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-BACKGROUND: Long-term outcomes following occlu-
sion of spinal dural arteriovenous fistula (SDAVF) are
poorly understood and are based on small series reporting
predominantly short-term outcomes. The degree and dura-
tion of improvement remain unclear. In this study, we
analyzed long-term outcomes following occlusion in a
cohort of patients with SDAVF.

-METHODS: This was a single-center cohort study of
patients with SDAVF identified from a prospective data-
base. Outcomes were assessed using a modified Aminoff
and Logue Disability (ALD) Scale, the modified Rankin
Scale (mRS), and patient-reported outcomes at presenta-
tion and long-term follow-up. Both angiographic recanali-
zation and idiopathic functional recurrence rates were
calculated.

-RESULTS: Of the total of 67 patients with SAVDF identi-
fied, 59 were eligible for inclusion in this study. Fifty-seven
of these 59 (97%) underwent occlusion. Twenty-two patients
underwent initial embolization; 12 were occluded. Two
patients recanalized. Eleven patients underwent surgery
after attempted embolization; 10 were occluded. Thirty-
seven patients treated by surgery only were occluded.
The median duration of follow-up was 63 months (range,
12e240 months). After occlusion, the ALD gait and urinary
scores improved by a median of 1 point. Although the me-
dian mRS score was unchanged, 49% of the patients
experienced improvement, most by 1 point. There was no
difference between the patients occluded by embolization

or surgery, but those requiring both approaches had worse
gait and urinary scores (P [ 0.005 and 0.03, respectively).
The duration of symptoms by itself had no effect on out-
comes (P [ 0.61). Following occlusion, 5 patients experi-
enced an idiopathic late functional deterioration. Of 16
patients presenting with paraplegia, 13 (81%) improved,
with a median mRS improvement of 1 point.

-CONCLUSIONS: Following occlusion, patients with
SDAVF experienced a modest improvement in symptoms,
most commonly by 1 point on the ALD scale. Idiopathic late
deterioration was seen in 9.1% of patients.

INTRODUCTION

Since the first report of the aggressive natural history of
spinal dural arteriovenous fistulae (SDAVF) by Aminoff and
Logue in 1974,1 there have been numerous reports

describing the management of these lesions. Unfortunately,
owing to SDAVF’s low incidence, the series are invariably small,
and it remains difficult to gather extensive experience,
particularly data on long-term outcomes.
Among the main areas still needing clarification is the degree to

which patient symptoms improve after successful occlusion, with
the different reported rates measured on different scales making
meaningful interpretation difficult. The greatest disagreement
exists among patients presenting with paraplegia, in whom
reported rates of return to walking have ranged from 0 to 100%.2,3

It also remains to be established whether improvement is
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Abbreviations and acronyms
ALD: Aminoff and Logue Disability
MRI: Magnetic resonance imaging
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determined based primarily on the duration of symptoms or on
the severity of symptoms at the time of treatment. Furthermore,
although it is accepted that when occlusion is achieved, there is
little difference in outcomes between surgical and endovascular
modalities, whether repeat procedures or combined modalities
have poorer outcomes, owing to either the treatment or the delay
to occlusion, is less clear. Finally, we also have observed that many
of these patients report subjective changes in their symptoms
years after occlusion that necessitate reinvestigation. This deteri-
oration is akin to the late deterioration observed in patients pre-
viously treated for cervical spondylotic myelopathy.4 This
phenomenon has been poorly described, and the durability of
symptom improvement over time is unclear.
Therefore, we reviewed our unit’s experience with patients with

SDAVF over a 22-year period, to assess the impact of occlusion on
the long-term functional outcomes and establish the rate of late
deterioration.

METHODS

Case Selection
All patients presenting to the Wessex Neurological Centre,
Southampton, with a new diagnosis of SDAVF have been recorded
prospectively since 1992. From this database, we identified 67
cases of SDAVF presenting between 1992 and 2014. All patient
notes and imaging were reviewed retrospectively. Local gover-
nance registration and approval was obtained.
Patients with angiographically proven SDAVF associated with

spinal dysraphism (n ¼ 3) were excluded from this analysis,
because they might be expected to have a different functional
recovery, and are subject to a separate report. Five patients with
SDAVF diagnosed based on typical findings on magnetic reso-
nance imaging (MRI) were excluded as well. Reasons for not
obtaining angiographic diagnosis in these cases were no arterial
access in elderly patients (n ¼ 2), patient refusal of angiography
for incidental asymptomatic SDAVF (n ¼ 1), and negative angio-
gram despite highly suspicious MRI findings (n ¼ 2). The
remaining 59 patients with angiographically diagnosed SDAVF
were included in our analysis (Figure 1).
All analyzed patients had a type 1 dural arteriovenous fistula5 or

dorsal spinal arteriovenous fistula as described more recently by
Spetzler et al.6,7 We also identified 4 patients with ventral spinal
arteriovenous fistula, previously referred to as perimedullary fis-
tula or type 4 fistula,8 which we excluded from this series because
they represent a distinct entity fed by the anterior spinal artery and
is a much more technically challenging lesion to treat.

Clinical Management
During the study period, it was our practice to first offer endo-
vascular embolization in all cases with adequate access to the
fistula with stable catheter position and absence of feeding vessels
to the spinal cord. Embolization was routinely performed with
n-butyl cyanoacrylate glue. Surgery was offered if this was not
deemed possible or attempted embolization failed to occlude the
fistula. In cases where the fistula could not be embolized, our
practice was to place a detachable coil in the segmental arterial
branch at the level of the fistula to act as a marker and aid surgical
localization of the fistula. Surgery was performed using standard

microsurgical techniques including hemilaminectomy, durotomy,
identification of the nerve root, and excision of a segment of the
fistulous vessel. All patients were offered postoperative MRI and
clinical review at 3 months to confirm occlusion of the fistula, and
spinal angiography was performed only in those patients showing
no improvement on MRI or clinical evaluation. This policy aimed
to prevent unnecessary spinal angiography and its inherent risks
while ensuring that no residual fistulae were missed.
A small number of patients early in this series underwent purely

diagnostic spinal angiography to guide the choice of treatment
modality. In this group, any second spinal angiography was
considered an attempt at endovascular treatment, whereas in all
others, an attempt at embolization was defined as injection of any
embolic agent.

Outcomes
The patients’ clinical condition was assessed from clinical notes
preoperatively, at the first clinic visit postoperatively, and at last
clinic visit or telephone follow-up. Gait, urinary, and functional
outcomes were scored on the modified Aminoff and Logue (ALD)
scale9 and modified Rankin Scale (mRS)10 (Table 1).

Statistics
The c2 or Fisher exact test was used to compare the number of
patients with improved outcomes in different treatment groups.
The level for significance was set at 5%.

RESULTS

Fifty-nine patients with angiographically proven SDAVF (47 males
[80%], 12 females [20%]) were analyzed. The mean patient age
was 63 years (range, 30e88 years). Eleven patients (18%) reported
a history of previous spinal trauma. The 59 cases of SDAVF
included 3 cervical (5.0%), 37 thoracic (63%), 13 lumbar (22%),
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Figure 1. Overview of the procedures performed on the 59 patients with
angiographically proven spinal dural arteriovenous fistulas and their
success or failure in occluding the fistula. SDAVF, spinal dural
arteriovenous fistula.
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