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Background  and  purpose.  – Multiply  occurring  intracranial  dural  arteriovenous  fistulas  (dAVFs)  have  been
documented  but  rarely  occur,  and  neither  pathogenesis  nor  prognosis  is clearly  understood.  This study
was  conducted  to analyze  angiographic  characteristics  of  multiple  dAVFs  and  to chronicle  our treatment
experience.
Methods.  – Between  April,  2002  and  January,  2018,  data  prospectively  collected  from  310  patients  with
intracranial  dAVFs  were  systematically  reviewed,  assessing  clinical  and  anatomic  outcomes  of  endovascu-
lar treatment  in  32  patients  with  multiple  dAVFs  (≥ 2 fistulas  each).  Lesions  were  categorized  as  multifocal
or  diffuse  type,  depending  on  presentation,  and  further  characterized  as  progressive  or  non-progressive
disease.
Results.  – Overall,  18 patients  (56.3%)  experienced  aggressive  presentations,  including  intracerebral  hem-
orrhage  or  venous  infarction.  Cortical  venous  reflux  (CVR)  was  observed  in  26  patients  (81.3%),  and  sinus
thrombosis  or  occlusion  was  seen  in  24  (75.0%).  Clinical  outcomes  in  patients  with  multifocal  fistulas
(n  =  11)  were  excellent  (100%),  marked  by a moderately  high  rate  of  complete  occlusion  (54.5%).  Those
with  progressive  disease  (n =  10)  regularly  displayed  certain  angiographic  findings,  namely  diffuse  config-
uration  (100%),  sinus  thrombosis  (100%),  and CVR  (100%).  Complete  anatomic  obliteration  was  achieved

in  12  patients  (37.5%),  and  in  26 patients  (81.3%),  clinical  outcomes  were  favorable.
Conclusion.  –  Multiple  dAVFs  are  typically  aggressive  at presentation,  given  strong  associations  with
CVR  and  sinus  thrombosis.  In diffuse-type  fistulas,  the potential  to  recur or  progress  is high.  Although
definitive  treatment  poses  a challenge,  outcomes  of  endovascular  therapeutics  may  be  still  optimized  in
this setting  through  strategic  procedural  modifications  and  careful  follow-up  monitoring.

©  2018  Published  by  Elsevier  Masson  SAS.
ntroduction
Intracranial dural arteriovenous fistulas (DAVFs) are dynamic
esions, accounting for 10-15% of all intracranial vascular mal-
ormations [1–4]. Multiply occurring intracranial dAVFs are doc-

Abbreviations: CS, cavernous sinus; CT, computed tomography; CVR, cor-
ical  venous reflux; dAVF, dural arteriovenous fistula; DSA, digital subtraction
ngiography; ECA, external carotid artery; ICA, internal carotid artery; ICH, intracra-
ial hemorrhage; MRI, magnetic resonance image; MRA, magnetic resonance
ngiography; SRS, stereotactic radiosurgery; TAE, transarterial embolization; TVE,
ransvenous embolization.
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umented but uncommon phenomena (incidence of ∼6%–12.5%),
described in only a few small series or isolated case reports [2–7].
Two or more anatomically separate dAVFs may  thus develop syn-
chronously or metachronously as de novo lesions during the course
of follow-up monitoring [2,5].

Treatment of multiple dAVFs is often clinically difficult, compli-
cated by assorted feeders, a proclivity for cortical venous drainage,
and the inherent risk of hemorrhage [2,3,7]. Some theories on
pathogenesis and mechanism have been offered, but clinical prog-
noses and outcomes of embolization are seldom discussed in the
limited available publications. Our experience in treating multi-
ple dAVFs is detailed herein, addressing procedural and outcome

(angiographic and clinical) aspects of endovascular treatment,
focusing on relation of the outcome with angiographic character-
istics of multiple dAVFs.

https://doi.org/10.1016/j.neurad.2018.10.010
http://www.sciencedirect.com/science/journal/01509861
http://crossmark.crossref.org/dialog/?doi=10.1016/j.neurad.2018.10.010&domain=pdf
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Table  1
Baseline characteristics of patients (n = 32) with multiple dAVFs.

Variables Multiple dAVF (n = 32)

Age 53.1 ± 18.0 years
Sex

Male 17 (53.1%)
Female 15 (46.9%)

Classification
Synchronous 28 (87.5%)
Metachronous 4 (12.5%)

Presenting symptom
Aggressive 18 (56.3%)
Non-aggressive 14 (43.7%)

Fistula multiplicity
2 21 (65.6%)
3  7 (21.9%)
4  4 (12.5%)

Fistula type
Multifocal 11 (34.4%)
Diffuse 21(65.6%)

Sinus occlusion/venous thrombosis 24 (75.0%)
CVRa (Borden II or III) 26 (81.3%)
Parenchymal signal change (T2/Flare) 5 (15.6%)
Embolization sessions

1  12 (37.5%)
2  11 (34.4%)
3  4 (12.5%)
≥  4 5 (15.6%)

Complete occlusion 12 (37.5%)
Positive final outcome 26 (81.3%)
Disease progression

Progressive 10 (31.3%)
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Non-progressive 22 (68.7%)

a CVR, cortical venous reflux.

aterials and methods

tudy population and clinical presentation

During a 17-year period, (April, 2002 to January, 2018), 310
onsecutive patients with intracranial dAVFs opted for endovas-
ular management at our institute. A total of 32 patients (10.3%)
iagnosed as multiple dAVFs (male, 17; female, 15; mean age,
3.1 years; age range, 13–79 years) were included in this study.
ight patients with bilateral cavernous sinus (CS) dAVFs were
xcluded. Initial clinical presentations were evaluated. Severe
ymptoms, such as intracranial hemorrhage (ICH), venous infarc-
ion, seizures, altered mental status, and neurologic deficits
f extremities, were considered aggressive in nature [8–10].
on-aggressive symptoms included cranial nerve palsies, visual

ymptoms, and tinnitus. ICH, venous infarction, and sinus throm-
osis were confirmed by computed tomography (CT) or magnetic
esonance imaging (MRI) before treatment. General characteristics
f these patients are summarized in Table 1.

Therapeutic alternatives were discussed with both neuro-
ogic/neurosurgical and neurointerventional teams in a multi-
isciplinary decision-making process, and informed consent was
btained from all patients after careful consultation. This study was
onducted with the approval of our Institutional Review Board. The
equirement to obtain written informed consent for study partici-
ation was waived.

iagnostic angiography

Prior to treatment, angio-architectural explorations were con-
ucted via Integris V, Allura Clarity (both Philips Medical Systems,

est, The Netherlands), or Innova IGS 630 (GE Healthcare,
auwatosa, WI,  USA) biplane system, including bilateral inter-

al and external carotid and vertebral angiographies, to assess
stulous sites (location, extent), feeding arteries, and venous
adiology 46 (2019) 390–397 391

attributes (drainage path/pattern). High-resolution 3D rotational
angiographic images (especially source image) was  also used for
confirmation of the exact fistulous location and extent in recent
years. Cortical venous reflux (CVR) was denoted by Borden clas-
sification (types II and III) [11]. Multiplicity was  equated with
more than two fistulas emerging in a single patient at anatomi-
cally separate sites [2], confirmed in each instance through careful
investigation of the following:

• sequential images generated during initial conventional angiog-
raphy;

• selective arterio- or venography performed immediately before
each embolization, and;

• completion angiography in the immediate aftermath of each
embolization.

Continuous fistulas arising from adjacent, independent venous
segments were considered as single lesions and were excluded
from study. For example, the ipsilateral dAVF continuously involv-
ing the transverse sinus and sigmoid sinus, or torcular lesion
involving the transverse sinus was considered as single lesion, not
multiple. Adjacent but non-continuous lesions of independent seg-
ments were regarded as distinct lesions.

Such lesions then qualified as synchronous (simultaneous) or
metachronous (de novo) shunting, and were characterized as either
multi-focal or diffuse-type depending on whether fistulous sites
were limited in scope (Fig. 1A) or diffusely involved areas around
sinuses (Fig. 1B) [12,13]. If at least one of the multiple shunts dis-
played proliferative, lengthy, or continuous sinus involvement, a
diffuse designation applied; whereas all shunts with restrictive
feeders and regional involvement constituted multifocal disease
(see Figs. 2 and 3). All fistulas were further stratified as progres-
sive or non-progressive disease, according to status after initial
treatment. A visible increase in shunt flow or fistulous extent
after achieving near-complete or partial occlusion by endovascular
means or recurrent shunting following confirmed complete occlu-
sion of fistulas at initial treatment signified progressive disease.

Endovascular procedures

All patients were treated by endovascular means after thorough
investigation of angiographic anatomy. Our institutional treatment
strategy in multiple dAVF as follows:

• if technically feasible, single-stage embolization was preferred;
• if not, staged embolization was recommended, monitoring of

symptom change or disease progression after initial treatment;
• lesion related to symptom or lesion with cortical venous reflux

was first treated;
• follow-up without emergent treatment was  recommended

in small-amount asymptomatic shunt lesion with antegrade
drainage (Borden I);

• stereotactic radiosurgery (SRS) was  also considered in residual
shunt without appropriate approaching route.

The endovascular procedures performed were largely con-
ducted under general anesthesia, applying transarterial emboliza-
tion (TAE), transvenous embolization (TVE), or a combination of
both initially, as permitted by existing angio-architecture (sinus
patency and functionality, arterial or venous feeder accessibil-
ity, etc.). Access was  typically through femoral artery or vein.
Antiplatelet preparations were not routinely prescribed in advance

of procedures, but after femoral sheath placement, systemic hep-
arinization was instituted using single 2000-IU injections. Pushable
fibered coils were used for TVEs, first introducing 5-Fr angio-
catheters by way  of external carotid artery (ECA) into main feeding
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Fig. 1. Illustration of focal (A

rteries, and then navigating 6-Fr guiding catheters into main
raining (i.e., jugular) veins. Micro-catheters for pushable coil
elivery were placed in mural channels of fistulas or nearest culprit
raining veins (or sinuses). Once the AVF angioanatomic configura-
ions were defined via selective angiography, embolizations were
hen performed. Most TAEs involved n-butyl cyanoacrylate (n-BCA)
r Onyx 18 use, placing 6-Fr guiding catheters in ECA (or rarely
nternal carotid artery [ICA]) and navigating micro-catheters for
elivery of embolic materials into main feeding arteries (as far as
easible) under micro-guidewire guidance. Again, angioanatomic
onfigurations were delineated through selective angiography,
xcluding any dangerous anastomoses, and embolizations were
erformed.

ngiographic and clinical outcomes

Immediate angiographic results after endovascular emboliza-
ion were classified by degree of shunting as follows: complete
cclusion (no shunt), near-complete occlusion (minor residual
hunt, with marked volume and velocity reductions), or par-
ial occlusion (major residual shunt, with slight reduction or no
hange in volume and velocity). If all fistulas appeared com-
letely occluded, clinical follow-up 1–6 months after treatment
as advised. Only in patients with aggravated clinical symp-

oms were further imaging studies, such as digital subtraction

ngiography (DSA) or magnetic resonance angiography (MRA), rec-
mmended. In patients with residual shunting but much reduced
ow after initial treatment, DSA at the 1-month follow-up point
as recommended to assess any further need of treatment. In
us diffuse-type (B) in dAVF.

patients whose multiple high-flow shunts could not be successfully
occluded through single-stage embolization, staged embolizations
were arranged at 4–12 weeks after first treatment, depending on
patient status and extent of residual shunt or CVR. Clinical out-
comes were gauged by degree of symptomatic abatement after
treatment as follows: improved, no change, or aggravated. Assess-
ments were done during hospitalization periods and in outpatient
clinics at months 1 and 6 after final treatment.

Results

Study population

All data of baseline characteristics, initial presentations, mul-
tiplicity of fistulas, and treatments in the 32 patients studied is
provided as Supplemental Table 1, and summarized in Table 1.
The dAVFs were multifocal in 11 patients (case No. 1–11) and dif-
fuse in 21 patients (case No. 12–32). Overall, 10 patients (case
No. 23–32) experienced progressive disease, the other 22 harbor-
ing non-progressive lesions. Aggressive presenting symptoms were
manifested in 18 patients (56.3%), CVR (Borden type II or III) was
observed in 26 patients (81.3%), and 24 patients (75.0%) suffered
sinus thrombosis or occlusion. Parenchymal signal change on MRI
(T2/Flare) prior to the treatment was observed in 5 patients. Most
patients (case No. 1–28) had synchronous multiple shunts at initial

diagnosis. Only four de novo (metachronous) fistulas developed in
four patients (case No. 29–32) during the follow-up interval (Fig. 4).
All patients underwent endovascular treatments at least once for
multiple dAVFs. One patient (case No. 18) relied on conservative
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Fig. 2. Demonstrative case of focal-type in multiple dural AVF. A. Left external carotid angiographic image of left transverse sinus dAVF with cortical reflux in patient with
I erse-sigmoid junctional dAVF with antegrade venous drainage. Both fistulous sites were
l la; D. Disappearance of fistula confirmed by completion angiography; and, E. Spontaneous
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Table 2
Attributes of multifocal and diffuse dAVFs.

Multi-focal type Diffuse type

Cases numbers 11 21
Non-sinus type shunts 4 2
Sinus occlusion/thrombosis 5 (45.4%) 19 (90.5%)
Aggressive presentationa 4 (36.4%) 14 (66.7%)
CVRb (Borden II or III) 7 (63.6%) 19 (90.5%)
Parenchymal signal change (T2/Flare) 2 (18.2%) 3 (14.3%)
Embolization sessions (mean) 1.5 2.7
Final complete occlusion 6 (54.5%) 6 (28.6%)
Favorable clinical outcome 11 (100%) 15 (71.4%)

a

CH  of left occipital lobe; B. Right external carotid angiographic image of right transv
imited in scope; C. Transarterial embolization using NBCA (glue) for the left side fistu
egression of the untreated right side fistula in 3-month follow-up angiography.

reatment, having failed initial transvenous obliteration. His symp-
oms remained unchanged thereafter.

ndovascular and clinical outcomes

Endovascular embolization sessions averaged 2.3 (range, 1–9;
edian, 2). Embolization was undertaken more than twice in 20

atients, generally in patients with diffuse (15/21, 71.4%) or pro-
ressive (10/10, 100%) disease. All patients were followed clinically
nd by imaging, the mean duration being 41.3 months (range,
–120 months). During post-embolization follow-up, complete
bliteration of multiple fistulas was achieved in 12 patients (37.5%).
hree patients needed further stereotactic radiosurgery (SRS) for
esidual fistulas, ill-suited for endovascular technique. Twenty-
ix patients (81.3%) had favorable clinical outcomes (symptom
ree or much improved). One patient (3.1%) died, despite multi-

le attempts at embolization. Unfavorable outcomes (aggravated
ymptoms or severe neurologic deficits) resulted in three patients
9.4%) (see supplemental Table 1). In Table 2, both clinical and
ngiographic attributes of multifocal and diffuse fistulas are con-
ntracranial hemorrhage, venous infarction, seizure, neurologic deficits.
b CVR, cortical venous reflux.

trasted. Patients with multifocal (vs. diffuse) lesions fared much
better clinically (100% vs. 71.4%), achieving a higher rate of com-

plete anatomic occlusion (54.5% vs. 28.6%). In Table 3, progressive
and non-progressive categories of multiple dAVFs are compared.
Progressive (vs. non-progressive) disease was  more aggressive
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Fig. 3. Demonstrative case of diffuse-type in multiple dural AVF. A. Right common caroti
with  cortical reflux in patient with recurrent seizure; B. Left external carotid angiograp
transvenous embolization using Onyx and pushable coils. All of the fistulas diffusely invo

Table 3
Comparison of progressive and non-progressive disease subsets.

Progressive
group

Non-progressive
group

Cases numbers 10 22
Diffuse type 10 (100%) 11 (50.0%)
Sinus occlusion/thrombosis 10 (100%) 14 (63.6%)
Aggressive presentationa 9 (90.0%) 9 (40.9%)
Bilateral feeders 8 (80.0%) 14 (63.6%)
CVRb (Borden II or III) 10 (100%) 16 (72.7%)
Parenchymal signal change (T2/Flare) 2 (20%) 3 (13.6%)
Embolization sessions (mean) 3.9 1.4
Final complete occlusion 2 (20.0%) 10 (45.5%)
Favorable clinical outcome 7 (70.0%) 19 (86.4%)
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a Intracranial hemorrhage, venous infarction, seizure, neurologic deficits.
b CVR, cortical venous reflux.

pon initial presentation, linked consistently with diffuse-type fis-
ulas (100%), sinus occlusion or thrombosis (100%), and CVR (100%).
n addition (and not surprisingly), more embolization sessions (3.9
s. 1.4) were required, with less chance of complete obliteration
20.0% vs. 45.5%) or favorable outcome (70.0% vs. 86.4%). However,
ix patients with progressive disease did suffer recurrences after
omplete or nearly complete embolization, emerging sporadically
ver much time (2–40 months) after therapeutic success.

ndovascular complications

Procedural complication was occurred in 7 patients (21.9%),
nd complication rate per embolization session was 9.6% (7/73
mbolization session). Three patients suffered facial nerve palsies

uring staged TAE, with two recovering completely and one par-
ially 6 months later. In four patients, ICH occurred after TVE
r TAE, and one patient (case No. 15) suffered venous infarction
with small ICH) 3 days after a second TVE session. In the lat-
d angiographic image of right transverse-sigmoid and superior sagittal sinus dAVF
hic image of torcula (left) and superior sagittal sinus (right); C. Transarterial and
lved areas around sinuses.

ter instance, recovery was  nearly complete 2 weeks later through
conservative management. Another patient (case No. 27) devel-
oped subarachnoid and intraventricular hemorrhages after a third
TAE session. Although improvement was notable, residual right-
sided deficits (weakness, blindness) persisted. A third 70 year-old
female (case No. 26) with multiple proliferative dAVFs of CS bilat-
erally, right transverse sinus, and right jugular bulb, experienced
paradoxical worsening of cranial nerve palsy upon complete oblit-
eration of the bilateral CS fistulas. The right-sided transverse
and jugular fistulas were also completely occluded after multi-
stage embolizations. However, the right transverse sinus fistula
recurred 1 year later and again 2 years after repeated TAE and
TVE procedures. The last embolization attempt was complicated
by immediate post-operative intraventricular hemorrhage, with
obstructive hydrocephalus, and the patient died 1 month later. One
patient (case No. 29) also developed a de novo dAVF at right trans-
verse sinus 3.5 years after complete obliteration (in six sessions) of
multiple, left-sided diffuse dAVFs. Three months after three sub-
sequent embolization sessions, a large ICH occurred, presenting as
seizures and leading to coma. Ultimately, hemiplegia persisted after
interventional craniectomy.

Discussion

Multiple intracranial dAVFs are uncommon, with only a few
small series [2,3,5] and sporadic case reports in publication. To
our knowledge, the present aggregate of 32 patients with multiple
dAVFs is the largest of any reported series. Heretofore, only 79 cases
of multiple intracranial dAVFs have been formally documented in
the literature [2–5,7,14–42]. All of these were fully reviewed and

tabulated in a Supplemental Table 2.

Patients with multiple dAVFs are more apt to suffer hemor-
rhage, venous infarction, and neurologic deficits at presentation,
due to a higher frequency of CVR [2,3,21]. Available data indicate
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ig. 4. Demonstrative case of metachronous dural AVF. A and B. Both external carot
ushable coils; D and E. De novo dAVF on left tranverse-sigmoid sinus confirmed
ransarterial embolization using Onyx.

hat such aggressive symptoms develop in 65–89% of patients with
ultiple dAVFs, most accompanied by CVR (84–93%, Borden II/III)

2,3,5,7,23]. Van Dijk et al. [2] have cited an 89% rate of CVR in
atients with aggressive clinical presentations of multiple dAVFs,
eflecting a 3-fold increase beyond that of solitary dAVF. Our find-
ngs are in agreement, having observed CVR in 94.4% of patients

ith aggressively presenting (56.3%) multiple dAVFs.
Although the etiopathology of such lesions remains obscure, evi-

ence is mounting that cyclical sinus thrombotic occlusion and
ecanalization are at fault, coupled with venous hypertension.
hese fistulas may  arise (via angioneogenesis) as micro-shunts
ithin dura, perhaps under varied conditions, such as congeni-

al anomalies, venous sinus thrombosis, head trauma, transcranial
urgery, trans-sinus procedures [38,41], hyper-coagulative states,
ormonal fluctuations (pregnancy, menopause, oral contraceptive
se), tumors, otitis, or sinusitis [25,28,43]. Stemming from excess
rterial flow to dural sinus, mechanical obstruction develops,
ausing retrograde drainage into cortical veins. Venous hyper-
ension also ensues, due to progressive venous thrombosis and

VR [4,5,19,23,26]. Left unchecked, high-flow shunting results

rom the enlarging channels [8,32]. Within a partially recanalized
inus, a growing fistula of diffuse nature recruits more blood from
iographic image of superior sagittal sinus dAVF; C. Transvenous embolization using
t internal (D) and external carotid angiography after 11 years (E); and (F) Staged

parenchymal vessels, creating a network of multiple feeders and
numerous AV shunts that are readily identified by angiography
[3,4,26,28,30,44]. Venous hypertension may  also prompt intracra-
nial hypoperfusion, thus triggering angiogenic growth factor [i.e.,
vascular endothelial growth factor (VEGF)] release to further spur
neovascularization and evolving dAVFs [28,45,46]. Hence, multiple
dAVFs or distal de novo shunts, situated far from sites of origin,
and even spinal dAVFs have been noted in pertinent case reports
[5,25,26,36,38,41].

In the context of multiple dAVFs, sinus thrombosis and occlu-
sion have been encountered at high rates, both in our study (24/32,
75.0%) and in other publications (71.4%). Based on above hypothe-
ses and supported by our data, multiplicity and diffuseness of
lesions then imply late-stage development, involving more numer-
ous feeder vessels, greater risk of recurrence and proliferation, and
particularly complex treatment. By comparison, focal-type fistulas
signify early-stage development, marked by fewer and more local-
ized feeders that are potentially easier to treat. Indeed, for patients
in our series with multifocal fistulas, excellent clinical outcomes

(100% vs. 71.4%) and a higher rate of complete occlusion (54.5% vs.
28.6%) were achieved in fewer embolization sessions (1.5 vs. 2.7).
Multiple localized fistulas are more easily treated and may  even
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pontaneously regress on occasion, as noted in some publications
6,7,14,18]. Actually, several of our patients with focal-type AVFs
case No. 4, 5, 7, 10) did present aggressively with high-flow fis-
ulas and high-grade CVR. However, the cure rate and outcomes
f endovascular treatment were still good. Such high-grade yet
ocal lesions could represent instances of marginal or no flow into
ural venous sinus or solely retrograde cortical venous drainage.
onsequently, the favorable treatment responses reflect limited

nvolvement well-suited for TAE, especially for Onyx filling [6].
Ten of the 32 patients in this study suffered progressive or recur-

ent dAVFs after initial embolizations, most or all of them displaying
iffuse-type fistulas (100%), bilateral feeders (80.0%), sinus throm-
osis (100%), and CVR (100%) as angiographic findings. Progression
r recurrence of dAVFs occurred in 71.4% (10/14) of patients with
bove features. Upon review of the literature, only 7 patients were
eported to progress after treatment. Arai et al. [17] described mul-
iple diffuse dAVFs of superior sagittal sinus and posterior fossa
n one patient, all lesions supplied bilaterally and associated with
inus thrombosis (transverse, straight, superior sagittal). Goto et al.
7] also documented three recurrences, all involving transverse
inus bilaterally, with diffuse sinus occlusion and CVR. Watanabe
t al. [20] similarly reported a patient with dAVFs of cavernous and
uperior petrosal sinuses, supplied bilaterally, showing progres-
ive CVR and bilateral inferior petrosal sinus occlusion. In a patient
ith superior sagittal and transverse sinus thrombosis, reported

y Saito et al. [4], multiple bilateral shunts of superior sagittal,
ransverse, and straight sinus were repeatedly embolized (eight
imes), but recurrence and rebleeding developed 7 years later.
inally, Bai et al. [26] published an account of AVF at left jugular
ulb. After complete embolization, multiple dAVFs with bilateral
eeders and CVR were evident 4 years later, ultimately involving
uperior sagittal, transverse, and straight sinuses. TAE was  again
pplied, using Onyx. However, 1 month later, straight sinus occlu-
ion and a new tentorial dAVF had developed. Typically, fistulas
hat share these angiographic features may  progress or recur any-
here from 2–40 months after initial treatment, requiring other

reatment modalities, an average of 4.1 (range, 2–9) embolization
essions, and careful long-term follow-up monitoring.

Despite the gravity of initial presentations in this setting,
endering treatment more complex and heightening the risk of
ecurrence, therapeutic results still proved acceptable overall. As
n most (80.5%) of the cases previously published [2,7,23,26,30],
linical outcomes in the patients we studied were largely favor-
ble (81.3%), although complete anatomic obliteration was far less
ften achieved (37.5%). By substantially reducing flow and reliev-
ng venous hypertension, exceptional clinical results were attained
n some patients with residual lesions. Even in those with progres-
ive disease, stabilization of remnant fistulas through staged and
epeated embolizations yielded good results in a majority (70.0%)
f patients.

Nevertheless, the procedural complication rate was not low
9.6% of complication rate per embolization session). Three patient
uffered CN palsy related to TAE. All the patients were partially
r fully recovered. However, the other 4 patients underwent ICH
eveloped after multisession embolization. The precise reasons
hat ICH or venous infarction after procedure are more common in

ultiple dAVF are not known, but it may  be affected by aggressive
reatment with multisession of TVE or TAE (or combined), because

ajority of multiple fistulas were proliferative and diffuse lesions
r disease progressed despite of staged embolization. In our series,
ll patients with ICH after procedure were diffuse-typed dAVF, and

 patients were in progressive group.

Our investigation is limited in that it is a nonrandomized retro-

pective observational study with a small study population. Thus,
here is a potential for bias in choice of treatment strategy, including
taged embolization. In addition, line between focal and diffuse-
adiology 46 (2019) 390–397

type might be not clear, although we tried to define the fistulous
area or point using 3D source image. Therefore, subjective judge-
ment of the observer might intervene.

Conclusion

Many patients with multiple dAVFs present initially with
aggressive symptoms, given a high association with CVR. In general,
such lesions are difficult to completely obliterate, tending to readily
progress or recur. Multifocal lesions respond well to endovas-
cular treatment, with impressive clinical outcomes. However, in
patients with diffuse-type fistulas, demonstrating sinus thrombo-
sis, CVR, and bilateral feeders, the risk of recurrent or progressive
disease is comparatively greater. Nevertheless, outcomes of even
complex scenarios may  be optimized through long-term follow-
up monitoring, multimodal management, and staged endovascular
treatments.
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