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Abstract

Purpose:We reported the clinical and radiological outcome of an aggressive dural arteriovenous
fistula (DAVF) after combined glue embolization and hypofractionated helical TomoTherapy
(Hypo-HT).
Materials and methods: Eleven patients whose radiological examinations are consistent with
aggressive DAVF were treated with combined glue embolization and Hypo-HT 30–36 Gy in
5–6 fractions. The dosimetric analysis, clinical response and radiological imaging obliteration
rate by magnetic resonance angiography or computed tomography angiography were
investigated.
Results: There were eight males and three females with a male and female ratio of 2·67.
The mean age was 51·2 years old (range 37–69). Anatomical imaging sites of disease included
transverse-sigmoid sinuses (n= 7), superior sagittal sinus (n= 3) and tentorium cerebelli
(n= 1). The mean pitch andMF of treatment plans were 0·273 ± 0·032 and 1·70 ± 0·31, respec-
tively. The average size of PTVwere 15·39 ± 7·74 cc whereas the Reff,PTVwas 1·50 ± 0·25 cm. The
average Dmax and Dmin were 37·52 ± 3·34 and 31·77 ± 2·64 Gy, respectively. HI, CI and
CI50 were 0·16 ± 0·06, 1·80 ± 0·56 and 7·85 ± 4·16, respectively. The Reff,Rx and Reff,50%Rx were
1·80 ± 0·24 and 2·90 ± 0·45 cm, respectively. The Reff between 50%Rx and 100%Rx was
1·10 ± 0·28 cm on average. With a mean follow up of 28·5 months (range 9–48), the complete
recovery of symptoms was found in 72·7 % (eight patients) within 2–12 months after comple-
tion Hypo-HT. Partial recovery was reported in 18·2% (two patients). No clinical response was
found in 9·1% (one patient). The total radiographic obliteration rate was 27·3% (three patients),
subtotal obliteration was 27·3% (three patients) and partial obliteration was 45·4% (five
patients).
Conclusions: Satisfactory clinical response of aggressive DAVF was found in all treated
patients by combining glue embolization and Hypo-HT. All dosimetric parameters were
acceptable. We still need an extended follow up time to assess further radiographic obliteration
rate and late side effects of the treatment.

Introduction

Dural arteriovenous fistula (DAVF) is a rare type of intracranial vascular abnormality in which
the branches of dural arteries have abnormal connection to dural veins or sinuses. This lesion
can arise anywhere along the intracranial dura mater. The incidence of DAVF accounts for
10–15% of all intracranial vascular malformations.1 However, the true incidence may be higher
than currently diagnosed. Some reports showed several percentages in clinically silent patient or
spontaneous regression of DAVF.2,3 DAVF is commonly diagnosed between the age of 40 and 60
but it can present at any age of life.4 The definite etiology of vascular shunt in DAVF remains
unclear. Some authors proposed an acquired cause predisposing from prior cerebral venous
thrombosis after surgery, trauma or clinical states associated with hypercoagulability, including
infection and pregnancy.5,6 The thrombosis may alter a local vascular system and promote the
opening of pre-existing small dural shunts or may activate angiogenesis by abnormalities in
various angiogenic growth factors change which proceed to newly developed dural shunts.7

Clinical presentations in patient with DAVF varies from asymptomatic to serious neurological
deficit. In symptomatic patients, the location of shunts and the route of venous drainage are
directly related to the symptoms present.8 The previous studies revealed the common location
at transverse-sigmoid sinus (50%), followed by cavernous sinus (16%), tentorium cerebelli
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(12%) and superior sagittal sinus (8%).5,8,9 An increase of dural
sinus blood flow from DAVF draining into transverse and sigmoid
sinuses conducts pulsatile tinnitus while more serious symptoms
associate with venous hypertension or intracranial haemorrhage.
These serious sequelae are usually presented of cortical venous
reflux (CVR) which is classified as aggressive type of DAVF.10-12

General management for DAVF relies on the severity of symp-
toms and angiographic findings. In benign type of DAVF (no
CVR) with asymptomatic patients, conservative treatment remains
an option as there was some percentage of spontaneous regression.
In contrast, more serious conditions or aggressive DAVFs require
interventionmanagement such as surgery, endovascular emboliza-
tion, radiotherapy or a combination of these modalities.1,13

Recently, endovascular embolization has become a first line defini-
tive treatment as it can result in an immediate closure of the fis-
tula.14 However, some large lesions or high-risk embolization
are suitable for only partial embolization, which have persistent
risk of haemorrhage. Radiotherapy techniques for DAVF require
a stereotactic process, stereotactic radiosurgery (SRS) or hypofrac-
tionationated stereotactic radiotherapy (HF-SRT), resulting in
high obliteration rate and low complication rate. However, radio-
therapy is not recommended as a first-line treatment in aggressive
DAVF as radiation induced obliteration requires a long-term
effect.1

There are a limited number of publications on the effectiveness
of combined treatment modalities, embolization and radiotherapy,
in selected aggressive DAVF.15-17 This study aims to report clinical
and radiological response of aggressive DAVF after combined-
treatment of glue embolization followed by hypofractionated hel-
ical TomoTherapy (Hypo-HT) in Maharaj Nakorn Chiang Mai
hospital, Chiang Mai University.

Materials and Methods

This was a retrospective study in the single institution Maharaj
Nakorn Chiang Mai hospital, Chiang Mai University, between
June 2015 and March 2020. We evaluated the clinical and radio-
logical outcome of aggressive DAVF patients. All cases underwent
glue embolization as a first-line treatment. The patients who had
incomplete obliteration of fistula with CVR (confirmed by cerebral
digital subtraction angiography; DSA) were also received adjuvant
Hypo-HT.

The patients’ demographic data were obtained from medical
record of Maharaj Nakorn Chiang Mai hospital. Data collection
was comprised of sex, age, presenting symptoms, clinical response,
duration of the response and side effects after Hypo-HT.

Once the patients were identified, we reviewed the images from
the Picture Archiving and Communication System (PACS) of the
Division of Diagnostic Radiology. The angiographic data were col-
lected by reviewing location of DAVF, evidence of CVR, tech-
niques, number of sessions and complication of endovascular
embolization. Our study was also approved by the Faculty of
medicine Chiang Mai University ethics committee (Study code:
RAD-2563-07566, Research ID 7566).

Glue embolization

Cerebral DSA and embolization were performed on a biplane
angiographic unit (Infinix-I, Toshiba Medical Systems, Tustin,
California, USA) under general anaesthesia. Selective angiogram
of bilateral internal carotid arteries, bilateral external carotid
arteries (ECA) and vertebral artery was performed in all patients

to evaluate location of fistula, arterial feeders, pattern of venous
drainage and CVR. Superselective trans-arterial glue embolizations
were done mostly via ECA branches to obliterate fistula by using
the Histoacryl glue, n-butyl-cyanoacrylate (NBCA), which is part
of fast-acting adhesives. NBCA was mixed with Lipiodol to make it
radiopaque and to adjust its polymerization time in individ-
ual cases.

Hypo-HT

Treatment plan for all patients was created by using Hi-Art treat-
ment planning system (TomoTherapy®, Accuray, Madison, USA)
and treated by helical technique. The dose prescription range was
30–36 Gy in 5–6 fractions. The schematic delivery was daily (OD)
or every other day (EOD). The planning target volume (PTV) was a
3 mm expansion from the gross target volume. The plan parame-
ters were set in the range of 1·00–2·50 cm both in fixed and
dynamic jaws mode, 0·200–0·287 and 1·50–2·20 for the field width
(FW), pitch and modulation factor (MF), respectively. The fine
grid (1·95 × 1·95 mm2) was used for the resolution of dose calcu-
lation. The dose prescription and plan evaluation were done
according to ICRU83.18 The plan quality was reported in maxi-
mum dose (Dmax), minimum dose (Dmin), homogeneity index
(HI), conformity index (CI) and conformity index at 50% of
treated dose (CI50). The effective radius of 100% (ReffRx) and
50% (Reff50%Rx) dose prescription were also calculated by , whereas
V was the volume of interest.

Response evaluation

Symptomatic response after combined glue embolization and
Hypo-HT was grouped into complete recovery, partial recovery,
no recovery and progression of symptoms. Radiological response
was classified as total obliteration, subtotal obliteration, indicating
>90% regression of DAVF or a few small residual CVR, partial
obliteration indicating >50% regression of DAVF, stable and pro-
gression of the disease. The clinical response and acute side effects
were assessed at 6 weeks after Hypo-HT completion. Then the
clinical follow-up was done every 2 months in the first year and
every 6 months thereafter. MRI/MR (SIGNA 1·5 Tesla, GE,) angi-
ography or CT (SOMATOM FORCE, Siemens, Forchheim,
Germany) angiography were also performed at 6 months interval
in the first two years, and yearly thereafter to evaluate DAVF
response and post radiation effect. We planned further cerebral
DSA examination for patients who developed worsening clinical
symptoms or progression of DAVFs and CVR on magnetic reso-
nance angiography (MRA) or computed tomography angiogra-
phy (CTA).

Results

Eleven aggressive DAVF patients were treated with combined glue
embolization, followed by Hypo-HT. The age of patients ranged
from 37 to 69 years, with an average of 51·2 years. There were eight
men (72·7%) and three women (27·3%) with a male and female
ratio of 2·67. The most common affected location of DAVF were
transverse-sigmoid sinus (n= 7, 63·6%), followed by superior sag-
ittal sinus (n= 3, 27·3%) and tentorium cerebelli (n= 1, 9·1%).
Pulsatile tinnitus and headache were the most common presenting
symptoms. Four patients (36·4%) had history of pulsatile tinnitus,
four patients (36·4%) presented with headache, three patients
(27·3%) had history of seizure and one patient (9·1%) presented
with left hemiparesis from intracranial haemorrhage. The patients
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received 1–4 times (median 2) glue embolization prior Hypo-HT.
None of the patient experienced embolization complication during
the follow up period.

The mean follow-up after Hypo-HT was 28·5 months (range 9–
48). The complete symptomatic recovery was found in 72·7% (8
patients) within 2–12 months (mean= 7) after Hypo-HT.
Partial symptomatic recovery was reported in 18·2% (2 patients)
at 2 and 8 months. No recovery was found in 9·1% (1 patient)
at 9 months, with recurrent seizure. Follow up MRI and MRA
was performed in seven patients. Four patients underwent follow
up CTA. The total radiographic obliteration rate was 27·3% (three
patients) within 14–21 months (mean = 17·6), subtotal oblitera-
tion was 27·3% (three patients) within 8–12 months (mean= 10·6)
and partial obliteration rate was 45·4% (five patients) within 6–36
months (mean = 18·6). The side effect of Hypo-HT was focal alo-
pecia in all cases (100%). No patient experienced new haemorrhage
after treatment. Post radiation imaging demonstrated hyperintense
post-radiation change in only one (9·1%) asymptomatic patient
with T2/FLAIR sequence on MRI. Table 1 shows the patients’
characteristics and the outcome after Hypo-HT.

Table 2 describes the parameters, dosimetric analysis and qual-
ity indexes of the treatment plans. Themean pitch andMF of treat-
ment plans are 0·273 ± 0·032 and 1·70 ± 0·31, respectively. The
average size of PTV are 15·39 ± 7·74 cc whereas the Reff,PTV is
1·50 ± 0·25 cm. The average Dmax and Dmin are 37·52 ± 3·34
and 31·77 ± 2·64 Gy, respectively. HI, CI and CI50 are 0·16 ±
0·06, 1·80 ± 0·56 and 7·85 ± 4·16, respectively. The Reff,Rx and
Reff,50%Rx are 1·80 ± 0·24 and 2·90 ± 0·45 cm, respectively. The
Reff between 50%Rx and 100%Rx is 1·10 ± 0·28 cm on average.

Discussion

The natural history of aggressive DAVFs is unfavourable. The
annual risk of haemorrhage is 8·1%, non-haemorrhagic neurode-
ficit is 6·9% and annual mortality rate is 10·4%.19 According to
these high morbidity and high mortality rates, all patients with
aggressive DAVFs should be treated. There are diversified treat-
ment options, including surgery, endovascular embolization,
radiosurgery/radiotherapy or a combination of these treatments.
The goal is to achieve a complete occlusion of the fistula and CVR.

Surgical treatment involves the surgical excision of the menin-
geal arteries and veins, packing of the dural sinus, as well as skel-
etonization of the involved dural sinus with the disconnection of
the draining leptomeningeal veins. Surgical risks for disconnecting
DAVF include blood loss, intracranial haemorrhage, cerebral
infarction and cerebrospinal fluid leakage.13 At the present time,
an open surgical approach is generally reserved for aggressive
DAVFs that are not manageable with endovascular embolization,
however surgery is ideal for specific DAVF location at the anterior
cranial fossa.14 Endovascular embolization is the first-line treat-
ment to immediate closure of aggressive fistula. The fistula and
proximal draining vein of DAVFs is targeted to curative emboliza-
tion by trans-arterial route with liquid embolic agent or transve-
nous route with coils and/or liquid embolic agent.14 Post
embolization complications occur in 2–10% of cases.20 Although
trans-arterial embolization is an effective method, the previous
studies revealed incomplete obliteration of DAVF in 50% or more
of the cases.17 Incomplete obliteration leads to the recruitment of
collateral vessels and contributes to the persistent risk of intracranial

Table 1. Patient characteristics and outcomes after Hypo-HT

Patient
Number Sex

Age
(years) Anatomical site

Clinical Symptom
before Hypo-HT

Prior treatment
(sessions)

Clinical response
(interval
after Hypo-HT;
months)

Radiographic
Obliteration
(interval after
Hypo-HT; months)

1 Male 65 Right transverse-
sigmoid sinus

Pulsatile tinnitus Glue embolization (4) Complete recovery
(12)

Subtotal obliteration
(12)

2 Female 47 Left transverse-
sigmoid sinus

Pulsatile tinnitus Glue embolization (3) Partial recovery (12) Partial obliteration
(7,24,36)

3 Female 37 Right tentorium
cerebelli

Left hemiparesis Glue embolization (2) Partial recovery (8) Subtotal obliteration
(8)

4 Male 40 Superior sagittal
sinus

Seizure Glue embolization (4) Complete recovery
(2)

Partial obliteration
(12)

5 Male 56 Superior sagittal
sinus

Headache
Vertigo

Glue embolization (2) Partial recovery (2) Subtotal obliteration
(12)

6 Male 69 Superior sagittal
sinus

Headache Glue embolization (3) Complete recovery
(8)

Total obliteration (14)

7 Male 45 Right transverse-
sigmoid sinus

Pulsatile tinnitus Glue embolization (2) Complete recovery
(8)

Partial obliteration
(12,24)

8 Male 40 Right transverse
sinus

Headache Glue embolization (2) Complete recovery
(5)

Total obliteration (21)

9 Male 48 Right transverse-
sigmoid sinus

Headache
Seizure

Glue embolization (1) Complete recovery
(6)

Partial obliteration
(9,15)

10 Female 52 Left transverse-
sigmoid sinus

Pulsatile tinnitus Glue embolization (1) Complete recovery
(8)

Total obliteration (18)

11 Male 65 Right transverse-
sigmoid sinus

Seizure Glue embolization (2) No recovery (9) Partial obliteration (6)

Abbreviation: Hypo-HT, hypofractionated helical TomoTherapy.
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haemorrhage. For patients who have incomplete obliteration of their
fistula, no accessible feeding vessels or high risk embolization, partial
embolizationmay temporarily reduce symptoms, but it is unlikely to
result in a long-term good outcome.13

Radiotherapy for DAVF requires a stereotactic process, stereo-
tactic radiosurgery (SRS) or hypofractionation stereotactic therapy
(HF-SRT). Complete obliteration rate from radiotherapy is
reported to be approximately 44–87%.21-23 Previous reports
showed that benign DAVF had higher occlusion rate than aggres-
sive DAVF (75% versus 56%).24 However radiotherapy is not
recommended as the first-line treatment strategy in aggressive
DAVFs because of its long latency period about 6–12 months1 dur-
ing which patients remain at risk of intracranial haemorrhage. This
technique has become an important additional treatment of
aggressive DAVF.

Table 3 summarizes the published outcomes of combined treat-
ments of aggressive DAVF. In our study, we provide a precise and
in-depth understanding of aggressive DAVF, thus we selected and
demonstrated only aggressive DAVF patients. In our institution,
all aggressive DAVF patients with incomplete embolization
received radiotherapy. The reason for this approach is to provide
immediate patients’ symptoms relief and reduce the risk of intra-
cranial haemorrhage by glue embolization as much as possible,
then followed by complementary radiotherapy to permanently
occlude the fistula. The results of our study showed satisfactory
clinical symptom recovery of aggressive DAVF in all treated
patients by combining glue embolization to hypo-HT. Only one

patient in our study had no improvement with recurrent seizure
because of brain damage from the previous intracranial haemor-
rhage. No patient experienced new haemorrhage or worsening
symptom after treatment. One side effect of hypo-HT is focal alo-
pecia in all cases. Our results were supported by Park et al. (2017)23

who reported 19 cases of embolization or surgery before SRS and
SRS alone with complete symptoms recovery of 68%. Friedman
et al. (2001)16 showed four cases with SRS before particulate embo-
lization. The patient symptoms resolved in three cases (75%) and
recurred in one case (25%). More recently in 2019 Hong-Gyu Baek
et al.25 demonstrated 6 cases of aggressive DAVFs treated by embo-
lization before SRS. The results showed complete symptoms recov-
ery in three cases (50%) and partial symptoms recovery in three
cases (50%).

In our study, the radiological response showed 27·3% total
obliteration, 27·3% subtotal obliteration and 45·4% partial obliter-
ation. The percentage of total obliteration rate is less than in pre-
vious literature reviews in Table 3, however the mean follow-up of
the subtotal obliteration group in our study was only 10·3 months
and partial obliteration group was 18·6months. We need more fol-
low up time due to the latency period of radiation effect for further
fistula obliteration evaluation. For follow-up study assessed by cer-
ebral DSA, we limited it only to patients who developed worsening
clinical symptoms or progression of DAVFs and CVR on MRI/
MRA or CTA. However, none of our patients fill these criteria.
The lack of cerebral DSA confirmation is a limitation of our study,
however MRI and MRA have a 90% specificity for confirming

Table 2. Plan parameters, dosimetric analysis and plan quality index

No.
Dose/Fx,
Delivery

PTV
(cc)

Reff,PTV
(cm)

FW
(cm) Pitch MF

Dmax
(Gy)

Dmin
(Gy) HI CI CI50

Reff,Rx
(cm)

Reff,50%Rx

(cm)
Reff,50%Rx-Rx

(cm)

1 30Gy/5Fx,
EOD

12·62 1·44 1·0f 0·287 1·80 31·63 27·47 0·14 1·61 6·22 1·69 2·66 0·97

2 30Gy/5Fx,
OD

19·01 1·66 1·0f 0·287 1·20 32·22 27·92 0·14 1·47 5·18 1·88 2·86 0·98

3 36Gy/6Fx,
EOD

7·70 1·22 2·5f 0·287 1·80 38·15 33·39 0·13 3·05 19·03 1·78 3·27 1·49

4 36Gy/6Fx,
EOD

24·45 1·80 1·0f 0·215 1·30 38·44 32·21 0·17 1·60 6·69 2·11 3·39 1·28

5 36Gy/6Fx,
EOD

10·74 1·37 1·0f 0·287 1·30 38·43 29·39 0·25 1·91 5·71 1·70 2·45 0·75

6 36Gy/6Fx,
EOD

6·93 1·18 2·5d 0·287 2·20 37·28 34·79 0·07 2·70 11·32 1·65 2·66 1·01

7 36Gy/6Fx,
EOD

20·20 1·69 2·5d 0·287 1·70 38·57 33·67 0·14 1·53 8·50 1·95 3·45 1·50

8 36Gy/6Fx,
EOD

8·28 1·26 1·0f 0·287 1·80 37·71 34·62 0·09 1·58 5·43 1·46 2·21 0·75

9 36Gy/6Fx,
EOD

10·16 1·34 1·0f 0·287 1·80 38·70 32·11 0·18 1·37 5·54 1·49 2·38 0·89

10 36Gy/6Fx,
EOD

30·65 1·94 2·5d 0·287 1·80 37·39 30·05 0·20 1·56 4·90 2·25 3·30 1·05

11 36Gy/6Fx,
EOD

18·52 1·64 1·0f 0·200 2·00 44·15 33·81 0·29 1·40 7·81 1·84 3·26 1·42

Mean 15·39 1·50 - 0·273 1·70 37·52 31·77 0·16 1·80 7·85 1·80 2·90 1·10

SD 7·74 0·25 - 0·032 0·31 3·34 2·64 0·06 0·56 4·16 0·24 0·45 0·28

Abbreviations: Fx, fraction; PTV, planning target volume; ReffPTV, effective radius of PTV; FW, field width; MF, modulation factor; Dmax, maximum dose; Dmin, minimum dose; HI, homogeneity
index; CI, conformity index; CI50, conformity index at 50% prescribed dose; Reff,Rx, effective radius of prescribed dose; Reff,50%Rx, effective radius of 50% prescribed dose; Reff,50%Rx-Rx, the distance
between Reff,50%Rx and Reff,Rx; Gy, grey; EOD, every other day; OD, once a day; SD, standard deviation.
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obliteration compared to cerebral angiogram in arteriovenousmal-
formations that underwent SRS.26

The Hypo-HT was selected instead of stereotactic radiosurgery
because of the size of the PTV based on the study by Sung et al.27

who showed that hypo-fractionated treatment was used for target
volume larger than 7 cc. The average target volume in our study
was 15·39 cc. The distance of the dose falloff outside target was cal-
culated by the direct subtraction between the Reff of 100%Rx and
50%Rx. The distance of the dose falloff was within 1·50 cm and
showed excellence on average result (1·10 ± 0·28 cm), whereas
the dose prescription followed ICRU8318 recommendations.
However, Reynolds TA et al.28 showed that the dose gradient
depends on the size and shape of the PTV, especially for large target
volume.

Prior studies revealed that patients underwent radiotherapy
before or after particulate embolization.15,16,20 The timing of embo-
lization and radiotherapy is still controversial. Some literature
states that embolization before SRS reduces target volume and
blood flow, which promotes fistula occlusion. On the other hand,
some authors argue that the target margin may be obscured when
embolization was done prior to SRS, leading to ineffective radio-
therapy.29 In our opinion, in case of benign DAVF, the sequence
for the combination could be done either way, because of the natu-
ral history of this type of benign DAVF, it can be ‘wait and see’
without any dangers. However, in case of aggressive DAVF, embo-
lization before radiotherapy might be more effective because the
goal is to obliterate the fistula and CVR to prevent risk of intracra-
nial haemorrhage or other non-hemorrhagic neurological deficit
and followed by long-term effect of radiotherapy. There are few
reports of post SRS intracranial haemorrhage; Yang et al. (2010)
17 reported one case of aggressive DAVF treated by SRS alone.

Cifarelli et al. (2010)30 reported three cases (15%) of post SRS hae-
morrhage after combined embolization or surgery and SRS. More
recently in 2015, meta-analysis by Chen et al.,29 showed 4·2% hae-
morrhage after SRS alone and combined treatment. Based on these
studies, we thought that radiotherapy is not recommended as the
primary treatment strategy in aggressive DAVFs because of risks of
fatal haemorrhage.

This research has some limitations. As mentioned above, we
used non-invasive imaging (CTA or MRA) in follow up radio-
graphic response of aggressive DAVF treatment, which is less accu-
racy than cerebral DSA.Moreover, we still need an extended follow
up time for further assessment on radiological obliteration rate and
the late side effects of treatment.

Our practice has shown satisfactory clinical response of aggres-
sive DAVF in all treated patients by combining glue embolization
and Hypo-HT. No patient experienced new intracranial haemor-
rhage or new neurological deficit after treatment. This can be an
alternative technique in our future practice, particularly in non-
curative aggressive DAVF by endovascular treatment alone.

Conclusion

Combined glue embolization and Hypo-HT offered a satisfactory
therapeutic effect in both symptomatic recovery and radiological
obliteration rate. Though we require more follow up time to
explore the ultimate treatment outcome and late radiation side
effects.

Acknowledgement. None.

Financial Support. None.

Table 3. Comparison between combined embolization and radiotherapy in aggressive DAVF and other studies.

Studies N Treatment (%) Clinical response (%) Radiological response

Links et al. (1996)15 12# Gamma knife þ particulate embolization ICH (0) Complete obliteration of CVR
(16·7)

Partial obliteration (83·3)

Friedman et al. (2001)16 4# SRSþ Particulate embolization Resolve (75)
Recurrent (25)
ICH (0)

> 50% obliteration (50)
no follow up (50)

Koebbe et al. (2005)20 4# SRS (50)
Particulate with absolute ethanol
embolization þ SRS (50)

Resolve (25)
Improved (75)

Complete obliteration (100)

Hanakita et al. (2009)31 15# Gamma knife þ/− embolization (53·3)
Embolization þ Gamma knife (33·3)
Embolization þ surgery þ Gamma knife
(13·3)

N/A Complete obliteration (47)

Cifarelli et al. (2010)30 20# Embolization/Surgery þ SRS ICH (15) N/A

Yang et al. (2010)17 20# Embolization þ SRS (95)
SRS alone (5)

ICH (5)
(SRS alone)

Complete obliteration (70)

Park et al. (2017)23 19# SRS Embolization/surgery þ SRS Complete recovery (68)
ICH (0)

Complete obliteration (79)

Hong-Gyu Baek et al. (2019)
25

6# Embolization þ SRS Complete recovery (50)
Incomplete recovery (50)

Total or subtotal obliteration
(100)

Our study 11# Embolization þ Hypo-HT (100) Complete recovery (72·7)
Partial recovery (18·2)
No recovery (9·1)

Total obliteration (27·3)
Subtotal obliteration (27·3)
Partial obliteration (45·4)

Abbreviations: # selected only in aggressive DAVF; SRS, stereotactic radiosurgery; Hypo-HT, hypofractionated helical TomoTherapy; ICH, intracranial haemorrhage.
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