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Background and purpose. — To report 9 new cases of non-cavernous sinus dural arteriovenous fistulas
(NCS-DAVFs) that closed spontaneously and systematically review reports of other cases in the literature.
Material and methods. - We performed a retrospective analysis of 9 cases from 2 institutions of NCS-
DAVFs that closed spontaneously. Using PubMed and Scopus in accordance with the PRISMA guidelines,
we systematically reviewed English language articles about NCS-DAVFs showing spontaneous closure.
Results. — Review of the cases from 2 institutions identified 9 cases of NCS-DAVFs showing spontaneous
closure in follow-up magnetic resonance angiography (MRA), and the systematic review of the literature
yielded an additional 38 cases, which had been diagnosed by repeated arteriography. Collectively, the
patients included 23 men and 24 women with a mean age of 54 years. The shunts were located in the
transverse-sigmoid sinus in 24 cases (51%), anterior condylar confluence in 11, and other locations in
12. Based on the venous drainage pattern on arteriography, 27 cases (57%) were classified as low-risk
NCS-DAVF (without cortical venous reflux) and 17 were classified as high-risk NCS-DAVF (with cortical
venous reflux). Shunt closure was observed within 3 months in 17 cases (36%). Extrinsic predisposing
factors for shunt closure were detected in 14 cases (30%). These included angiography in 7 cases, sinus
recanalization in 4, development of sinus occlusion in 2, and sinus compression by a newly developed
hematoma in 1.

Conclusion. — Spontaneous closures of NCS-DAVFs can occur for both high- and low-risk types. One-third
of these closures occur within 3 months.
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Introduction 5-15% of all cranial vascular malformations.! The presence of corti-
cal venous reflux on arteriography (Borden types Il and III, Cognard
types IIb-V) indicated high-risk DAVFs, the annual incidence of
intracranial hemorrhage and nonhemorrhagic neurological deficit
associated with DAVFs ranges from 8% to 15%. Therefore, aggressive
curative treatment is recommended for such lesions.2~* In contrast,
DAVFs without venous reflux (Borden type I, Cognard types I and
IIa) have alow eventrisk of which annual incidence is <1.5%, and the

Cranial dural arteriovenous fistulas (DAVFs) are an abnormal
arteriovenous communication within the dura and account for
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presenting symptoms are usually stable or improve during follow-
up.”~® There are a few reports of spontaneous closure of DAVFs,
except for cavernous sinus DAVFs (CS-DAVFs), which have charac-
teristics distinct from other cranial DAVFs.8? In the present study,
we report a case series of 9 patients who experienced spontaneous
closure of non-cavernous sinus DAVFs (NCS-DAVFs), which were
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diagnosed by follow-up magnetic resonance angiography (MRA).
We reviewed the literature on spontaneous closure of NCS-DAVFs
and have combined all cases, including the 9 presented here, to
illustrate the clinical features of this relatively unrecognized phe-
nomenon.

Material and methods
Patient recruitment and inclusion criteria

The present study was approved by our institutional review
board, which waived the requirement for informed consent
because of the retrospective nature of the study. Among 125 con-
secutive patients in 2 university hospitals who were registered as
having cranial DAVFs between January 2009 and December 2018,
57 cases involved CS-DAVF. Of the remaining 68 patients with NCS-
DAVFs, 47 patients received endovascular embolization, 3 patients
were lost to follow-up, and 18 patients were observed with three-
dimensional (3D) time-of-flight (TOF) MRA without undergoing
any treatment including embolization, surgery, nor manual arte-
rial compression maneuvers (Fig. 1). The initial diagnosis for all 18
observed patients had been made following the MRA criteria pro-
posed by Noguchi, that is, the presence of multiple high-intensity
curvilinear or nodular structures adjacent to the sinus wall on 3D
TOF MRA source images.'® Of these 18 patients, 12 underwent
conventional arteriography: 10 patients had fistulas classified as
Borden type I (5 were Cognard type I, and 5 were Cognard type Ila)
and 2 were Borden type IIl (Cognard type III). The reasons for obser-
vational follow-up in 11 patients were intolerable symptoms and
1 patient refused treatment because of their advanced age. For the
remaining 6 patients, the reasons for observational follow-up were
refusal of both diagnostic angiography and treatment in 4 patients,
precedence of treatment for coexisting carcinoma in 1, and a past
history of anaphylactic shock to ionic contrast medium in 1.

After the initial diagnosis, the first follow-up 3D TOF MRA exam-
ination was performed within 6 months, and further follow-up
3D TOF MRA examinations were performed every 6-13 months
thereafter. The mean and median durations of follow-up for these
patients were 40 and 34 months, respectively, range 12-109
months. The median number of follow-up 3D TOF MRA exami-
nations was 3.5 (range, 2-9). The closure of a DAVF was defined
as complete resolution of the previously mentioned features on
3D TOF MRA, because 3D TOF MRA has reported to provide equal
sensitivity of detecting cranial DAVF compared with conventional
arteriography.'®!! In the follow-up cohort, complete obliteration
was observed in 9 patients (50%), partial remission in 2 (11%), no
change in 6 (33%), and aggravation in 1 (6%).

Systematic review

We conducted a systematic review in accordance with the Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) Guidelines.'? The PubMed and Scopus databases were
searched for studies published from January 1, 1990 to Decem-
ber 31, 2019. Keyword search terms were as follows: (“dural
arteriovenous fistula” OR “dural arteriovenous malformation”)
AND (“spontaneous closure”) OR (“spontaneous obliteration”) OR
(“spontaneous regression”) OR (“natural obliteration”) OR (“natu-
ral regression”). Studies were limited to those published in English
and involving humans. Two reviewers (NK and MF) independently
screened the titles and abstracts of the retrieved reports, then
assessed the full text for eligibility (Fig. 2). The reference lists of
all reports were checked manually for potential inclusion of fur-
ther articles. Articles reporting patients younger than 18 years, that
were limited to CS-DAVF, or that included patients described in
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other articles were excluded. Disparities between the 2 reviewers
were resolved through discussion until a consensus was reached,
with the involvement of a third reviewer (HT).

Data extraction

In the observational study of 18 institutional patients, baseline
clinical features including sex, age, presenting symptoms, shunt
sites, and the Borden and Cognard classifications on arteriography
were extracted.’>4 We compared features between the patients
showing shunt closures and patients with persistent shunt. A Stu-
dent t test was used to compare their mean ages, and a Fisher exact
test was used for other clinical features. Differences with P<0.05
were considered significant. According to the institutional and lit-
erature reported patients with showing shunt closures, we also
collected features related to shunt closures including duration from
initial diagnosis to shunt closure, symptomatic changes at the time
of closure, and possible predisposing factors for shunt closure.

Results
Retrospective case series and illustrative cases

The clinical features of the 18 patients are summarized in
Table 1. Illustrative cases showing spontaneous closures are pre-
sented in Figs. 3 and 4. There were no significant differences in
baseline clinical features between patients showing shunt closure
and patients with persistent shunt. In both groups, sex distribu-
tion showed female dominance, mean and median age were their
7th decade, the most common presenting symptom was pulsatile
tinnitus, the most frequent site was the transverse-sigmoid sinus,
and angiography usually showed no cortical venous reflux (Borden
type I, Cognard types I and Ila), indicating low-risk DAVF.

For the features related to shunt closures, the duration from
the initial MRA diagnosis to shunt closure ranged from 25 to 3240
days, and the median number of follow-up MRA examinations until
shunt closure was 2 (range, 1-9). Shunt closures occurred within 3
months in 2 patients, between 3 months and 1 year in 2 patients,
and after 1 year in 5 patients. At the time of shunt closure, the
presenting symptoms resolved in 4 patients, improved in 4, and
were unchanged in 1. In 5 patients, confirmation of shunt closure
by MRA followed improvements in presenting symptoms with a
time-lag ranging from 6 to 72 months. In 2 patients, the symptoms
regressed immediately after arteriography, and subsequent MRA
confirmed shunt closure within 5 weeks. We concluded that arte-
riography was a predisposing factor for shunt closure in these 2
patients. Except for arteriography, no other potential predisposing
factors for shunt closure were detected.

Illustrative cases

Case 1

An 87-year-old-woman was admitted to our institution for
headache and impaired consciousness. The initial MRI showed a
small patchy hematoma with white matter edema in the left occip-
ital lobe. 3D TOF MRA showed visualization of the left sigmoid sinus
with dilated arteries in the sinus wall and left skull base (Fig. 3A and
B).

Based on the diagnosis of NCS-DAVF causing intracranial hem-
orrhage, arteriography was performed. In addition to arterial flow
to the left sigmoid sinus, we observed early visualization of the iso-
lated transverse sinus with retrograde cortical venous reflux, which
indicated Borden type III (Cognard type III) classification (Fig. 3C
and D). Thrombosis of the transverse-sigmoid sinus junction was
also observed.
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Institutional patients
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9 NCS-DAVFs showed spontaneous closure
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2 NCS- DAVF showed partial remission

1 NCS-DAVF showed aggravation

Fig. 1. Overview of patient selection process in two institutions.

Systematic review

Articles found through
Medline (n=210)

Articles found through
Scopus (n=80)

Articles after duplicates removed (n=217)

Articles excluded based on the title

or abstract (n=184)

Full text articles assessed for eligibility (n=33)

| | Amaqidug | | Sumweang | | uoneoynuopy |

Articles excluded after full text screening

(n=17)

Articles included after reference screening

(n=2)

papnjouy

18 articles with 38 patients included in the current study

Fig. 2. PRISMA flowchart for the search strategy in for the systematic review.

The patient’s state of consciousness recovered within a few
days, and endovascular treatment was proposed because of the
risk of rebleeding. However, the patient and her family refused
the curative treatment because of her age, and the patient was fol-
lowed up with regular neurological and 3D TOF MRA examinations.
Her headache gradually resolved and 3D TOF MRA, 4 years after
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the initial examination revealed complete resolution of the DAVF
(Fig. 3E and F). T2-weighted and fluid-attenuated inversion-recover
(FLAIR) images obtained simultaneously with 3D TOF MRA showed
hyperintensity of the sigmoid-transverse sinus junction, suggest-
ing persistence of the sinus thrombosis. Further follow-up 3D TOF
MRA examination 1 year later showed no recurrence.
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Table 1
Summary of data for institutional 18 patients.
Spontaneous closure (N=9) Persistent shunt (N=9) PValue
Sex Men 4 (44%) 2 (22%) 0.62
Age Mean, median, range 66, 64, (51-87) 65, 64, (53-78) 0.73
Presenting symptom Pulsatile tinnitus 7 (78%) 7 (78%) 1.00
Headache 2 (22%) 0 0.47
Impaired consciousness 1(11%) 0 1.00
Hypoglossal nerve palsy 0 1(11%) 1.00
None (incidental) 0 2 (22%) 0.47
Site Transverse-sigmoid sinus 6(67%) 5(56%) 1.00
Anterior condylar confluence 3(33%) 2 (22%) 1.00
Anterior cranial fossa 0 2 (22%) 0.47
Borden classification Type 1 5 (56%) 4 (44%) 1.00
Type 2 0 0 1.00
Type 3 1(11%) 1(11%) 1.00
Not available 3(33%) 4 (44%) -
Cognard classification Type 1 3(33%) 2(22%) 1.00
Type 2a 2(22%) 2(22%) 1.00
Type 3 1(11%) 1(11%) 1.00
Not available 3(33%) 4 (44%) -
Duration from AVF Within 3 months 2 (22%)
3 months-1 year 2 (22%)
Over 1 year 5 (56%)
Symptomatic change Resolved 4 (44%)
Improved 4 (44%)
Stable 1(11%)
Predisposing factor Arteriograhy 2 (22%)

Fig. 3. An 87-year-old woman with DAVF of the left sigmoid sinus. Maximum intensity projection (MIP) (A) and source images (B) from 3D TOF MRA show a hyperintense left
sigmoid sinus (arrow) and dilated branches of the left ascending pharyngeal artery and the left occipital artery (arrowheads). Anterior-posterior (AP) and lateral views (C and
D) from a left external angiogram show early visualization of the left sigmoid sinus (curved arrow) and cortical venous reflux via isolated transverse sinus (arrows). Defect
in the transverse-sigmoid sinus junction is also observed (circle). Three-dimensional TOF MRA (E and F) performed 4 years after the initial presentation shows complete
resolution of hyperintensity in the left sigmoid sinus and dilated arteries.

Case 2 Subsequent arteriography showed shunt to the anterior condylar

A 67-year-old woman was referred to our institution for pul- confluence with an antegrade venous drainage, indicating Borden
satile tinnitus. The initial 3D TOF MRA examination showed type I (Cognard type I) classification (Fig. 4C and D). Immediately
arterialized flow signal in the left anterior condylar confluence and after the arteriography, the patient reported a decrease in tinnitus.

hypoglossal canal (Fig. 4A and B), resulting in a diagnosis of DAVF. A follow-up 3D TOF MRA examination was performed 5 weeks later
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ACC: anterior condylar confluence
ACV: anterior condylar vein
LCV: lateral condylar vein

JV: jugular vein
SCS: suboccipital cavernous sinus

Fig. 4. A 67-year-old woman with DAVF of the left ACC. The initial 3D TOF MRA, MIP and source images (A and B) show aggregation of multiple hyperintense spots in the left
ACC (arrow) and the hypoglossal canal (curved arrow), leading to a diagnosis of DAVF. AP and lateral views (C and D) of selective injection into the left ascending pharyngeal
artery show a fistula to the ACC, which drains into the anterior condylar vein (ACV) connecting to the suboccipital cavernous sinus (SCS). Another drainer is the lateral
condylar vein (LCV), which directly connects to the internal jugular vein as a normal variant. 3D TOF MRA (E and F) performed 5 weeks after the initial presentation shows

complete resolution of the hyperintensity observed in the venous structure.

and showed complete remission of the shunted flow (Fig. 4E and
F). Further follow-up 3D TOF MRA examination 1 year later showed
no recurrence.

Systematic review and combined data

Our initial literature search yielded 217 articles, from which we
retrieved 18 eligible articles that included 38 patients.®'>-31 When
combined with our 9 patients, we reviewed a total of 47 cases,
which are summarized in Table 2. The patients included 23 men
and 24 women, with a mean age of 54 years (median, 53 years,
range 24-87 years). Multiple presenting symptoms were often seen
in these patients. The most frequent symptom was pulsatile tin-
nitus in 29 patients (62%), followed by headache in 15 patients
(32%). Unusual manifestations included impaired consciousness in
2 patients (3%), paralysis of the hypoglossal nerve in 2 patients (3%),
convulsion in 2 patients (3%), dysesthesia in 1 patient (2%), and
aphasiain 1 patient (2%). The shunts were located in the transverse-
sigmoid sinus in 24 patients (51%), anterior condylar confluence in
11 patients (23%), superior sagittal sinus in 4 patients (9%), ante-
rior cranial fossa in 2 patients (3%), and at other locations or not
described in 6 patients (13%).

The venous drainage patterns on arteriography were Borden
type I in 27 patients (57%), Borden type Il in 6 (13%), Borden type
[llin 11 (23%), and not available in 3 (6%). Among the patients with
Borden type 2 or 3 NCS-DAVF, which were recognized as high-
risk DAVFs, the reasons for observational follow-up were symptom
regression immediately after the diagnostic angiography or while
awaiting curative treatment in 4 patients (24%), shunt closure at
the time of endovascular treatment in 3 patients (18%), technical
treatment failure in 1 patient (6%), treatment refusal in 2 patients
(12%), and unknown reasons in 7 patients (41%).
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The duration from the initial diagnosis to shunt closure ranged
from 3 days to 15 years. Shunt closures occurred within 3 months
in 17 patients (36%), between 3 months and 1 year in 8 patients
(17%), and after 1 year in 11 patients (23%). The time of closure
was not described in 11 patients (23%). Symptomatic changes were
resolved in 21 patients (45%), improved in 12 patients (26%), and
unknown or unchanged in 14 patients (30%). In 5 patients, tran-
sient episode of headache or impaired consciousness preceded the
improvement or resolution of the symptoms. Possible predispos-
ing factors for shunt closure were identified in 14 patients (30%);
those included arteriography in 7 patients (15%), recanalization of
the occluded sinus in 4 patients (9%), development of sinus occlu-
sion in 2 patients (4%), compression of the shunt by a hematoma
in 1 patient (2%). We defined arteriography as a predisposing fac-
tor when symptomatic changes occurred during arteriography or
within a few days after arteriography, followed by confirmation of
shunt closures by repeated arteriography.!82528.29

Discussion

In our 9 patients with NCS-DAVFs who were followed up with-
out any treatment, the rate of spontaneous shunt closure was 50%,
which is higher than the 0-44% reported in the literature.”~81> This
difference may be explained as follows. In the previous reports,
follow-up arteriography was only performed in selected patients,
mainly those who had relevant symptomatic changes. By contrast,
the noninvasive character of 3D TOF MRA enabled us to perform
multiple imaging evaluations of all follow-up patients. In fact, 5 of
our 9 patients showed a time lag between the awareness of symp-
tomatic changes and confirmation of shunt closure. In such cases,
it may be difficult to confirm shunt closure with a single follow-
up arteriography study. Another possible explanation is that the
methodology used to confirm shunt closure may affect the inci-
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Table 2
Summary of data for combined 47 patients.

Journal of Neuroradiology 49 (2022) 94-100

Combined patients (N=47)

Sex Men 23 (49%)
Age Mean, median, range (years) 54,53,24-87
Presenting symptom Pulsatile tinnitus 29 (62%)
Headache 15 (32%)
Others 8(17%)
Site Transverse-sigmoid sinus 24 (51%)
Anterior condylar confluence 11 (23%)
Superior sagittal sinus 4(9%)
Anterior cranial fossa 2(3%)
Others or Undescribed 6 (13%)
Borden classification Type 1 27 (57%)
Type 2 6 (13%)
Type 3 11 (23%)
Not available 3(6%)
Duration from AVF diagnosis to shunt closure Within 3 months 17 (36%)
3 months-1 year 8(17%)
Over 1 year 11 (23%)
Undescribed 11 (23%)
Symptomatic change at the time of shunt closure Resolved 21 (45%)
Improved 12 (26%)
Unknown or stable 14 (30%)
Predisposing factor for shunt closure Arteriography 7 (15%)

Recanalization of occluded sinus (
Development of sinus thrombosis 2(
Compression of the shunt by a hematoma 1(

dence. By comparison with arteriography, which is the criterion
standard for the diagnosis of DAVF, the sensitivity of 3D TOF MRA
for the detection of cranial DAVF in the initial diagnosis is reported
to be 100%.191T However, the sensitivity for detection of residual
shunt in the follow-up examinations after treatment is reported
to be 88%,3? indicating that small and low-flow DAVFs could be
missed on 3D TOF MRA. Therefore, we cannot exclude the possibil-
ity that our institutional series included cases with residual small
and low-flow shunts that could be detected only by arteriography.

Our analysis of combined data from our institutional patients
and systematic review of the literature revealed several clinical
features of spontaneous closure of NCS-DAVFs. First, Borden type I
or IIl, which was recognized as high-risk NCS-DAVFs, accounted
for 36% of cases, which contrasts with the classical belief that
spontaneous closure occurs mainly for Borden type I, which was
recognized as low-risk NCS-DAVFs.!6-18 These data may be affected
by bias because the unexpected spontaneous closure of high-
risk NCS-DAVFs promotes publication of such cases. Although
our combined data cannot be used to advocate the conservative
management of high-risk NCS-DAVFs, it may provide reference
information for planning the treatment strategy for high-risk NCS-
DAVFs in specific patients, such as those in a poor clinical state or
those requiring difficult treatment procedures.

Second, the shunt closures occurred at various times after the
initial diagnosis, which suggests that diverse mechanisms may con-
tribute to spontaneous closure of NCS-DAVFs. We note that in 36%
of patients, shunt closure occurred within 3 months. This result
seemed to reflect that arteriography was most frequent predispos-
ing factor for shunt closure. In addition, even if arteriography is not
a predisposing factor, the hemodynamics of NCS-DAVFs may be
liable to change in the early stages. Therefore, 3 months of obser-
vation followed by curative treatment is proposed as a treatment
option for patients with low-risk NCS-DAVFs.

Third, arteriography was most frequent predisposing factor for
shunt closure accounting for 15% of cases. According to the mecha-
nism, temporary blood flow stagnation by selective catheterization
to feeding artery and endothelial damage caused by the contrast
medium using arteriography were explained.'82%:2829 In the latter
mechanism, thrombogenesis can occur in 3 months after arteriog-
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raphy. Therefore, arteriography may account for a potentially larger
proportion of predisposing factors.

Fourth, predisposing factors shunt closures were not identified
in about 70% of cases, despite several proposed extrinsic fac-
tors including arteriography, recanalization of the occluded sinus,
thrombosis of the involved sinus, and a mass effect caused by a
hematoma.!6.18.19.24-31 Therefore, we speculate that the mecha-
nism most frequently responsible for shunt closure is the intrinsic
mechanism proposed by Luciani et al.,'” in which the direct arte-
rial shunt flow into the venous system causes focal expansion of
the dura, which compresses the shunt point.

Our study has some limitations. First, closure of NCS-DAVFs in
our institutional patients was identified using 3D TOF MRA and
not the criterion-standard conventional arteriography. Although
nonvisible shunt on 3D TOF MRA cannot completely exclude the
residual presence of a small or low-flow shunt,?? its high sensi-
tivity for detection of NCS-DAVF may allow a diagnosis of shunt
closure without confirmatory arteriography, which has potential
risks of complications and relatively higher cost. Thus, to eval-
uate hemodynamic information that cannot be provided by 3D
TOF MRA, further examination using contrast-enhanced imaging
such as time-resolved contrast-enhanced MRA or time-resolved CT
angiography may be recommended.??~34 Second, our review com-
prises predominantly case reports, and there may be an inherent
publication bias within the included data. However, it is difficult to
collect prospective data about the natural history of cranial DAVFs,
including the high-risk type, because of their low incidence and
high annual event risk of 7-13%.1-* So, our pooled analysis of our
case series and published data can be considered meaningful.

Conclusion

In our review of 68 cases with NCS-DAVFs in patients attending
our institutions, 18 (26%) were followed without any treatment,
and 9 (13%) revealed shunt closures on follow-up MRA examina-
tions. In the combined analysis of cases with NCS-DAVFs showing
spontaneous closures from our institutions and systematic liter-
ature review, the high risk NCS-DAVFs accounted for 36%. Shunt
closure occurred within 3 months in 36% of patients, and potential
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predisposing factors for shunt closure could be detected in only 30%
of patients.

Funding

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Ethics approval

Our study was approved by the institutional review board,
which waived the requirement for informed consent given the ret-
rospective nature of the study.

Consent to participate
This study is retrospective observational study.
Consent for publication

All authors consent to publication of this manuscript in Journal
of Neuroradiology.

Authors’ contribution

Nobuo Kashiwagi: conceptualization, writing.

Koichi Miyazaki, Hiroto Takahashi, Masahiro Fujiwara: data
curation, data analysis.

Kiyoshi Tsuji, Atsuko Arisawa, Hajime Nakamura, Haruhiko
Kishima: data curation.

Kazunari Ishii: review and editing.

Noriyuki Tomiyama: supervision.

Disclosure of interest
All authors declare that they have no conflict of interest.

References

1. Gandhi D, Chen J, Pearl M, Huang ], Gemmete JJ, Kathuria S. Intracranial dural
arteriovenous fistulas: classification, imaging findings, and treatment. AJNR Am
J Neuroradiol. 2012;33:1007-1013, http://dx.doi.org/10.3174/ajnr.A2798.

2. Bulters DO, Mathad N, Culliford D, Millar ], Sparrow OC. The natu-
ral history of cranial dural arteriovenous fistulae with cortical venous
reflux—the significance of venous ectasia. Neurosurgery. 2012;70:312-318,
http://dx.doi.org/10.1227/NEU.0b013e318230966f.

3. Séderman M, Pavic L, Edner G, Holmin S, Andersson T. Natural his-
tory of dural arteriovenous shunts. Stroke. 2008;39:1735-1739,
http://dx.doi.org/10.1161/STROKEAHA.107.506485.

4. van Dijk JM, terBrugge KG, Willinsky RA, Wallace MC. Clini-
cal course of cranial dural arteriovenous fistulas with long-term
persistent  cortical ~ venous  reflux.  Stroke.  2002;33:1233-1236,
http://dx.doi.org/10.1161/01.STR.0000014772.02908.44.

5. Shah MN, Botros JA, Pilgram TK, et al. Borden-Shucart type I dural arteriovenous
fistulas: clinical course including risk of conversion to higher-grade fistulas. J
Neurosurg. 2012;117:539-545, http://dx.doi.org/10.3171/2012.5.JNS111257.

6. Satomi J, van Dijk JM, Terbrugge KG, Willinsky RA, Wallace MC. Benign
cranial dural arteriovenous fistulas: outcome of conservative management
based on the natural history of the lesion. | Neurosurg. 2002;97:767-770,
http://dx.doi.org/10.3171/jns.2002.97.4.0767.

7. Davies MA, Saleh ], Ter Brugge K, Willinsky R, Wallace MC. The
natural history and management of intracranial dural arteriovenous
fistulae. Part 1: benign lesions. Interv Neuroradiol. 1997;20:303-311,
http://dx.doi.org/10.1177/159101999700300404.

8. Kim DJ, terBrugge K, Krings T, Willinsky R, Wallace C. Spontaneous
angiographic conversion of intracranial dural arteriovenous shunt:
long-term follow-up in nontreated patients. Stroke. 2012;41:1489-1494,
http://dx.doi.org/10.1161/STROKEAHA.110.581462.

9. Choi JH, Jo KI, Kim KH, et al. Spontaneous angiographic changes in venous
drainage patterns related to symptom changes in patients with untreated cav-
ernous sinus dural arteriovenous fistula. Neuroradiology. 2015;57:1153-1161,
http://dx.doi.org/10.1007/s00234-015-1597-2.

100

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Journal of Neuroradiology 49 (2022) 94-100

Noguchi K, Melhem ER, Kanazawa T, Kubo M, Kuwayama N, Seto H. Intracra-
nial dural arteriovenous fistulas: evaluation with combined 3D time-of-flight
MR angiography and MR digital subtraction angiography. AJR Am J Roentgenol.
2004;182:183-190, http://dx.doi.org/10.2214/ajr.182.1.1820183.

Azuma M, Hirai T, Shigematsu Y, et al. Evaluation of intracranial dural arteriove-
nous fistulas: comparison of unenhanced 3T 3D time-of-flight MR angiography
with digital subtraction angiography. Magn Reson Med Sci. 2015;14:285-293.
Moher D, Liberati A, Tetzlaff ], Altman DG. PRISMA Group.
Preferred reporting items for systematic reviews and meta-
analyses: the PRISMA statement. Ann Intern Med. 2009;15:264-269,
http://dx.doi.org/10.7326/0003-4819-151-4-200908180-00135.

Borden JA, Wu JK, Shucart WA. A proposed classification for spinal and cranial
dural arteriovenous fistulous malformations and implications for treatment. J
Neurosurg. 1995;82:166-179, http://dx.doi.org/10.3171/jns.1995.82.2.0166.
Cognard C, Gobin YP, Pierot L, et al. Cerebral dural arteriove-
nous fistulas: clinical and angiographic correlation with a revised
classification of venous drainage. Radiology. 1995;194:671-680,
http://dx.doi.org/10.1148/radiology.194.3.7862961.

Manabe S, Koichi S, Matsubara S, Satomi ], Hanaoka M, Nagahiro S.
Characteristics, diagnosis and treatment of hypoglossal canal dural arte-
riovenous fistula: report of nine cases. Neuroradiology. 2008;50:715-721,
http://dx.doi.org/10.1007/s00234-008-0393-7.

Clarencon F, Biondi A, Sourour NA, et al. Spontaneous closure of intracra-
nial dural arteriovenous fistulas: a report of 3 cases. Clin Neurol Neurosurg.
2013;115:971-975, http://dx.doi.org/10.1016/j.clineuro.2012.10.006.

Luciani A, Houdart E, Mounayer C, Saint Maurice JP, Merland JJ. Spontaneous
closure of dural arteriovenous fistulas: report of three cases and review of the
literature. AJNR Am J Neuroradiol. 2001;22:992-996.

Voormolen V, Geens K, Van Den Hauwe L, Parizel PM. Spontaneous
closure of cerebral dural arteriovenous fistulas with direct cortical
venous drainage. A case report. Interv Neuroradiol. 2009;15:359-362,
https://doi.org/10.1177%2F159101990901500316.

Warren DJ, Craven I, Romanowski CAJ, Coley SC. Spontaneous closure
of a type 2a dural arteriovenous fistula following late recanaliza-
tion of the occluded sinus. Interv Neuroradiol. 2010;16:282-285,
http://dx.doi.org/10.1177/159101991001600309.

Saito A, Furuno Y, Nishimura S, Kamiyama H, Nishijima M. Spontaneous closure
of transverse sinus dural arteriovenous fistula: case report. Neurol Med Chir.
2008;48:564-568, http://dx.doi.org/10.2176/nmc.48.564.

Kannath SK, Rajan JE, Mukherjee A. Factors predicting spontaneous thrombosis
of aggressive cranial dural arteriovenous fistulas. World Neurosurg. 2017;103,
http://dx.doi.org/10.1016/j.wneu.2017.04.026, 821-828.e2.

Al-Afif S, Nakamura M, Gotz F, Krauss JK. Spontaneous closure
of a dural arteriovenous fistula. ] Neurointerv Surg. 2015;7:e28,
http://dx.doi.org/10.1136/neurintsurg-2014-011255.rep.

Basheer N, Kasliwal M, Gaikwad S, Sharma B. Spontaneous closure of dural
arterio-venous fistula. Neurol India. 2008;56:207.

Pritz MB, Pribram HF. Spontaneous closure of a high-risk dural arteriove-
nous malformation of the transverse sinus. Surg Neurol. 1991;36:226-228,
http://dx.doi.org/10.1016/0090-3019(91)90118-S.

Santosh C, Teasdale E, Molyneux A. Spontaneous closure of an intracra-
nial middle cerebral arteriovenous fistula. Neuroradiology. 1991;33:65-66,
http://dx.doi.org/10.1007/BF00593338.

Kutluk K, Schumacher M, Mironov A. The role of sinus thrombo-
sis in occipital dural arteriovenous malformations—development
and spontaneous closure. Neurochirurgia (Stuttg). 1991;34:144-147,
http://dx.doi.org/10.1055/s-2008-1052075.

Cecchi PC, Schwarz A. Early spontaneous disappearance of a “benign”
cranial dural arteriovenous fistula with hemorrhagic onset. Chirurgia.
2011;24:365-367.

Blomquist MH, Barr JD, Hurst RW. Isolated unilateral hypoglossal neuropathy
caused by dural arteriovenous fistula. AINR Am J Neuroradiol. 1998;19:951-953.
Reul ], Thron A, Laborde G, Briickmann H. Dural arteriovenous malformations
at the base of the anterior cranial fossa: report of nine cases. Neuroradiology.
1993;35:388-393, http://dx.doi.org/10.1007/BF00588378.

vanBeijnum ], Klijn CJ, Lo TH, van der Zwan A, Kappelle L]. Spontaneous oblitera-
tion of a dural arteriovenous fistula after treatment of polycythemia in a patient
with factor V Leiden mutation: case report. J Neurol. 2010;257:1573-1575,
http://dx.doi.org/10.1007/s00415-010-5557-9. Epub 10 April 2010. No abstract
available.

Ahn]Y, Lee BH, Cho Y],Joo]Y, Lee KS. Dural arteriovenous fistula associated with
meningioma: spontaneous disappearance after tumor removal. Neurol Med Chir
(Tokyo). 2003;43:308-311.

Meckel S, Maier M, Ruiz DS, et al. MR angiography of dural arteriovenous
fistulas: diagnosis and follow-up after treatment using a time-resolved 3D
contrast-enhanced technique. AJNR Am J Neuroradiol. 2007;28:877-884.
Nishimura S, Hirai T, Sasao A, et al. Evaluation of dural arteriovenous fistu-
las with 4D contrast-enhanced MR angiography at 3T. AINR Am | Neuroradiol.
2010;31:80-85, http://dx.doi.org/10.3174/ajnr.A1898. Epub 15 October 2009.
In 't Veld M, Fronczek R, Dos Santos MP, van Walderveen MAA, Mei-
jer FJA, Willems PWA. High sensitivity and specificity of 4D-CTA in the
detection of cranial arteriovenous shunts. Eur Radiol. 2019;29:5961-5970,
http://dx.doi.org/10.1007/s00330-019-06234-4.

Downloaded for Anonymous User (n/a) at Osaka International Cancer Institute from ClinicalKey.jp by Elsevier on August 03,
2022. For personal use only. No other uses without permission. Copyright ©2022. Elsevier Inc. All rights reserved.


dx.doi.org/10.3174/ajnr.A2798
dx.doi.org/10.1227/NEU.0b013e318230966f
dx.doi.org/10.1161/STROKEAHA.107.506485
dx.doi.org/10.1161/01.STR.0000014772.02908.44
dx.doi.org/10.3171/2012.5.JNS111257
dx.doi.org/10.3171/jns.2002.97.4.0767
dx.doi.org/10.1177/159101999700300404
dx.doi.org/10.1161/STROKEAHA.110.581462
dx.doi.org/10.1007/s00234-015-1597-2
dx.doi.org/10.2214/ajr.182.1.1820183
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0225
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0225
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0225
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0225
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0225
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0225
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0225
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0225
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0225
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0225
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0225
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0225
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0225
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0225
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0225
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0225
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0225
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0225
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0225
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0225
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0225
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0225
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0225
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0225
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0225
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0225
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0225
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0225
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0225
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0225
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0225
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0225
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0225
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0225
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0225
dx.doi.org/10.7326/0003-4819-151-4-200908180-00135
dx.doi.org/10.3171/jns.1995.82.2.0166
dx.doi.org/10.1148/radiology.194.3.7862961
dx.doi.org/10.1007/s00234-008-0393-7
dx.doi.org/10.1016/j.clineuro.2012.10.006
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0255
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0255
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0255
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0255
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0255
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0255
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0255
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0255
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0255
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0255
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0255
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0255
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0255
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0255
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0255
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0255
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0255
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0255
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0255
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0255
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0255
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0255
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0255
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0255
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0255
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0255
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0255
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0255
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0255
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0255
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0255
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0255
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0255
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0255
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0260
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0260
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0260
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0260
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0260
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0260
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0260
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0260
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0260
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0260
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0260
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0260
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0260
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0260
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0260
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0260
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0260
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0260
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0260
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0260
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0260
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0260
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0260
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0260
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0260
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0260
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0260
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0260
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0260
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0260
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0260
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0260
dx.doi.org/10.1177/159101991001600309
dx.doi.org/10.2176/nmc.48.564
dx.doi.org/10.1016/j.wneu.2017.04.026
dx.doi.org/10.1136/neurintsurg-2014-011255.rep
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0285
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0285
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0285
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0285
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0285
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0285
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0285
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0285
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0285
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0285
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0285
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0285
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0285
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0285
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0285
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0285
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0285
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0285
dx.doi.org/10.1016/0090-3019(91)90118-S
dx.doi.org/10.1007/BF00593338
dx.doi.org/10.1055/s-2008-1052075
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0305
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0305
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0305
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0305
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0305
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0305
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0305
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0305
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0305
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0305
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0305
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0305
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0305
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0305
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0305
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0305
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0305
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0305
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0305
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0305
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0305
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0305
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0310
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0310
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0310
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0310
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0310
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0310
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0310
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0310
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0310
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0310
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0310
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0310
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0310
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0310
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0310
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0310
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0310
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0310
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0310
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0310
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0310
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0310
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0310
dx.doi.org/10.1007/BF00588378
dx.doi.org/10.1007/s00415-010-5557-9
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0325
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0325
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0325
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0325
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0325
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0325
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0325
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0325
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0325
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0325
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0325
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0325
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0325
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0325
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0325
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0325
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0325
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0325
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0325
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0325
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0325
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0325
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0325
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0325
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0325
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0325
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0325
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0325
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0325
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0330
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0330
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0330
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0330
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0330
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0330
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0330
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0330
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0330
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0330
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0330
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0330
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0330
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0330
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0330
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0330
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0330
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0330
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0330
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0330
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0330
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0330
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0330
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0330
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0330
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0330
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0330
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0330
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0330
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0330
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0330
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0330
http://refhub.elsevier.com/S0150-9861(20)30249-2/sbref0330
dx.doi.org/10.3174/ajnr.A1898
dx.doi.org/10.1007/s00330-019-06234-4

	Spontaneous closure of non-cavernous sinus dural arteriovenous fistulas: A case series and systematic review of the litera...
	Introduction
	Material and methods
	Patient recruitment and inclusion criteria
	Systematic review
	Data extraction

	Results
	Retrospective case series and illustrative cases
	Illustrative cases
	Case 1
	Case 2

	Systematic review and combined data

	Discussion
	Conclusion
	Funding
	Ethics approval
	Consent to participate
	Consent for publication
	Authors contribution
	Disclosure of interest
	References


