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Spinal dural arteriovenous
fistulas: a report on outcomes
In a single-center retrospective
cohort treated surgically and/or
endovascularly

Aim To report on the outcomes of spinal dural arterio-
venous fistulas (sDAVFs) treatment in a single-center ret-
rospective cohort.

Methods Data were retrieved on sDAVF cases treated sur-
gically and endovascularly between January 2009 and Jan-
uary 2020. Sociodemographic, clinical, imaging data, and
outcomes were analyzed.

Results Thirty-four patients were identified: 11 female,
mean age 64.1+11.5 years; mean time of symptom dura-
tion 12 (range 1-149) months. The sDAVF locations were
the following: 18 (62.1%) thoracic, 4 (13.8%) lumbar, 4
(13.8%) sacral, and 3 (10%) with multiple location feeders.
All patients had a motor deficit and affected walking, and
the majority had a sensory deficit, bowel, and bladder dys-
function. Fifteen (44.1%) patients underwent surgical treat-
ment, 7 (20.6%) underwent endovascular treatment, and
12 (35.3%) underwent both (crossover). Radiological myel-
opathy showed regression in 19 (55.9%) patients. Overall,
clinical improvement (decrease in modified Rankin score)
following treatment was observed in 14 patients (41.2%),
worsening in 1 (2.9%), while other had unchanged sta-
tus. The proportion of patients with initial treatment fail-
ure markedly differed between the before-2014 and af-
ter-2014 period. Patients who failed to improve had more
extensive myelopathy.

Conclusion Patients who underwent surgery or endovas-
cular treatment had on average significant clinical recov-
ery, while those who underwent treatment crossover had
negligible improvement. The extent of myelopathy seems
to be associated with clinical improvement.
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Spinal dural arteriovenous fistulas (sSDAVF) are rare vascular
malformations, with an estimated annual detection rate of
0.29/100000 and probably a much higher incidence; how-
ever, among the spinal vascular lesions they are the most
common entity (1,2). They pose a significant challenge
both diagnostically and therapeutically due to an insidi-
ous nonspecific presentation resulting in a misdiagnosis or
delayed diagnosis and high disability rates (3). The sDAVF
is an arteriovenous shunt fed by a radicular artery and
drained by a medullary vein of the coronal venous plex-
us (4). The arterialized blood retrogradely fills the venous
plexus leading to congestion and venous congestion, ulti-
mately resulting in spinal cord edema, hypoperfusion, and
ischemia (5). This pathophysiological sequence manifests
as the clinical spectrum of myelopathy: from chronic gait
disturbances and motor and sensory lower extremity defi-
cits to the Foix-Alajouanine syndrome, a subacute necrotic
myelopathy (6).

Treatment options for the majority of sSDAVFs include open
surgical resection and endovascular treatment, with a mi-
nority of cases being treated conservatively and radiosur-
gically (6). There is a lack of high-quality clinical trial-based
evidence to unequivocally answer the question on optimal
treatment. Cohort data seem to suggest the superiority of
open surgery, but other modalities have their advantages
and are continued to be used as individual anatomy and
other factors affect the choice of treatment (4,5,7,8).

This study aims to report on a series of SDAVF cases treat-
ed over a 10-year period at our Institution using endo-
vascular, surgical, or a combination of treatments. Clinical
and radiological outcomes were analyzed and compared
across treatments, and outcome predictors were inves-
tigated.

METHODS

The study was approved by the Institutional Review Board
of University Hospital Center Zagreb. The requirement of
obtaining patient consent was waived by the Institutional
Review Board.

Study design and setting

Institutional patient archive (digital and hard-copy pa-
tient charts) was retrospectively reviewed for all sDAVF
cases treated at University Hospital Center Zagreb, De-
partments of Neurology, Radiology, and Neurosurgery,
between January 2009 and January 2020. Patients
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treated using open surgery, endovascular treatment, or a
combination of both (treatment crossover in case of initial
failure) were included in further analyses.

Participants, variables, and data sources

We included adult patients with a radiologically confirmed
sDAVF: myelopathy on magnetic resonance imaging (MR)
and an arteriovenous fistula proven on digital subtraction
angiography (DSA) or MR-angiography (MRA). The exclu-
sion criteria were age <18 years and exclusively conserva-
tive treatment.

The following data were collected: i) demographics (age,
sex); i) duration of symptoms; iii) modified Rankin score
(MRS) before and after treatment; iv) type of clinical symp-
toms (motoric deficit, sensory deficit, gait disturbance,
and bladder and bowel dysfunction); v) comorbidities;
vi) pre- and postoperative MR findings (level and extent
of myelopathy, presence of an engorged venous plexus,
level of fistula, residual disease, recurrent disease); vii) pre-
and postoperative DSA findings (type and level of fistula,
residual disease); viii) treatment (type and number of pro-
cedures).

Symptom duration was defined as the time from symp-
tom onset to procedure; myelopathy was defined as T2
intramedullary hyperintensity; fistulas were defined as
being cervical, thoracic, lumbar, sacral, or mixed if there
were multiple feeders across adjacent segments. Other
than the anatomical classification, no further sDAVF sub-
divisions were used. Patients were followed-up radiologi-
cally (MR/MRA angiography) before discharge and then
at three to six months post-treatment. Patients who failed
to improve after endovascular treatment underwent a fol-
low-up DSA after a relapse was noted. Clinical follow-up
was at three months, six months, and then once annu-
ally. Clinical symptoms were not graded, rather they were
coded as a binary variable. As per indication, workup was
scheduled earlier. Clinical status was assessed at admis-
sion, and postoperatively at the three-month follow-up.
The most recent follow-up clinical and radiological data
were analyzed. All surgical procedures were carried out
by a senior neurosurgeon (MV); endovascular procedures
(diagnostic and therapeutic — Onyx™ was used in two en-
dovascular procedures, N-butyl cyanoacrylate in the re-
maining cases) and MR assessments were performed by
radiologists, authors of this study; clinical assessments
were performed by neurologists — both radiological and
clinical assessment were independently performed by
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two investigators, then findings were compared and any
inconsistencies resolved by consensus. Data that were
not explicitly stated were interpreted from the patient’s
record (eg, if MRS was not entered in the discharge let-
ter, it was calculated independently by the two neurolo-
gists using data from the discharge letter). Perioperative
care, and surgical and endovascular procedures, were all
performed in a standard manner, as reported in the lit-
erature (5,9).

TABLE 1. Individual patient characteristics*

CM)

Data analysis

Continuous variables were summarized as median (range)
and categorical variables as absolute (relative) frequencies.
For outcome analysis, patients were grouped according
to pre- to post-treatment mRS difference into: a) improve-
ment group (MRS difference of 1 or higher); b) no improve-
ment group (no change or increase in mRS). Effects were
expressed as median difference for continuous variables,

Time to
Patient diagnosis Myelopathy
number!t Sex Age (months) Level Treatment* segments
1 F 72 8 Th10 E Th5-conus
2 M 57 1 The, Th7 S,S, E Thé-conus
3 M 63 24 Th12,L1,L2 S,E Th7-conus
4 F 78 17 L1 S E Th5-conus
5 F 53 18 S E Th8-conus
6 F 72 5 Th12, L1 EE Th10-conus
7 M 62 - sacral E Thé-conus
8 M 61 39 Thé S, EE Thé-conus
9 M 62 7 Th5 E Th3-conus
10 M 56 37 Th10 S, EE Th9-conus
n F 68 6 Thé S, E Th8-conus
12 F 66 105 Thé S Th6-Th10
13 F 76 12 Th8 S, E Th8-conus
14 M 69 149 Thé, Th7 S,S E Th6-Th7
15 M 54 1 Th7 S Thé-conus
16 M 73 il S S Th4-conus
17 M 75 12 Th7,Th9 S Th7-conus
18 M 73 8 L1 S -
19 F 74 15 L2 S, S Th3-conus
20 M 74 12 Th7 S Th7-conus
21 Fo77 15 Thn S, S Thé-conus
22 M 58 96 Th7 S Th3-conus
23 M 73 13 Th9 E -
24 F 63 17 S1 S, E Th3-conus
25 M 67 2 L4 S.S Th5-conus
26 M 65 2 V4 EES C1-Th2
27 M 33 1 = E =
28 M 56 1 - EES -
29 M 67 26 Th5 S Th5-conus
30 F72 1 - S -
31 M 58 1 - S -
32 M 64 56 Tho S Tho-L1
33 M 24 9 Th7 S, S Th5-Th11
34 M 64 120 Th4 E S, S Th4-conus

*Abbreviations: procedure: S - surgery, E - endovascular; pre - preoperative; post — postoperative (latest follow-up); MR - magnetic resonance; MRA

Modified

Rankin score

Follow-up imaging pre post

None

DSA - fistula obliterated

MR/MRA/DSA - minimal myelopathy, fistula obliterated
MR/MRA — myelopathy regression, fistula obliterated
None

MR/DSA - myelopathy, suspected fistula

MR/DSA — no myelopathy, fistula obliterated
MR/DSA — myelopathy regression, fistula obliterated
None

MR/MRA — no myelopathy, fistula obliterated
MR/MRA - no myelopathy, fistula obliterated
MR/MRA — myelopathy regression, fistula obliterated
MR/MRA — myelopathy, fistula obliterated

MR/MRA - no myelopathy, fistula obliterated

None

DSA - fistula obliterated

MR/MRA — myelopathy regression, suspected fistula

g = = = B BN B

None

None

None

None

None

MR/MRA/DSA — no myelopathy, fistula obliterated
MR/MRA — myelopathy regression, fistula obliterated
MR/MRA — no myelopathy, fistula obliterated

MR - myelopathy regression

None

None

MR - myelopathy regression

MRA/DSA - fistula obliterated

MR/MRA — no myelopathy, fistula obliterated

MR — myelopathy regression

MR — myelopathy regression

MR - myelopathy regression 4 4

w N OO U1 AN UTULTLUTLLWDN UUILDN W —= HNOU UMD DML = U1 LD WDNNDND™DWOW

N WO O~ U A LN N UL A MNMODMGDN-—= N~NNO BN

- magnetic resonance angiography; DSA - digital subtraction angiography; V4 - 4th segment of the vertebral artery.

tpatients 1-14 were treated before 2014, patients 15-34 after 2014.
Ftreatments (E, S) are listed chronologically.
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and unadjusted odds ratios (95%) for nominal variables.
The nominal variable “type of treatment” was dichoto-
mized into “single” (endovascular treatment or surgery) vs
‘combined” and the variable "number of treatments” into
“single” (one procedure) vs “‘more” (two or more proce-
dures). Pre- to post-treatment mRS differences were com-
pared across treatment groups (endovascular, surgical, and
crossover). Finally, the number of individual procedures
was compared across five-year periods (early: 2009-2014,
and late: 2015-2019), since the cutoff roughly coincides
with systemic organizational changes in the national man-
agement protocol of SDAVFs. Namely, up to 2014, patients
were in general initially diagnosed and treated endovas-
cularly in different centers, and only sent to surgery after a
failed endovascular procedure.

RESULTS

Thirty-four patients were confirmed eligible and included
in the study: 15 in the surgical group (S); 7 in the endovas-
cular group (E); and 12 in the treatment crossover group.
Clinical follow-up was available for 32 (94.1%) patients,
radiological follow-up for 24 (70.6%). Individual patient
data are shown in Table 1. Overall, there were 11 female
patients; median age 65.5 years; median time of symptom
duration was 12 months (range 1-149). The most common
sDAVF location was thoracic (n=8, 62.1%), 3 (10.3%) had
multiple location feeders. All patients had a motor deficit
and all had affected walking; sensation loss occurred in
29 (85.3%) patients; the majority of patients had impaired
bowel/bladder function (Table 2).

Of the 24 patients who underwent postoperative radiolog-
ical follow-up, 2 patients had a suspected residual fistula;
myelopathy regression was seen in 17 (70.8%) patients. Fif-
teen patients underwent a single active treatment (either
surgery or endovascular): 8 experienced improvement in
mRS, the rest had no change in mRS. Among the 17 cross-
over patients, 7 had mRS improvement, one experienced
mRS deterioration, and others experienced no change in
mRS. The proportion of crossover cases (ie, initial treatment
failure) markedly differed between the before-2014 and
after-2014 period: 8 (47.1%) vs 4 (23.5%). Median time-to-
diagnosis was comparable between the time periods: 12
(range 1-149) months vs 12 (range1-120) months.

DISCUSSION

In the present study, we reported and compared clin-
ical and radiological findings and outcomes in pa-
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tients with sSDAVF who underwent surgery, endovascular
treatment, or a combination of both. The data support the
role of open surgery as the first-line treatment.

TABLE 2. Preoperative patient data summary*

Variable n/median  %/range
Sex (Female/Male) 11/23 32.4/67.6
Age (years) 65.5 24-78
Duration of symptoms (months) 12 1-149
Level of fistula

thoracic 18 62.1
lumbar 4 13.8
sacral 4 13.8
multiple location feeders 3 10.3
Motor deficit (paraparesis)

spastic 19 559
flaccid 8 235
transitory 3 8.8
normal reflexes 4 11.8
Sensory deficit

yes 29 853
no 5 14.7
Ambulation

unable to walk 14 43.8
uses an aid 10 313
independent 8 25
Bowel function

constipation 17 50
incontinence 4 1.8
normal function 8 235
unknown 5 14.7

Bladder function

incontinence 13 38.2
retention 14 41.2
lower urinary tract symptoms 4 11.8
normal function 3 8.8
Modified Rankin Score 4 0-5
Treatment overall

surgery 15 441
embolization 7 20.6
crossover treatment 12 353
Treatment before 2014

surgery 4 235
embolization 5 294
crossover treatment 8 47.
Treatment after 2014

surgery " 64.7
embolization 2 11.8
crossover treatment 4 235

*Numbers are median (range), or absolute (relative) frequencies.
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There were no unexpected findings in our cohort with re-
gard to sociodemographic characteristics, presentation,
and morphological features of the lesion. The majority of
our patients were men, on average in their seventh de-
cade, and the majority of the lesions were in the thoracic
region (10).

The overall clinical improvement rate of 46.9% is com-
parable with previous reports: Jablawi et al (11) reported
clinical improvement in 53% of 40 patients treated by mi-
crosurgery; Tsuruta et al (12) reported improvement in
48.3% of 172 sDAVF cases treated by endovascular treat-
ment. However, comparing clinical outcomes across pub-
lished data on sDAVF is difficult, since the majority of stud-
ies report angiographic findings as primary outcomes, and
those reporting clinical outcomes lack consistency in as-
sessment scales as both mRS and the Aminoff Logue Scale
are used. In their meta-analysis from 2019, Goyal et al (7)
identified 32 studies comparing endovascular and surgi-
cal treatment, only 13 of which reported clinical outcomes.
Angiographic improvement (obliteration of fistula) was
high in our cohort (91.7%) — a rate comparable to previous-
ly published results (11-13). Our results show that patients
undergoing either surgery or endovascular treatment as
the single treatment modality experience better clinical
improvement than patients undergoing both treatments,
who fail to improve. This finding on the lack improvement
in patients undergoing both treatments is consistent with
previously published results and is expected since the
need for additional treatment implies poor initial treat-
ment response and comparably more complex cases (9).
We were not able to meaningfully compare the two treat-
ments employed as a sole strategy due to a small sample
size. Data available in the literature, including the most re-
cent meta-analysis on the subject, show the superiority of
surgical treatment in terms of clinical outcomes (7). Studies
also show the superiority of endovascular treatment, but
they were burdened by imprecise estimates due to small
sample size and yielded inconclusive results (14-16).

We compared the incidence of the treatment type across
two five-year periods —“early” (2009-2014) and “late” (2015-
2019). A nationwide consensus was reached in 2014 to
start referring all SDAVF patients to our center and consid-
er surgery as the first-line treatment owing to growing evi-
dence on the superiority of open surgery. The shift in poli-
cy is evident from our data — in the second period, the time
to diagnosis decreased, the number of surgical procedures
more than doubled, the number of endovascular proce-
dures decreased more than two times, and, most impor-

CM)

tantly, the number of treatment crossover cases decreased
two times. Starting from 2015, only two sDAVF patients
have undergone endovascular treatment at our Institution
as the primary treatment strategy — three patients with ini-
tial endovascular failure were referred to us after unsuc-
cessful (one or two) endovascular treatments at another
center. These are important results based on which we ex-
pect even better clinical outcomes in our future sSDAVF cas-
es. In addition, we noticed an “experience curve effect”in
our treatment strategy with regard to both diagnosis and
treatment. For example, there were two cases of wrong-
level diagnosis among the “early group” patients, while no
such complications were noted among patients in the
more recent group.

Our analysis showed that the extent of myelopathy might
be associated with the outcome — patients who failed to
clinically improve had more extensive myelopathy on the
preoperative MRI. More extensive myelopathy might also
correlate with clinical severity (due to longer duration of
fistula before presentation or a more complex case per se
hemodynamically, etc) and thus account for the observed
association. Previous research has shown an association
with the outcome and symptom duration, preoperative
clinical status, angiographic success, age, and level of fis-
tula (16-19).

This case-series suggests that surgery-first treatment strat-
egy is more likely to yield a reasonably satisfactory out-
come than embolization.
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