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Purpose: To assess the effectiveness, initial and long term, of embolization using polyvinol alcohol 
particles (PV A) particles in patients with spinal dural arteriovenous fistulas (SDA VF). Methods: 
The initial treatment in 14 patients with SDA VF was embolization with PV A particles. Postembo

lization occlusion of the SDA VF was documented angiographically in all cases. Results: All 14 

patients initially showed an improvement in clinical symptoms, but the neurologic status of 11 
patients subsequently deteriorated. Of the 11 patients who had recurrence of symptoms, nine had 
angiographically proven recurrences of their SDA VF while two had negative follow-up of spinal 

angiography. PV A embolization is ineffective for the treatment of SDA VF and is not without risk. 
Conclusion: On the basis of a literature review of the other two alternative treatments (operation 

or liquid adhesive embolization) available for SDA VF and our preliminary experience with N-butyl 
cyanoacylate (NBCA) embolization, we suggest that NBCA embolization be the initial treatment of 

choice for SDA VF; if that procedure is not possible, or is unsuccessful, then operation is 

recommended . 
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Vascular malformations of the spinal canal that 
derive their arterial supply from dural arteries and 
that drain into medullary veins were recognized 
as a distinct pathologic entity in 1977 by Kendall 
and Logue ( 1) and were described as being epi
dural in location. Angiotomographic evaluation 
revealed a close topographic relationship of the 
vascular malformation to the nerve root sheath. 
A single draining vein was formed at the level of 
the dura and became slightly dilated along its 
intrathecal course (2). This description led to the 
term "radiculomeningeal arteriovenous fistula," 
which later has been referred to as "spinal dural 
arteriovenous fistula (SDA VF) draining into med
ullary veins" (3). Histologic evaluation of SDA VF 
demonstrates that the "nidus" is a network of 
collaterals of dural arteries; this network repre
sents the extradural arterial pedicle that feeds the 
fistula . The arteriovenous (AV) shunt is transdural 
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in location and the draining vein is intradural in 
location (4). 

The generally accepted pathophysiologic basis 
for the neurologic deficits associated with 
SDAVF, as proposed by Aminoff et al (5) in 1974, 
is that an increase in spinal cord venous pressure 
secondary to the A V shunt results in reduced 
intramedullary blood flow, which leads to an 
ischemic myelopathy. 

Merland et al (2) injected the anterior spinal 
art¢ry (of Adamkiewicz) in patients with SDAVF 
and interpreted the lack of normal venous drain
age as a direct sign of congestion of the circula
tion. Angiography showed that the medullary 
venous system was filled by the SDA VF but 
lacked outflow from radicular veins. Intraopera
tive measurement of the intravascular pressure 
of intrathecal perimedullary draining veins has 
demonstrated mean pressures of 60% to 87.5% 
of mean systemic arterial blood pressure (6). The 
coexistent problems are thus congestion of the 
circulation and poor drainage of the spinal cord 
by radicular veins. 

Most authorities agree that the basis of any 
therapy for SDA VF should be elimination of the 
A V shunt within the dura or disconnection of the 
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TABLE 1: Clinical and angiographic findings in 14 patients with SDAVF who underwent embolization with PVA particles 

Age (yr)/ 
Duration of Clinica l Primary Arterial 

Case 
Sex 

Symptoms before Supply to 

Diagnosis (mo) SDAVF 

60/ M 12 Left T4 

2 71 / F 18 Right T9 

3 58/ M 36 Right T10 

4 51 / M 6 Left T11 

5 70/ M 36 Right L3 

6 54/ F 24 Right L1 

7 69/ M 4 Right T7 

8 64/ F 48 Right T5 and T6 

9 74/ F 36 Left superior lat-

eral sacral 

10 57/ M 3 Left T10 

11 54/ M 4 Right T8 

12 70/ M 24 Right T8 

13 60/ F 36 Left T8 

14 65/ M 12 Right T6 

Note.-LLE, left lower extremity; NA, not applicable. 

arterialized draining vein from the coronal venous 
plexus of the spinal cord to thereby improve the 
A V pressure gradient within the spinal cord. 

The preferred management of SDA VF remains 
controversial. Early investigators (7, 8) advocated 

Clinical Course after Findings on Follow-up 

Embolization Angiography 

1) initial improvement Recurrence at left T4 6 mo 

for 6 mo, then relapse after first embolization 

2) Triparesis secondary Recurrence at left T4 22 mo 

to embolization after second embolization 

Initial improvement for Negative, 28 mo after em-

25 mo, then relapse bolization 

Initial improvement for 7 Recurrence at right T 1 0 16 

mo, then relapse mo after embolization 

1) Initial improvement Recurrence at left T12 5 mo 

for 2 mo, then relapse after first embolization 

2) No improvement Recurrence at left T12 1 mo 

after second embolization 

Mild initial improvement, NA 

then stable course un-

til last follow-up 36 

mo after embolization 

Mild initial improvement Recurrence at right T7 5 mo 

for 5 mo, then relapse after embolization 

Initial improvement for 8 Recurrence at right T7 41 

mo, then relapse mo after embolization 

Improvement and stable NA 

Temporary worsen ing of Negative, 5 mo after embo-

LLE paresis, then im- lization 

provement and stable 

1) Initial improvement Recurrence at left T10 8 mo 

for 7 mo, then relapse after first embolization 

2) Initial improvement Recurrence at left T10 9 mo 

for 6 mo, then relapse after second embolization 

Initial improvement for 4 Recurrence at right T8 4 mo 

mo, then relapse after embolization 

1) Mi ld initial improve- 1) Recurrence at right T8 11 

ment for 7 mo, then mo after 1st embolization 

relapse 

2) No improvement 2) NA 

Initial improvement for 1 Recurrence at left T8 2 mo 

mo, then relapse after embolization 

Initial improvement for 8 Negative follow-up angiog-

mo, then relapse raphy 7 and 21 mo after 

embolization 

embolization with particulate materials as the 
initial treatment, and many medical centers still 
use this approach despite recent reports (9, 10) 
documenting recurrences of SDA VF after this 
therapy. Others have advocated embolization 
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A 8 c 
Fig. 1. Recurrence of SDA VF after embolization with PV A particles. 
A, Spinal angiogram obtained before embolization demonstrates SDAVF arising from left T10 intercostal artery. 
B, Spinal angiogram obtained immediately after embolization of left T -10 intercostal artery demonstrates occlusion of SDA VF. 
C, Follow-up angiogram obtained 8 months after the first particulate embolization procedure shows recurrence of left T - 10 SDA VF. 

with liquid adhesives (2, 3, 11-13) or operation 
to eliminate the AV shunt (9, 10, 14, 15). 

We report our experience with 14 patients who 
had SDA VF and were initially treated by emboli
zation with particulate materials. We also discuss 
the reasons for the disappointing results of this 
treatment and the rationale for our proposal that 
embolization with JY-butyl cyanoacylate (NBCA) 
be the initial therapy for most patients with 
SDAVF. If NBCA embolization is not possible or 
is unsuccessful, surgical removal is an alternative 
therapy. 

Materials and Methods 

We retrospectively reviewed the histories and radio
graphic findings of 16 consecutive patients seen at our 
institution between 1982 and 1986 who underwent embo
lization with polyvinyl alcohol (PV A) particles as the initial 
form of therapy for SDAVF. Two patients were lost to 
long-term follow-up ; therefore, the series consists of the 
remaining 14 patients for whom follow-up information was 
available. 

Table 1 summarizes the pert inent clinical and angio
graphic findings in the 14 patients. The average age of the 
14 patients (9 men and 5 women) was 63 years (range, 
51-74 years). All patients presented with a history of 
progressive paraparesis, and upper and lower motor neuron 
abnprmalities were found on physica l examination. The 
aveFage duration of clinical symptoms was 21 months 
(range, 3- 48 m onths). 

The radiographic diagnosis of SDA VF was made f rom 
m yelography (done with patients in the prone and supine 
positions) and selective spinal angiography in all patients. 
The SDA VF was located in the middle of the thoracic 
region (T 4-T7) in four pa tients, low thoracic region (T8-
T 12) in seven, lumbar region in two, and sacral region in 
one. 

The diameter of the AV shunts was approximately 0.5-
1.5 mm, measured angiographica lly at the origin of the 
draining vein , and they were supplied by a network of 
collaterals of dural arteries. T he A V shunts were single with 
a soli ta ry dra ining vein join ing the medullary venous plexus 
through a m oderately enlarged radicu lar vein (4). All pa
tients had angiographic evidence of spinal cord venous 
hypertension and abnormal drainage of the medullary ve
nous system. 
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Fig. 2. SDA VF. Arterial supply is from dural branch (curved 
arrow, bottom inset) of spinal ramus of the intercostal or lumbar 
artery. Potential dural collaterals (small arrow, bottom inset) will 
allow for reconstitution of SDA VF if occlusion with PV A particles 
is proximal to A V shunt. Drainage is through a radicular vein 
(large arrow, bottom inset) to coronal venous plexus on the cord 
surface (open arrow). Small branches of coronal venous plexus 
(small arrowhead, top inset) may be occluded if particulate ma
terial passes through fistula . Note lack of normal venous drainage 
through radicular veins and normal size of anterior spinal artery 
(large arrowhead). (Illustrated by D.A. Rufenacht, MD) 

All embolization procedures were performed through a 
transfemoral approach . Catheters of various shapes and 
sizes were used for selective catheterization of the intercos
tal, lumbar, or sacral arteries that gave origin to the dural 
arteries supplying the SDA VF. Because the patients were 
treated before steerable microcatheters were readily avail
able, superselective catheterization of the dural arteries was 
not performed. Embolization with PVA particles (1 00-500 
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8 c 
Fig. 4. SDA VF arising from right T9 intercostal artery. 
A, Selective injection of dural branch supplying SDA VF before embolization. Open arrow points to the microcatheter, arrowhead 

demonstrates the fistula site, and arrow demonstrates the proximal draining vein. 
B, Control angiogram obtained after embolization with NBCA demonstrates no opacification of the draining vein. 
C, Tomogram obtained after NBCA embolization demonstrates optimal deposition of NBCA at site of fistula (arrowhead) and proximal 

draining vein (arrow). 

JLm in diameter) in a suspension of normal saline and 
contrast material was performed with flow-directed tech
nique done under fluoroscopic guidance. PV A particles 
were obtained from commercial vendors or were prepared 
in our laboratory; their sizes ranged from approximately 
100-300 11-m and from 300-500 Jl.m. In three procedures, 
microfibrillar collagen (Avitene, MedChem, Woburn , MA) 
was added to the PV A particulate solution. Angiography 
showed occlusion of the SDA VF in all 14 patients. 

Fig. 3. Radiograph depicting rich collateral arterial supply of 
spinal dura, which is most prominent in area of nerve root sheaths 
(1 6, 17). (Reprinted from Manelfe et al ( 16) by permission of the 
journal.) 

Results 

After (embolization, all 14 patients initially had 
improvement in their clinical symptoms. One 
patient had temporary worsening of preexisting 
weakness of the left lower extremity that subse
quently improved beyond the level before em
bolization. 

After initial improvement, 11 of the 14 patients 
had worsening of their symptoms 1-25 months 
(mean, 7 months) after their first embolization 
procedure. Of these 11 patients, nine had angio-
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A 8 c 
Fig. 5. SDA VF involving left S 1 nerve root. 
A, Angiogram obtained before embolization. Arterial supply to SDAVF is from left superior lateral sacral artery. Arrow demonstrate~ 

dural arterial collateral network; arrowhead demonstrates fistula site; and open arrow demonstrates draining radicular vein . 
B, Radiograph after NBCA embolization demonstrates deposition of NBCA within dural arterial collateral network (arrow) . Arrowhea< 

demonstrates "protective" coils placed in muscular branch prior to NBCA embolization. 
C, Control angiogram obtained immediately after NBCA embolization demonstrates persistent faint opacification of draining veil 

(arrow) . Surgery was performed the next day to remove the SDAVF. 

graphically proven recurrences of their SDAVF, 
and two had negative spinal angiography. 

Four patients with recurrence underwent a sec
ond embolization procedure with PV A particles. 
A complication in one of these patients was a 
triparesis secondary to inadvertent embolization 
of an upper thoracic anterior spinal artery arising 
one level higher than the intercostal artery sup
plying the SDAVF. Twenty-two months after the 
second embolization procedure, angiography 
demonstrated recurrence of the SDAVF. One 
patient improved clinically after the second em
bolization but later deteriorated and had an angie
graphically proven recurrence 9 months after the 
second embolization. One patient showed no im
provement after the second embolization and had 
an angiographically proven recurrence 1 month 

after the second embolization. One patien 
showed no improvement after the second em
bolization and has declined further follow-up eval
uation. 

Illustrative Case 

A 56-year-old man presented with a 1 0-mont 1 

history of intermittent paresthesias of the le t 
lower extremity and a 3-week history of severe 
low-back pain, progressive urinary retention, cor -
stipation, and weakness of the distal right lowt"r 
extremity. Physical examination demonstrated 
right ankle clonus, decreased strength of tl e 
rectal sphincter, mild weakness of the distal low ;r 
extremities (on the right more than the left), ar d 
numbness to pain along the lateral aspects Jf 
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both feet and of the left perianal region. Lumbar 
myelography (with water-soluble contrast agent), 
performed elsewhere before transfer to our insti
tution, was negative from the cul-de-sac to L 1. 
The spinal canal above the L 1 level was not 
examined. Subsequent myelography performed 
at our institution demonstrated multiple vessels 
in the low thoracic region that were consistent 
with an SDAVF. A spinal angiogram (Fig. 1A) 
demonstrated an SDA VF arising from the left 
T10 intercostal artery that had enlarged draining 
medullary veins along the posterior surface of the 
lower thoracic spinal cord and conus. The SDA VF 
was embolized with PV A particles ( 100-300 ~m 
in diameter), and angiography performed imme
diately after embolization demonstrated occlusion 
of the SDAVF (Fig. 18). After embolization, the 
lower extremity weakness improved and bowel 
and bladder functions returned to normal. How
ever, 8 months after the embolization procedure, 
urinary retention and lower extremity weakness 
recurred subacutely. Spinal angiography demon
strated recurrence of the SDA VF (Fig. 1 C), and it 
was again embolized and occluded with PV A 

articles (100-300 ~m in diameter). The symp
toms and findings on physical examination re
mained stable for another 8 months, when the 
lower extremity weakness worsened. A spinal 
angiogram again demonstrated recurrence of the 
SDAVF. The SDAVF was then treated surgically. 
A laminectomy was performed and the draining 
vein arising from the left T 10 SDA VF was coag
ulated. At follow-up 8 months after operation, 
bowel and bladder functions had returned and 
lower extremity strength was normal. The 
strength of the rectal sphincter and results of 
s nsory examination were unchanged from the 
initial evaluation. 

Discussion 

We retrospectively reviewed the histories and 
angiographic findings of 14 consecutive patients 
with SDA VF who had embolization with PV A 
particles as the initial form of treatment. Eighteen 
s ch procedures were performed on these 14 
patients. Angiographically proven recurrences 
occurred after 14 of the embolization procedures. 
Two patients with clinical signs and symptoms 
suggestive of recurrence had negative results on 
subsequent spinal angiograms. Only three pa
tients had sustained improvement of their clinical 
symptoms after particulate embolization. 
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Several reports (9, 10, 14, 15) advocate oper
ation as the treatment of choice. Symon et a! 
(15) reported arrest of a "previously progressive 
disturbance of gait" in 39 of 46 surgically treated 
patients and improvement of disturbed gait in 32 
of the 46 patients. Control of micturition im
proved in 26 of the 46 patients. 

Several reports advocate embolization with liq
uid adhesives (NBCA has replaced isobutyl-
2-cyanoacrylate (IBCA)) as the preferred treat
ment for SDAVF (2, 3, 11, 12). Merland et al (3) 
reported the largest series of patients treated by 
this technique. Of their 45 patients with SDA VF 
31 had their SDA VF successfully occluded by 
IBCA embolization. The 14 remaining patients 
required operation because the occlusion oc
curred in the arterial feeder proximal to the A V 
shunt. Of the 42 patients available for follow-up 
review 3 months to 7 years after treatment, 31 
had had immediate or delayed clinical improve
ment. 

In Figure 2, the vascular nidus is within the 
dural covering of the nerve root. Arterial supply 
is from the dural branch of the spinal ramus of 
the intercostal or lumbar artery. The fistula is 
drained intradurally by retrograde flow through a 
single radicular vein to dilated, tortuous, and 
congested medullary veins. 

SDA VF can be treated successfully only by 
permanently occluding the nidus or fistula or the 
proximal portion of the draining vein. Although 
angiography indicates that particulate emboliza
tion is successful initially, in most cases the actual 
site of occlusion is proximal to the fistula site and 
subsequent recanalization of the occluded artery 
or recruitment of dural collaterals (Figs. 2 and 3) 
will lead to recurrence of the SDA VF. 

The size of the AV fistula varies (approximately 
0.5-1.5 mm in diameter in our series), and in 
some instances it may be large enough to allow 
passage of particles into the draining vein so that 
small branches of the medullary veins are oc
cluded (top inset of Fig. 2). This may be a cause 
of the n~urologic complications that occasionally 
occur after embolization procedures. This high
lights the potential risk of any embolization pro
cedure performed for the treatment of SDAVF. 
Agents used to occlude the SDA VF that pass 
through the A V fistula and lodge within the ve
nous system may compromise the precarious 
venous outflow of the spinal cord and thereby 
worsen the myelopathy. 

The arteries that supply the SDA VF are usually 
smaller than the A V shunt itself; this observation 
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is consistent with the rich arterial network of the 
dura ( 16) and explains the recurrences observed 
in our series and in other reported series (9, 10). 
To obtain an occlusion at the level of the AV 
shunt, a material is needed that is able to reach 
a large shunt through small arteries. 

Embolization of SDAVFs with NBCA allows 
permanent occlusion of these lesions. For NBCA 
embolization to be successful, the fistula site or 
the proximal portion of the draining vein or both 
must be occluded (Fig. 4). If the NBCA polymer
izes in the feeding artery proximal to the fistula 
(Fig. 5), surgery should be performed without 
delay to interrupt the draining vein. 

Two contraindications to NBCA embolization 
exist (2, 3). If the anterior spinal artery arises from 
the same intercostal artery as the dural artery 
that supplies the SDA VF, then the risk of NBCA 
embolization is too high and surgery is recom
mended. Surgery is also the treatment of choice 
if the dural artery that supplies the SDA VF cannot 
be catheterized selectively so that NBCA embo
lization can be safely performed. Another possible 
contraindication to NBCA embolization is location 
of the SDA VF in a middle to upper thoracic level. 
In the upper thoracic region, the draining vein 
(before it joins the medullary venous system) is 
usually shorter than it is if the SDA VF is located 
in the lower thoracic or lumbosacral regions. 
Therefore, the "margin of error" for late poly
merization of NBCA in the draining vein without 
polymerization occurring in the medullary venous 
system is less in the upper and middle thoracic 
regions. 

We recommend that NBCA embolization be 
the preferred initial treatment for SDAVF. The 
probability of success and the complication rates 
are comparable in the largest reported series of 
NBCA embolization and operation for the treat
ment of SDAVF (3, 15). NBCA embolization is a 
less invasive technique than surgery, and the 
patient usually can start a rehabilitative program 
the day after the embolization procedure (the 
interval to rehabilitation is several days after a 
surgical procedure). In addition, in most cases 
when NBCA embolization is unsuccessful, sur
gery is still an alternative. Surgery as the initial 
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treatment should be reserved for cases in which 
the anterior spinal artery arises from the same 
pedicle supplying the SDA VF or in which selec
tive catheterization of the arterial supply to the 
SDA VF is not possible. 
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