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N-butyl 2-cyanoacrylate Embolization of Spinal Dural
Arteriovenous Fistulae

Joon K. Song, Y. Pierre Gobin, Gary R. Duckwiler, Yuichi Murayama, John G. Frazee, Neil A. Martin, and
Fernando Viñuela

BACKGROUND AND PURPOSE: Because they are not well established, we investigated the
technical success and recurrence rates of n-butyl 2-cyanoacrylate (NBCA) embolization of spi-
nal dural arteriovenous fistulae (SDAVF), and assessed clinical outcomes.

METHODS: We retrospectively studied all patients with SDAVF treated by NBCA emboli-
zation at our institution over an 8-year period. Gait and micturition disabilities were analyzed.
Follow-up periods averaged 3.1 years (range, 1 month to 8.9 years).

RESULTS: NBCA embolization was feasible in 74% (20/27) of patients. Of 20 patients who
underwent embolization, initial embolization failure occurred in two (10%) and fistula occur-
rence in three (15%). All five patients in whom NBCA embolization failed underwent surgery.
All patients who underwent embolization had either improved (55%) or unchanged (45%) gait
disability at last follow-up. Seventeen (85%) patients had improved (40%) or unchanged (45%)
micturition disability, but three (15%) had worsened. Mean Aminoff gait disability grade sig-
nificantly decreased at last follow-up (2.4 [1.4] average [SD] vs 3.2 [1.4] [P 5 .0008]). Mean
micturition disability grade decreased, but not significantly (1.4 [1.0] vs 1.7 [1.1] [P 5 .28]).

CONCLUSION: NBCA embolization of SDAVF was technically feasible in 75% of patients.
Initial apparent successful embolization was achieved in 90%; the fistula recurrence rate (fail-
ure to occlude the draining vein) for NBCA was 15%. Comparing favorably to surgical series,
NBCA embolization of SDAVF appears efficacious, significantly improving mean gait disability
by almost one grade at last follow-up. Close clinical and angiographic surveillance is manda-
tory. Longer and more uniform follow-up is needed to determine if clinical improvement and
stabilization after NBCA embolization are sustained.

As an alternative to the surgical treatment of spinal
dural arteriovenous fistulae (SDAVF), interruption
of the intradural draining vein can be achieved by
endovascular embolization with liquid embolic ma-
terial (1–5). Because isobutyl 2-cyanoacrylate
(IBCA) (6) is no longer commonly used, n-butyl
2-cyanoacrylate (NBCA) is considered to be the
optimal embolic agent for SDAVF embolization.
Nevertheless, the efficacy and recurrence rates of
NBCA-treated SDAVF have yet to be firmly estab-
lished. Furthermore, regardless of whether surgery
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or endovascular embolization excludes the arterio-
venous fistulae, studies investigating clinical out-
come and prognostic factors of treated SDAVF are
relatively limited and have been mostly descriptive
(2, 4, 7–12). In particular, the reported technical
experience of SDAVF embolized with NBCA and
their clinical outcome assessments are scarce (1, 2,
4, 11, 13, 14). Prior series that have used IBCA (1,
4) or other embolic material (11, 13), have reported
on few patients (14), have had relatively short fol-
low-up periods, or have described limited clinical
follow-up data qualitatively without disability as-
sessment (4).

Although most clinical series have documented
improvement or stability in functional status for the
majority of treated patients, the longevity of treat-
ment results and the degree to which patients are
expected to improve after treatment have not been
well established (8). Moreover, although it has been
suggested that younger patients with shorter dura-
tion of symptoms before treatment have better out-
comes (4, 8, 9, 11), it is unknown whether the ex-
tent of cord edema or ischemia and the prominence
of perimedullary vessels on pretreatment MR im-
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TABLE 1: Aminoff & Logue’s scale of disability (10)

Gait Micturition

G0 Normal M0 Normal
G1 Leg weakness, abnormal gait

or stance, but no restriction of
activity

M1 Hesitancy, urgency, fre-
quency, altered sensation,
but continent

G2 Restricted activity but not re-
quiring support

M2 Occasional urinary incon-
tinence or retention

G3 Requiring one stick for walk-
ing

M3 Total incontinence or per-
sistent retention

G4 Requiring two sticks, crutch-
es, or walker

G5 Confined to wheelchair

TABLE 2: Symptom distribution on initial evaluation and at time
of diagnosis*

Initial
Symptoms

Symptoms at
Diagnosis

Back pain
Root pain
Leg weakness
Sensory deficit
Micturition disorder
Defecation disorder
Sexual dysfunction

5 (25%)
0 (0%)

15 (75%)
14 (70%)
1 (5%)
0 (0%)
0 (0%)

6 (30%)
2 (10%)

18 (90%)
18 (90%)
17 (85%)
11 (55%)
3 (15%)

* Other diagnoses: lumbar stenosis 5 (25%); disk herniation 1 (5%);
diabetic neuropathy 1 (5%); benign prostatic hypertrophy 1 (5%); pe-
ripheral vascular disease 1 (5%); stroke 1 (5%); chronic venous in-
sufficiency 1 (5%).

ages or the degree of their resolution or persistence
on follow-up MR examinations is prognostic for
functional recovery (15).

Methods
From April 1991 to March 1998, 20 patients (16 [80%] men

and four [20%] women aged 47–83 years [mean, 66 years])
who had angiographically proven SDAVF with pial venous
drainage underwent NBCA embolization at our institution. If
NBCA embolization failed to show occlusion of the fistulae,
either during initial embolization or follow-up spinal angiog-
raphy, surgery was then performed. In seven additional pa-
tients, NBCA embolization was not technically feasible; these
patients were treated surgically without an embolization
attempt.

The medical records of all patients were retrospectively re-
viewed. Up-to-date information was gathered by outpatient re-
view (seven treated patients) and phone questionnaire (13 treat-
ed patients). In cases of death, functional status prior to death
was obtained from family members. Pre- and postintervention
spinal MR examinations and follow-up spinal angiograms were
retrospectively reviewed. If unavailable, information was ob-
tained from dictated reports. Gait and micturition disabilities
(Table 1) were recorded prior to any intervention and at last
follow-up.

All patients were treated under general anesthesia to mini-
mize patient motion and optimize digital subtraction angiog-
raphy (DSA) and roadmapping. If no fistula was found after
selective thoracic and lumbar injections, and delayed venous
filling was present at the artery of Adamkiewicz, comprehen-
sive selective spinal angiography was performed, including in-
jection of common cartotid, vertebral, thyrocervical, costo-
cervical, and internal iliac arteries. When the fistula was
identified, superselective catheterization was performed using
a variably stiff microcatheter with the aid of digital fluoroscopy
and roadmapping. DSA runs were performed to improve vi-
sualization of the fistula and to exclude the presence of anterior
or posterior spinal arteries. When the microcatheter was posi-
tioned as closely to the fistula as possible, angiographic flow
characteristics were analyzed to determine if NBCA could
safely reach the proximal intradural draining vein. If emboli-
zation was deemed unsafe, the procedure was terminated, and
an immediate surgical recommendation was made. If emboli-
zation was deemed safe, multiple test injections with contrast
material were performed to gauge flow characteristics. Then,
using a single-column technique, 0.2 to 0.3 cc of the 25% to
33% diluted NBCA:Ethiodol mixture was injected under direct
fluoroscopic guidance. After delivery of NBCA, the micro-
catheter was promptly removed to prevent inadvertent catheter
adhesion to the vessel. Control spinal angiography was then
performed from at least two levels above to at least two levels
below the shunt level bilaterally. Venous phase response of the

artery of Adamkiewicz was also evaluated by use of control
angiography (normal , 12 s). If the fistula persisted after em-
bolization, surgical recommendation was made. If the patient’s
physical examination was worse after embolization, spinal MR
imaging and another spinal angiogram were performed. If the
repeat spinal angiogram revealed no residual fistula and an
exceptional second fistula could not be identified, patients were
treated with anticoagulants, steroids, and hypertensive volume
expansion therapy. During follow-up spinal angiography, se-
lective spinal angiography was performed.

Pre- and postintervention mean gait and micturition dis-
ability grades were compared for statistically significant dif-
ferences by using the Wilcoxon rank-sum test. Pre- and pos-
tintervention gait disability change (better, same, worse
categories) at last follow-up were correlated with age, dura-
tion of symptoms before treatment (before 18 months and
before 30 months), preintervention disability, superior extent
of abnormally high T2 signal within the spinal cord on prein-
terventional MR images, and degree of resolution of abnormal
T2 cord signal on follow-up MR images. These correlations
were statistically analyzed using Fisher’s exact test probabili-
ties. For Fisher’s exact tests, contingency tables (2 3 2) were
constructed to differentiate between proportions of patients
who were improved versus patients who were either unchanged
or worse.

Results

Clinical Data
The most frequent initial symptom was leg

weakness (75%) followed by sensory deficit (70%).
Almost all patients had a triad of leg weakness,
sensory deficit, and micturition disorder by the time
of diagnosis (Table 2). The average time from ini-
tial symptoms to diagnosis was 1 year 9 months
(range, 3–60 months). Eighty percent of patients
had progressive symptoms, whereas 20% had both
progressive and stepwise worsening. Myelograms
obtained from 20% of patients suggested the di-
agnosis of spinal arteriovenous malformation,
whereas 80% of patients underwent MR examina-
tions that showed cord edema and/or perimedullary
vessels, suggesting the diagnosis (Table 3).

The most common fistula locations were T12,
followed by T6, L2, and S3 (Fig 1). Twelve fistulae
were on the right; nine were on the left (one patient
had two concurrent fistulae at distinctly different
levels).
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TABLE 3: Spine MR examination findings before NBCA emboli-
zation

Cord edema* 16 (89%)†

Upper thoracic
Mild thoracic
Lower thoracic
Conus

1 (6%)
6 (33%)
6 (33%)
3 (17%)

Cord swelling
Perimedullary vessels
Hemorrhage
Necrosis suggested

7 (39%)
16 (89%)
0 (0%)
0 (0%)

* Superior extent recorded.
† Percentages with respect to those with pretreatment MR (18 patients).

FIG 1. Distribution of 21 SDAVF in 20 patients treated with
NBCA embolization.

TABLE 4: Treatment profile of twenty patients with SDAVF em-
bolized with NBCA

Number of
Patients

Total embolization procedures 21
Number of patients with embolization only, no sub-

sequent surgery 15 (75%)
Number of patients with more than one emboliza-

tion procedure 1 (5%)
Endovascular complications* 1 (5%)

Total number patients with subsequent surgical
treatment 5 (25%)

Surgery after incomplete embolization
Surgery after fistula recurrence after embolization
More than one surgery
Surgical Complications†

2 (10%)
3 (15%)

1
1

* One patient with inadvertent ASA occlusion after embolization at
adjacent segmental level.

† Wound infection requiring incision and drainage (pseudomonas),
allowed to heal by secondary intent.

TABLE 5: Reasons NBCA embolization technically not feasible
(no embolization attempt) in seven additional patients

ASA filling on superselective injection 3
Angioarchitecture: vessels too small to catheterize for safe and

secure superselective NBCA injection 3
Severe aortic atherosclerosis 1

Treatment Data
Treatment data are summarized in Table 4. Fif-

teen (75%) patients were successfully treated with
NBCA embolization. Five (25%) patients were
treated by surgery after failed embolization. In
two (10%) patients, initial embolization failed to
occlude the proximal intradural draining vein
completely, as documented by control spinal an-
giography. In three (15%) patients, the SDAVF
continued to fill by collateral circulation that had

enlarged or developed, as documented on follow-
up spinal angiography. For the two patients with
initial embolization failure, surgery was per-
formed 2 and 13 days later, respectively. For the
three patients with embolization failure and fistula
recurrence, the average time from embolization at-
tempt to surgery was 50 days (range, 13–97 days).
Of the total 27 patients in whom SDAVF was con-
firmed by spinal angiography during the study pe-
riod, embolization was technically not feasible in
seven (23%) patients (Table 5), and therefore no
embolization was attempted. These patients had
their SDAVF treated surgically within the next 1
to 2 days.

Follow-up Imaging Data
Twenty-one follow-up spinal angiograms were

obtained from 13 (65%) patients; two follow-up an-
giograms were obtained from six patients each, and
three were obtained from one. The average time
from last treatment to initial follow-up spinal an-
giography was 204 days (range, 4 days to 3 years).
Seventeen follow-up spinal angiograms were neg-
ative for fistula recurrence, whereas four were pos-
itive. Three (15%) fistulae recurred after NBCA
embolization and one after surgery.

Twelve (67% of those with comparative stud-
ies) patients had both preintervention and follow-
up spinal MR examinations. The average time
from last intervention to follow-up MR imaging
was 96 days (range, 2–357 days). All follow-up
MR examinations showed some degree of de-
creased edema and perimedullary vessel promi-
nence. The majority of patients (67%) had resolu-
tion or marked decrease of T2 signal intensity,
indicating abnormal cord (Table 6). Perimedullary
vessel resolution was documented in 73% of
patients.

Clinical Outcome
The last time from latest intervention, either sur-

gery or embolization, to most recent follow-up
was 1124 days (3.1 years), ranging from 1 month
to 8.9 years (at 1 month [one patient], between
1–12 months [four patients], after 12 months
[15 patients]).

Comparing preintervetion and last follow-up
postintervention disability, ie, clinical outcome in
categorical terms, 11 (55%) patients had less gait
disability, whereas nine (45%) were unchanged.
No patient had worse gait disability. Therefore, all
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TABLE 6: Imaging results of those patients with follow-up MR (12 patients)*

Preintervention MR
(T1–4,T5–8,T9–12, conus)

Number of Patients
Preintervention

Resolution
Not Evident Marked Decrease Moderate Decrease Mild Decrease

High thoracic edema
Mild thoracic edema
Low thoracic edema
Conus edema only
Total
Percent edema change

1
4
5
2

12

0
2
2
1
5

(42%)

0
2
1
0
3

3 (25%)

0
0
2
1
3

3 (25%)

1
0
0
0
1

2 (17%)

* One patient without evident perimedullary vessels on preintervention MR images. Eight patients with resolution of perimedullary vessels; three
with decreased but still persistent perimedullary vessels.

TABLE 7A: Aminoff functional grades before and post interven-
tion for all NBCA-embolized patients (n 5 20)

Aminoff Grade
Before Treatment

Avg 6 SD
Aminoff Grade

at Last Follow-up

P values
(Wilcoxon

signed rank test)
(P , .05 5 SS 5

statistically
significant)

Gait
Micturition

3.2 6 1.4
1.7 6 1.1

2.4 6 1.4
1.4 6 1.0

.0008 SS

.28

TABLE 7B: Aminoff functional grades before and post interven-
tion, patients with NBCA embolization only with subsequent sur-
gery (n 5 15)

Aminoff Grade
Before Treatment

Avg 6 SD
Aminoff Grade

at Last Follow-up

P values
(Wilcoxon

signed rank test)
(P , .05 5 SS 5

statistically
significant)

Gait
Micturition

3.0 6 1.4
1.7 6 1.1

2.5 6 1.4
1.4 6 1.1

.0313 SS

.30

TABLE 8: Disability assessment results compared with preinter-
vention Aminoff functional grades*

Improved Same Worse

Gait

G0 5 0
G1 5 2
G2 5 9
G3 5 2
G4 5 9
G5 5 8

0
0
4
0
4
3

0
1
5
1
0
2

0
0
0
0
0
0

Total (n 5 20) 11 9 0

Micturition

M0 5 3
M1 5 9
M2 5 7
M3 5 11

0
2
3
3

1
3
2
3

2
1
0
0

Total (n 5 20) 8 9 3

* 2 3 2 contingency tables constructed G0–G2 vs G3–G5 and Im-
proved vs Same/Worse: not statistically significant

2 3 2 contingency tables constructed G4 vs all others and Improved
vs Same/Worse: P 5 .068, 1-tailed Fisher’s exact test probability, not
statistically significant

2 3 2 contingency tables constructed M0–M1 vs M2–M3 and Im-
proved vs Same/Worse: not statistically significant

20 NBCA-embolized (100%) patients with SDAVF
had improved or unchanged gait disability at last
follow-up. Overall, 17 (85%) patients had im-
proved or unchanged micturition disability at last
follow-up: eight (40%) patients were improved,
nine (45%) were unchanged, and three (15%) were
worse. For the NBCA embolization without sur-
gery group (15 patients), six (40%) patients had
less gait disability, whereas nine (60%) were un-
changed. No patient had worse gait disability.
Therefore, all 15 (100%) patients with SDAVF who
underwent successful NBCA embolization (no ini-
tial failure or fistula recurrence) had improved or
unchanged gait disability at last follow-up. In this
group of patients, 87% showed improved or un-
changed micturition disability at last follow-up:
five (33%) patients were improved, eight (53%)
were unchanged, and two (13%) were worse.

Comparing pre- and last follow-up postinterven-
tion disability in quantitative terms for all NBCA-
embolized patients, mean Aminoff gait disability
grade significantly improved (2.4 6 1.4 [average
6 SD] vs 3.2 6 1.4 [P 5 .0008]). Mean micturi-
tion grade was decreased, but not significantly (1.4
6 1.0 vs 1.7 6 1.1 [P 5 .28] (Table 7A). For
patients who underwent successful NBCA embo-
lization that did not require subsequent surgery,
mean Aminoff gait disability grade was also sig-
nificantly improved at last follow-up (2.5 6 1.4 vs
3.0 6 1.4 [P 5 .0313]). Mean micturition grade
was again decreased, but not significantly (1.4 6
1.1 vs 1.7 6 1.1 [P 5 .30]) (Table 7B). For patients
treated by surgery after undergoing NBCA embo-
lization (n 5 5), because of small numbers, Ami-
noff gait disability grades did not appear to be sig-
nificantly improved after treatment (2.0 6 1.6 vs

3.6 6 1.5 [P 5 .0625]), nor were micturition
grades (1.4 6 0.9 vs 1.6 6 1.1 [P 5 .88]).

Predictors of Outcome
Preintervention gait disability was not signifi-

cantly associated with improvement after treatment
(Table 8). Patients with grade 4 gait disability tend-
ed to benefit from treatment. Preintervention mic-
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TABLE 9: Disability assessment at last follow-up between groups
(duration of symptoms ,30 months vs $30 months before treat-
ment)*

Improved Same Worse

Gait

,30 months (n 5 15)
.30 months (n 5 5)

8
3

7
2

0
0

Total (n 5 20) 11 9 0

Micturition

,30 months (n 5 15)
.30 months (n 5 5)

6
2

8
1

1
2

Total (n 5 20) 8 9 3

* 2 3 2 contingency table constructed for ,30 months vs $30
months and Improved vs Same/Worse: not statistically significant

TABLE 10: Disability assessment at last follow-up between groups
(duration of symptoms ,13 months vs $18 months before treat-
ment)*

Improved Same Worse

Gait

,13 months (n 5 10)
$18 months (n 5 10)

5
6

5
4

0
0

Total (n 5 20) 11 9 0

Micturition

,13 months (n 5 10)
$18 months (n 5 10)

6
2

4
5

0
3

Total (n 5 20) 8 9 3

* 2 3 2 contingency table constructed for ,13 months vs $18 months
and Improved vs Same/Worse: not statistically significant

TABLE 11: Disability assessment at last follow-up between two
age groups (,65 yrs and $65 yrs)*

Improved Same Worse

Gait

#65 yrs (n 5 12)
.65 yrs (n 5 8)

6
5

6
3

0
0

Total (n 5 20) 11 9 0

Micturition

#65 yrs (n 5 12)
.65 yrs (n 5 8)

4
4

6
3

2
1

Total (n 5 20) 8 9 3

* 2 3 2 contingency table constructed for ,65 yrs vs $65 yrs and
Improved vs Same/Worse: not statistically significant

TABLE 12: Preintervention MR superior extent of cord edema
compared with clinical outcome*

Improved Same Worse

Gait

High-thoracic 1–4 (n 5 1)
Mid-thoracic 5–8 (n 5 6)
Low-thoracic (n 5 6)
Conus (n 5 3)
None (n 5 2)

0
3
3
2
1

1
3
3
1
1

0
0
0
0
0

Total (n 5 18) 9 9 0

Micturition

High-thoracic 1–4 (n 5 1)
Mid-thoracic 5–8 (n 5 6)
Low-thoracic (n 5 6)
Conus (n 5 3)

0
3
2
1

1
3
3
1

0
0
1
1

None (n 5 2) 1 0 1

Total (n 5 18) 7 8 3

* 2 3 2 contingency table constructed for high-/mid-thoracic vs low-
thoracic/conus/none and Improved vs Same/Worse: not statistically
significant

TABLE 13: Pre- and postintervention MR cord edema and peri-
medullary vessel response compared with clinical outcome*

Improved Same Worse

Gait

Resolution edema (n 5 5)
Marked decrease (n 5 3)
Moderate decrease (n 5 3)
Mild decrease (n 5 1)

1
2
2
0

4
1
1
1

0
0
0
0

Total (n 5 12) 5 7 0

Micturition

Resolution edema (n 5 5)
Marked decrease (n 5 3)
Moderate decrease (n 5 3)
Mild decrease (n 5 1)

2
1
2
0

2
2
1
1

1
0
0
0

Total (n 5 12) 5 6 1

Gait

Resolution perimedullary vessels
Decreased but present perimedul-
lary vessels

2
2

6
1

0
0

Total (n 5 13) 4 7 0

Micturition

Resolution perimedullary vessels
Decreased but present perimedul-
lary vessels

2
2

5
1

1
0

Total (n 5 13) 4 6 1

* 2 3 2 contingency table constructed for resolution/marked-de-
crease vs mod-/mild-decrease and Improved vs Same/Worse: not sta-
tistically significant

2 3 2 contingency table constructed for resolution perimedullary
vessels vs decreased but persistent and Improved vs Same/Worse: not
statistically significant

turition disability was not associated with improve-
ment after treatment.

No association was found between duration of
symptoms for fewer than 30 months and improved
clinical outcome (Table 9). For patients treated
within 13 months, micturition and gait disability
outcomes were not significantly improved (Table
10). No association was found between improved
clinical outcome and age (Table 11) or pre- (Table
12) and postintervention cord edema or perimedul-
lary vessel resolution on MR images (Table 13).

Discussion
The technical success and recurrence rates of

NBCA embolization of SDAVF are better than
those of embolization with polyvinyl alcohol par-
ticles (13, 16, 17), where the majority of patients
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will have a symptomatic recurrence, but they have
yet to be established firmly (4). In the largest avail-
able series, Berenstein’s experience as reported by
Niimi et al (4), 30 patients with SDAVF were
treated with NBCA embolization from 1988 to
1995, but only 12 patients were followed up lon-
ger than 12 months (average, 19 months). Con-
centrating on the technical aspects in Berenstein’s
series, 25 (75%) of 30 patients initially underwent
‘‘adequate’’ embolization with NBCA, and for
those patients treated with longer than a 1-month
follow-up, fistula recurrence was documented in
four (18%) of 22 patients.

In our NBCA series, initial apparent ‘‘adequate’’
embolization, as defined by Berenstein and Niimi
(4) (penetration of NBCA to the fistulae or draining
vein or both; angiographic disappearance of the fis-
tulae or their drainage after embolization [deter-
mined by bilateral angiography of two pedicles
above, two pedicles below, and at the level of the
shunt]; no compromise of venous drainage of the
spinal cord after embolization), was achieved in
18 (90%) of 20 patients. Two (10%) patients had
residual filling of their fistulae on immediate pos-
tembolization spinal angiograms and were prompt-
ly treated surgically. Three (15%) patients had an-
giographically verified fistula recurrence, despite
initial apparent ‘‘adequate’’ embolization, and un-
derwent subsequent surgery for definitive treat-
ment. This suggests that, even in experienced
hands, the initial apparent technical success rate of
NBCA embolization of SDAVF is 75% to 90%,
and that the recurrence rate is at least 15% to 20%.
However, in our experience, when NBCA can
clearly be documented to be in the draining vein
after embolization, the recurrence rate is zero. If
we are not confident that NBCA has occluded the
draining vein, yet embolization appears ‘‘ade-
quate,’’ short-term follow-up spinal angiography is
recommended, and is typically performed within 1
month.

We attempted NBCA embolization in 75% of
27 consecutive patients with SDAVF (percentage
unknown in Berenstein’s series). One in four pa-
tients were treated surgically without an emboli-
zation attempt, most commonly as a result of an
anterior spinal artery arising from the same pedicle
or unfavorable small angioarchitecture, preventing
safe microcatheter positioning. Currently, diagnos-
tic catheters (eg, Simmons, Cobra) serve as guiding
catheters for the microcatheters, but this is not op-
timal. The future development of specialized spinal
guiding catheters with softer and more suitably
shaped tips, as well as smaller and safer micro-
catheters and microguidewires, will help overcome
these anatomic and technical limitations, and will
likely decrease the fistula recurrence rate.

The serious complications of spinal angiography
and embolization are primarily related to ischemic
injury to the spinal cord. In a retrospective analysis
of spinal arteriography in 96 consecutive patients,
Forbes et al (18) found transient neurologic deficits

in 2.2% (two patients recovering within 24 hours
and 1 patient within 1 week). Niimi et al (4) de-
scribed no neurologic complications in their
SDAVF embolization series. One complication oc-
curred in our series. During NBCA embolization,
an anterior spinal artery occlusion occurred at an
adjacent level, leading to a transient neurologic def-
icit. Prior to embolization, this 59-year-old man had
41/5 motor strength of his proximal lower extrem-
ities, walked independently but with restricted ac-
tivity, and had occasional bladder incontinence.
The left T10 feeding fistula was occluded with
NBCA; however, on subsequent control angio-
grams, injection of the left T9 pedicle showed that
the anterior spinal artery no longer filled. The pa-
tient immediately experienced worsening lower ex-
tremity motor weakness, examined at 4/5 proxi-
mally, and the sensation of leg ‘‘heaviness.’’ He
was promptly administered steroids and underwent
anticoagulant and hypertensive/hypervolemic ther-
apy. Posttreatment CT revealed high-attenuation
material (NBCA) anterior to the cord at T9, with
more high-attenuation material posteriorly at T10
and T11 at the level of the fistula. At the time of
discharge, however, the patient had 5/5 motor
strength and felt improved compared with his pre-
treatment status.

From what is known of the natural history of
untreated patients with SDAVF (10), once leg
weakness or disturbance of gait develops, it often
progresses rapidly until the patient is severely dis-
abled (gait grade 4 and 5). Progressive myelopathy
from presumed venous hypertension (9, 19, 20) is
unrelenting, with almost no possibility of sponta-
neous improvement. It is estimated the 50% of un-
treated patients will be severely disabled within
3 years of leg weakness onset (10). However, with
the development of microsurgical techniques (7–9,
21, 22) and later endovascular techniques (1), treat-
ment of SDAVF has advanced rapidly, and SDAVF
are now considered curable. Unfortunately, despite
advances in MR imaging and digital subtraction an-
giography, and increased clinical awareness of the
disease, early and timely diagnosis of SDAVF re-
mains a challenge. Therefore, although the disease
is curable, the longstanding myelopathy is rarely
completely reversible. Nonetheless, surgery or em-
bolization improves or stabilizes symptom progres-
sion in most patients. It is unknown, however,
whether clinical improvement after treatment is
sustained in long-term follow-up (8).

All 20 patients who underwent NBCA emboli-
zation had improved (55%) or unchanged (45%)
gait disability at last follow-up. The main benefit
of NBCA embolization for patients disabled by
SDAVF seems to be an expected improvement in
gait disability. At last follow-up, mean Aminoff
gait disability grades were significantly improved
(2.4 6 1.4 (average 6 SD) vs 3.2 6 1.4 [P 5
.0008]). Furthermore, despite severe preinterven-
tion gait disability and prolonged symptoms before
treatment, some of these patients improved. These
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results for NBCA embolization compare favorably
with the outcomes of available surgical series.

The longest follow-up study for surgically treat-
ed patients with SDAVF is Symon et al’s series
(9), as reported by Tacconi et al (8). Twenty sur-
gically treated patients were followed up beyond
3 years, with follow-up ranging from 3 to 24
years. They found that at 18 to 36 months after
surgery, improvement (particularly regarding gait)
and stabilization of total disability (gait, micturi-
tion, and bowel control) was documented in 84%
of patients. However, at last follow-up (mean, 147
months), only 35% of available patients were im-
proved or stabilized (8). In another series, Oldfield
et al’s study (22) as reported by Afshar et al (7),
19 patients were followed up a mean of 37
months. They showed a significant improvement
of less than one grade (0.4) in mean gait disability
at last follow-up.

Tacconi et al’s (8) and Symon et al’s series (9)
assessed overall disability without investigating its
components separately. Afshar and colleagues (7)
and Oldfield et al (2) did not investigate micturition
disability. In our series, although 17 (85%) patients
had improved (40%) or unchanged (45%) mictu-
rition disability at last follow-up quantitatively
(three patients [15%] were worse), mean micturi-
tion disability grade was not significantly lowered
after NBCA embolization (1.4 6 1.0 vs 1.7 6 1.1
[P5.28]). Although improvement in micturition
occurred on an individual basis as a component of
total disability, micturition disability improvement
was less consistently seen after treatment. The post-
treatment prognosis of SDAVF-induced micturition
disability, and likely bowel disability, is worse than
for gait disability.

As suggested by others (8, 9), younger age (,65
years) did not correlate with improved clinical out-
come at last follow-up. Moreover, contrary to the
intuitive concept that shorter duration of symptoms
and better pretreatment disability status correlates
with clinical improvement after treatment (4, 8, 9,
11, 22), in our patients no such correlation was
found. In addition to the relatively small number
of patients in the study, a further limitation was
uniform follow-up could not be obtained; therefore,
selection bias likely explains in part this discrep-
ancy. Nonetheless, elderly patients with longstand-
ing severe gait or micturition disability should not
be dissuaded from surgical or embolic treatment
of their SDAVF because they may benefit
significantly.

Some authors have investigated a possible cor-
relation between MR findings and clinical improve-
ment (15). We found no correlation with clinical
improvement and preintervention superior extent of
abnormally high T2 signal intensity of cord, degree
of resolution of abnormal cord signal on postinter-
vention MR images, and degree of resolution of
prominent perimedullary vessels on postinterven-
tion MR images. Most patients had resolution or
marked decrease of abnormally high T2 signal in-

tensity of cord on follow-up MR images. This im-
plies that patients with treated SDAVF with clinical
deterioration should undergo a follow-up spinal an-
giogram to exclude fistula recurrence, regardless of
the MR imaging findings. Nonuniform and incom-
plete follow-up MR imaging was present, leading
to selection bias, which could mask a significant
correlation. Also, abnormal cord signal and peri-
medullary vessels are macroscopic manifestations
of SDAVF venous hypertension and ischemia; per-
manent microscopic cord injury may not be evident
despite the resolution of overt MR imaging signal
abnormalities.

Conclusion
NBCA embolization of SDAVF was technically

feasible in 75% of patients. When embolization
was attempted, initial apparent ‘‘adequate’’ embo-
lization was achieved in 90%. NBCA failed to oc-
clude the draining vein in 15% of patients who un-
derwent embolization. Comparing favorably to the
follow-up results of available surgical series, suc-
cessful NBCA embolization of SDAVF appears ef-
ficacious, significantly improving patients’ gait dis-
ability by almost one grade at follow-up. Although
NBCA embolization offers the benefits of less in-
vasiveness and earlier rehabilitation because em-
bolization is not technically feasible in up to 25%
of patients and the recurrence rate is relatively
high, close collaboration with an experienced neu-
rovascular surgeon and vigilant clinical and angio-
graphic follow-up are recommended. No clinical or
imaging prognostic factors were found. Continued
and more uniform long-term follow-up is needed
to verify that improved and stabilized gait and mic-
turition disability after NBCA embolization is
lasting.
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