 78 patients.* Additionally, imaging
studies can be ambiguous or even normal,* frequently
resulting in delayed diagnosis that may confer a worse
outcome despite treatment.” As SDAVF represents a
surgically treatable form of nontraumatic myelopathy,
it should be included early in the differential diagno-
sis. This article presents the case of a 77-year-old man
with a 2-year history of progressive myelopathy that was
ultimately diagnosed as SDAVF.

CASE PRESENTATION
Initial Presentation and History

A T7-year-old man was transferred emergently from
a rehabilitation facility to the neurology service with
acute urinary retention and back pain as well as sud-
den worsening of progressive gait dysfunction, sensory
loss, constipation, and erectile dysfunction that had
been present for 2 years. He was unsuccessfully treated
3 months prior with intravenous methylprednisolone
(1000 mg/day) for 3 days for transverse myelitis, a di-
agnosis made after a T2-weighted magnetic resonance
image (MRI) demonstrated a nonenhancing intrinsic
cord lesion extending from T4 to the conus medul-
laris. A lumbar puncture performed at the time of
MRI revealed high protein levels without the presence
of inflammation or malignant cells. Although there
was known lumbar disc disease, there was no history
of acute trauma or strenuous exercise to precipitate a
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lumbar injury. Furthermore, no history of preceding
illnesses, immunizations, immune deficiency states,
connective tissue disorders, toxic exposures, or known
malignancies were present to explain the cause of
transverse myelitis. Past medical history was positive for
hypertension, benign prostatic hypertrophy, chronic
kidney disease, diverticulosis, and lumbar disc disease.

Physical Examination and Laboratory Evaluation

At admission, the patient’s physical examination was
normal aside from an elevated blood pressure of 181/
78 mm Hg with a regular pulse. Neurologic testing
revealed normal mental status, cranial nerve function,
and upper extremity motor and sensory examinations.
The legs exhibited a distal paraparesis greater than
proximal paraparesis, with right iliopsoas Medical Re-
search Council (MRC) strength of 2/5 worse than left
iliopsoas MRC strength of 3/5. Distal MRC strength
was 0/5 bilaterally. Mild wasting and increased tone
were present in the legs. Deep tendon reflexes were
pathologically increased at the patellae but not at the
Achilles tendon; Babinski’s sign was absent in both
legs. Rectal tone was decreased. Sensation to pinprick
and temperature was absent distal to the T7 level.
Vibration and proprioception were decreased to the
ankles. The patient was nonambulatory. Routine com-
plete blood count, vitamin B,, level, folate level, meth-
ylmalonic acid level, homocysteine level, serum protein

At the time of submission, Dr. Spain was a neurotmmunology fellow, Thomas
Jefferson. Comprehensive Multiple Sclerosis Center; and Dr. Stuckert was a
neurology resident; both were at the Thomas Jefferson University, Philadel-
phia, PA. Dr. Spain is now a senior instructo; MS Center of Oregon, Oregon
Health Sciences University, Portland, OR. Dr. Stuckert is now an epilepsy
Sellow, Stanford Comprehensive Epilepsy Center; Palo Alto, CA. Dr. Sharan is
an assistant professor; Department of Neurological Surgery, and Dr. Skidmore
is an assistant professor; Department of Neurology; both are at the Thomas
Jefferson University.

Hospital Physician February 2009 33



Spain et al

Spinal Dural Arteriovenous Fistula

pp. 33-38

Figure |. A T2-weighted magnetic resonance image (A) of the thoracic and lumbar spine demonstrated a hyperintense intramedullary
lesion with cord edema extending from T4 to the conus (arrow). After gadolinium administration, a T |-weighted magnetic resonance
image (B) demonstrated this lesion enhancing diffusely (arrowhead). Magnetic resonance angiography (C) revealed several minimally di-
lated vessels that were considered normal (arrows).

electrophoresis, and thyroid function studies were nor-
mal. A chemistry panel revealed a high serum creati-
nine (1.5 mg/dL [normal 0.6-1.2 mg/dL]), consistent
with the known history of chronic kidney disease.
The patient was negative for hepatitis B and C, HIV,
and human Tlymphotropic virus antibodies as well as
Lyme disease on polymerase chain reaction testing of
the cerebrospinal fluid.

Radiology

An MRI of the spine revealed diffuse increased T2
cord signal from T4 to the conus with edema (Figure 1A),
which enhanced after gadolinium administration (Fig-
ure 1B). Based on magnetic resonance characteristics,
a primary intramedullary tumor was thought unlikely,
and no primary tumor was found to suggest a spinal
metastasis after full body computed tomography screen-
ing was performed. A vascular cause of the patient’s
symptoms was entertained. Computed tomography
angiography of the thoracic spine was normal. Al-
though magnetic resonance angiography (MRA) of the
thoracic spine revealed a few minimally dilated vessels
at the T10-11 level (Figure 1C), the examination was
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considered within normal limits, and no vascular disor-
der was established.

Treatment and Hospital Course

Two weeks after hospitalization, the patient was found
to be acutely weak and flaccid in his proximal leg mus-
cles during a morning neurologic examination and was
immediately started on intravenous methylprednisolone
(1000 mg/day). Three days of steroid administration
provided no benefit. Although the MRA had been nor-
mal, clinical suspicion for a vascular disorder remained
high; therefore, spinal angiography was performed on
hospital day 19. Two procedures using the Seldinger
technique were required because of the large iodinated
contrast load in the context of a high baseline creatinine.
The second angiography on hospital day 21 definitively
demonstrated an abnormal vessel at the left T12 pedicle
with an early draining vein both superior and inferior
extending up to the level of T3 consistent with SDAVF
(Figure 2). The patient underwent intra-arterial emboli-
zation at the time of angiography, which was unsuccessful
due to an inability to canalize the severely atherosclerotic
vessel. Subsequently, the patient underwent treatment
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Figure 2. Spinal angiogram demonstrating the cannula at the left
T12 pedicle (arrow) and the serpentine abnormal vessel (arrow-
heads) diagnostic of a spinal dural arteriovenous fistula.

via an open laminectomy and clipping of the fistula on
hospital day 26 (Figure 3). There were no complications
during the temporary clipping of the SDAVE, subse-
quent ligation of the vessels, or postoperative monitor-
ing. The patient’s back pain resolved by the following
day, although his neurologic examination remained un-
changed at the time of discharge (hospital day 29) to the
rehabilitation facility. At a 3month follow-up visit to the
outpatient neurology clinic, the patient was pain free and
able to ambulate with a walker. However, he continued to
have profound sensory loss along with severe bowel and
bladder dysfunction.

SDAVF

Spetzler et al® proposed a classification for spinal
vascular lesions consisting of 3 categories: neoplasms,
aneurysms, and arteriovenous lesions, which includes
SDAVFs. In a series that analyzed the spinal angiograms
of 132 patients, SDAVFs accounted for 66 of 97 (68%)
spinal arteriovenous lesions identified.! The annual
incidence of SDAVF is estimated to be 5 to 10 cases per
million persons.” Approximately 80% of patients diag-
nosed with SDAVF are male and most (two thirds) are
between ages 60 and 70 years.” In a series of 80 patients,
median time to diagnosis was 15 months (range, 7 days—
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Figure 3. Photograph of the tightly coiled arteriovenous fistula
(arrow) and dilated draining veins (arrowhead) overlaying the spinal
cord prior to ligation.

197 mo).5 Given the diagnostic delays, most patients
require an ambulatory device at the time of diagnosis,
and one third are wheelchair dependent.” SDAVFs are
predominately found at the lower thoracic and upper
lumbar levels with presenting symptoms secondary to
myelopathy along with back, radicular, and nonspecific
pain; only 1% of patients present with subarachnoid
hemorrhage.” Although SDAVF is considered an ac-
quired lesion, the exact etiology is unknown. Proposed
etiologic mechanisms for SDAVF include trauma, infec-
tion, surgery, and syringomyelia. Unlike intracranial
dural arteriovenous fistulas, there is no association with
venous thrombosis, and thrombophilia does not appear
to be a predisposing factor.®

Pathophysiology

First described in 1926 by Foix and Alajouanine,’ the
pathophysiology of venous hypertension was not eluci-
dated until 1974 by Aminoff and Logue."” In a SDAVF,
typically 1 (but sometimes multiple) feeding radiculo-
medullary artery enters the dura mater of the spinal
cord at the dural root sleeve and forms a fistula with a
medullary vein, thus arterializing the corona venous
plexus surrounding the spinal cord. The resistance to
venous outflow results in chronic venous hypertension/
stagnation leading to chronic medullary ischemia.®
In the case patient, a feeding dorsal radiculomedul-
lary artery formed an intradural arteriovenous fistula
and arterialized the coronal venous plexus (Figures 2
and 3). Hurst et al'! reported that a spinal cord biopsy
from a patient with documented SDAVF demonstrated
marked hypocellularity, small blood vessels with hyalin-
ized walls, extensive vascular sclerosis and gliosis of the
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white matter, and focally enlarged, degenerating axons,
findings that supported a pathophysiology of ischemic
myelopathy due to increased venous pressure.

Clinical Features

The clinical course of a SDAVF is one of a slowly
progressive or stepwise myelopathy with symptoms of
weakness, sensory loss, and bowel, bladder, and/or
sexual dysfunction. Gait disturbance is often the first
motor symptom observed, occurring in 20% to 69%
of cases; the paraparesis or tetraparesis can be flaccid,
spastic, or mixed.? Development of sensory symptoms
tends to parallel motor symptoms, with progressive
distal to proximal sensory loss usually associated with
a spinal sensory level. Back and radicular pain is often
present along with nonspecific cramping and burning.
Symptoms can be aggravated by exercise; acute dete-
rioration is not uncommon.”

Diagnostic Evaluation

MRI has replaced myelography for initial radio-
graphic diagnostic evaluation of SDAVF. MRI findings
associated with SDAVF include spinal cord conges-
tion, swelling, increased T2 signal, and decreased T1
signal with or without patchy or diffuse enhancement.
Lesions range from 1 to 11 segments long.'? MRI,
however, is not fully sensitive for diagnosing SDAVF;
of 22 confirmed cases of SDAVF in a series of 78 cases
of unexplained myelopathy, 3 patients had a normal
MRI.* MRA can enhance the diagnostic yield to ap-
proximately 80% and reduce the iodinated contrast
load necessary for spinal angiography by localizing
the fistula.! In a series of 31 cases, MRA had a sensitiv-
ity of 91% and specificity of 78% for confirming the
presence and absence of a SDAVF. It also reduced the
amount of iodinated contrast load by more than 50%
during conventional angiography when the level of
the fistula was localized as compared with the quantity
of contrast necessary when MRA was either nonlocal-
izing or negative."”> On MRA, dilated perimedullary
veins are seen in patients with SDAVE, but these are
not specific to this condition and may be masked by
variable blood flow properties and pulsation artifacts.
Spinal angiography is required for definitive diagno-
sis. If the lesion is not localized by MRI and MRA, con-
ventional angiography requires the injection of each
spinal artery supplying the dura, a procedure that is
time consuming and can be complicated by concur-
rent atherosclerotic disease and contraindications
for iodinated contrast. However, spinal angiography
should be seriously considered in patients with a nor-
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mal MRI and MRA if the clinical suspicion for a fistula
is high given the treatable nature of this condition."

Differential Diagnosis

The differential diagnosis of nontraumatic progres-
sive myelopathy is broad (Table)."*'® The most urgent
diagnoses to exclude are compressive neoplasm and in-
fection with a spinal epidural abscess, conditions readily
identifiable with neuroimaging and cerebrospinal fluid
analysis. However, other causes of increased MRI T2
cord signal are intramedullary tumors, degenerative
disc disease, inflammatory and autoimmune condi-
tions, infections, vascular disorders, and nutritional and
toxic causes. Intradural tumors can be primary or meta-
static and are found in the intramedullary or extramed-
ullary space.'*'5 Myelopathy due to cervical spondylosis
is the most common cause of nontraumatic spastic
paraparesis and quadriparesis, accounting for nearly
one quarter of cases in a series of 585 patients present-
ing to a regional medical center in the United King-
dom.? Lumbar canal stenosis is also common in this
age group and can contribute to gait dysfunction, thus
complicating the diagnosis. The spinal cord is at risk
for ischemia and infarct following surgery or an aortic
artery dissection. Inflammatory myelitis can be isolated
(idiopathic transverse myelitis) or can be the first sign
of multiple sclerosis. Myelitis can be acute (as seen in
postviral infection or demyelinating myelitis) but can
also be subacute to chronic conditions (eg, AIDS my-
elopathy, syphilis)."*!* Inflammation of the spinal cord
also occurs in several rheumatologic and connective
tissue diseases, which may precede the onset of systemic
symptoms by years.'® Nutritional deficiencies should
be considered in patients with gastrointestinal disease,
a history of gastric bypass surgery, or history of toxic
exposures that prevent adequate absorption of nutri-
ents.!” Myelopathy occurs in paraneoplastic syndromes
as well as hereditary and degenerative conditions and
also may be caused by radiation or electrical injury.

The time course, patient age, comorbidities, sys-
temic symptoms, presence or absence of peripheral
nervous system involvement, and localization to tracts
or regions within the spinal cord can help narrow the
extensive differential diagnosis for progressive myelop-
athy. Many etiologies are easily excluded by history,
imaging (eg, tumors), and serum and cerebrospinal
fluid analysis (eg, infections). However, the nonspecific
features of SDAVF and frequency of both upper motor
neuron signs (increased muscle tone and deep ten-
don reflexes) and lower motor neuron signs (flaccid
weakness, depressed deep tendon reflexes) can delay
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diagnosis, particularly in older adults who are likely
to have comorbid systemic diseases and/or cervical
spondylosis. Failure to respond to standard therapy
for other causes of myelopathy should trigger further
investigation.

Treatment

Treatment of SDAVF involves either an open lami-
nectomy with resection of the draining fistula or endo-
vascular occlusion of the responsible vessel.'® Open sur-
gery results in 98% fistula occlusion with 2% morbidity
but exposes the patient to surgical risks.'® Endovascular
embolization is advantageous in that it can be per-
formed at the time of angiography; however, this proce-
dure has lower permanent occlusion rates (30%—75%)
and can be complicated by atherosclerotic vessels.'
The success of endovascular techniques is improving
with changes in technology, endovascular occlusive
agents, and increasing experience. In a meta-analysis
of long-term outcomes after microsurgery, the authors
concluded that 55% of patients treated for SDAVF
showed clinical improvement in gait, 11% had wors-
ened gait, and the rest remained stable. Improvements
in micturition were less favorable, with only 33% show-
ing improvement.'® Prognosis is related to the level of
disability at diagnosis. Improvements occur in activities
of daily living with the greatest benefit in motor and
pain symptoms, followed by sensory symptoms, and last-
ly by bowel and bladder deficits.” Indications for repeat
spinal angiography include failure to improve, further
clinical deterioration, or a delayed deterioration with
persistent abnormalities on MRI, which can indicate a
lack of occlusion or a second fistula.'

CONCLUSION

Although SDAVF is a known cause of progressive
myelopathy, it is frequently overlooked because its clini-
cal features overlap with more common causes of my-
elopathy and because neuroimaging may be normal.
As SDAVF has a better outcome when diagnosed earlier
in the disease course, it should be considered in the dif-
ferential diagnosis of selected patients, such as older
patients (particularly men) with progressive myelopathy.
High clinical suspicion for SDAVF when neuroimaging
is ambiguous should prompt angiography to avoid delay
in this treatable condition. HP
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Table. Differential Diagnosis of Nontraumatic Progressive
Myelopathy

Infection

Spinal epidural abscess

HIV/AIDS myelopathy

Human T-cell lymphotropic virus type |
Syphilis

Tuberculosis

Schistosomiasis

Lyme disease

Acute viral myelitis

Spinal cord neoplasm

Intramedullary primary tumors

Intramedullary metastases

Intradural extramedullary tumors

Extradural primary tumors, malignant or benign

Vascular diseases
Ischemia/infarct
Vascular lesions
Neoplasms
Hemangioblastomas
Cavernous malformations
Aneurysms
Arteriovenous lesions
Fistulas (eg, spinal dural arteriovenous fistula)
Malformations

Musculoskeletal disease
Cervical spondylosis
Lumbar canal stenosis

Inflammatory disease
Transverse myelitis

Multiple sclerosis

Systemic lupus erythematosus
Sjogren’s syndrome
Rheumatoid arthritis
Sarcoidosis

Paraneoplastic syndrome

Nutritional/toxic causes
Vitamin B,, or E deficiency
Nitrous oxide toxicity
Copper deficiency

Radiation myelopathy

Inherited and degenerative myelopathies
Amyotrophic lateral sclerosis

Hereditary spastic paraplegias
Adrenoleukodystrophy

Friedreich’s ataxia

Other

Electrical injury

Hepatic myelopathy

Decompression sickness myelopathy
Syringomyelia
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