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ABSTRACT

Background Compared with dural arteriovenous fistulas
(DAVFs) in adult, paediatric DAVFs are notable for distinct
clinical manifestations, low cure rate and poor prognosis.
However, due to the limitations of small sample sizes, the
long-term prognosis and follow-up data have not been
described.

Methods Clinical data from 43 consecutive paediatric
DAVFs were documented and analysed between 2002 and
2022 at the author’s institution. They were divided into
infantile (Lasjaunias classification) and non-infantile (adult
type and dural sinus malformation (DSM)) type DAVFs
based on prognosis differences.

Results Their mean age at first symptoms was 8.4+6.0
years. 29 boys and 14 girls presented between at birth
and 18 years of age. 5 of 10 patients <1 year of age
presented with asymptomatic cardiomegaly compared
with 5/33 patients >1 year of age (p=0.022). 42 (88.4%)
patients received endovascular treatment alone, while
9.3% underwent radiosurgery, burr hole embolisation

or surgery. 28 (65.1%) patients experienced DAVF
obliteration by the end of treatment. Among them, 26 cases
underwent embolisation alone, one case had embolisation
in conjunction with surgery, and one case underwent

burr hole embolisation. The overall complication rate
among patients was 9.3%, all resulting from endovascular
treatment. According to the Lasjaunias Classification, there
were 18 cases of adult type, 17 cases of infantile type and
8 cases of DSM. Compared with non-infantile-type DAVFs,
infantile-type DAVFs showed more times of treatment,
lower cure rate and worse prognosis (p<0.001, 0.003 and
0.021, respectively). The average follow-up duration was
41.4+36.2 months (3—228 months). 8 (22.9%) patients
died.

Conclusions Most adult-type DAVFs and DSMs can

now be effectively treated with embolisation, resulting

in good outcomes and prognosis. However, there are

still challenges in treating infantile-type DAVFs, and the
prognosis is frequently poor.

INTRODUCTION

Intracranial dural arteriovenous fistulas
(DAVFs) are abnormal shunts between the
dural arteries or pial arteries and dural venous
sinus or cortical veins. They account for
approximately 10%-15% of all intracranial

, Zihao Song, Ming Ye, Hongqi Zhang © ,

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Paediatric dural arteriovenous fistulas (DAVFs) are
notable for their rarity, distinct clinical manifesta-
tions (congestive heart failure, facial vein promi-
nence, hydrocephalus, macrocrania, developmental
delay), low cure rate and poor prognosis in some
case series or reports.

= The usual descriptions and adult classifications of
DAVFs (Cognard and Borden classification) are not
practically applicable. Lasjaunias classified them
according to angioarchitecture and natural course:
infantile type/multifocal DAVFs, adult-type DAVFs
and dural sinus malformations (DSMs).

= The success rate of treatment and clinical outcomes
of infantile-type DAVFs are not satisfactory.

WHAT THIS STUDY ADDS

= This is the largest single-center study on the topic of
paediatric DAVFs with detailed information.

= Adult-type DAVFs and DMSs can be treated success-
fully with current techniques, but treating infantile-
type DAVFs remains difficult.

= The long-term follow-up results indicate that
infantile-type DAVFs has a poorer prognosis. It is
extremely necessary to closely monitor them in the
long term.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Most adult-type DAVFs and DSMs can now be ef-
fectively treated with embolisation, resulting in good
outcomes and prognosis. However, there are still
challenges in treating infantile-type DAVFs, and the
prognosis is frequently poor. Improved comprehen-
sion regarding their pathogenesis, combined with
targeted antiangiogenic treatments, may have the
potential to enhance the outcome of these patients.

vascular malformations.! ? Paediatric DAVFs
are notable for their rarity, distinct clin-
ical manifestations, low cure rate and poor
prognosis.”™'* It accounts for approximately
10%-14% of all intracranial arteriovenous
shunts in children.® ® Distinct clinical mani-
festations mainly include congestive heart

104

Su X, et al. Stroke & Vascular Neurology 2025;10:¢003122. doi:10.1136/svn-2024-003122

BM) Group

"yBuAdoo Aq paloalold 1sanb Aq G20z ‘9 A\ UO W09 W uAS//:dny Wolj papeojumoq +20Z SUNne § Uo Z2TE00-7202-UAS/9STT 0T Se paysiignd 1si1) :[0INSN ISBA a)oNS


http://svn.bmj.com/
http://svn.bmj.com/
http://orcid.org/0009-0004-5324-2545
http://orcid.org/0000-0001-8136-1753
http://orcid.org/0000-0001-8740-6828
http://orcid.org/0000-0001-8344-101X
https://doi.org/10.1136/svn-2024-003122
https://doi.org/10.1136/svn-2024-003122
http://crossmark.crossref.org/dialog/?doi=10.1136/svn-2024-003122&domain=pdf&date_stamp=2025-02-24
http://svn.bmj.com/

failure, facial vein prominence, hydrocephalus, macro-
crania and developmental delay.”””® A 1996 study of 29
paediatric patients with DAVFs found a 31% mortality
rate, a favourable outcome in 45% of patients and an
unfavourable outcome in 24% of patients.” A recent
systematic literature review of paediatric intracranial
DAVFs including 61 studies with 69 individual patients
showed that only half of DAVFs were completely oblite-
rated.” Compared with adult DAVFs, paediatric DAVFs
are more fatal” ' Understanding paediatric DAVFs
comprehensively is crucial, but most of the prior research
has been based on case reports or small sample studies.
Here, we present 43 cases of paediatric DAVFs that were
treated at our centre over a span of 20 years, aiming to
raise awareness and understanding of this DAVF subtype.

METHODS

Study design

This was a retrospective study of 43 patients with paedi-
atric DAVFs (diagnosed as DAVFs at <19 years of age) who
were admitted to one hospital between 2002 and 2022.
The ethics committee of our hospital approved this study.
The study followed the Strengthening the Reporting of
Obser\{?tional Studies in Epidemiology (STROBE guide-
lines).

Data collection and definition
Patients' medical records, imaging reports and angi-
ographic data were maintained (table 1 and online

Table 1 A brief summary of the angioarchitecture of the
paediatric dural arteriovenous fistula

Variable Value

No. of patients 43

Male 29 (67.3%)

Age first symptoms (years, mean+SD) 8.4 (6.0)

Cognard type
Cognard type | 6 (14.0%)
Cognard type lla 5(11.6%)
Cognard type lIb 9 (20.9%)
Cognard type lla+b 15 (34.9%)
Cognard type I 4 (9.3%)
Cognard type IV 3 (7.0%)
Cognard type V 1(2.3%)

Borden type

Borden type | 11 (25.6%)
Borden type Il 24 (55.8%)
Borden type llI 8 (18.6%)

Lasjaunias type
Infantile type
Adult type
Dural sinus malformation

17 (39.5%)
18 (41.9%)
8 (18.6%)

supplemental table 1). Age, gender, clinical presentation,
angiographicfindings, treatmentmodalities, angiographic
and clinical outcomes and complications were reviewed.
Admission, outpatient visits and telephone follow-up
were all considered. Most patients were contacted by tele-
phone to check on their status after treatment. Cardio-
megaly was determined through a chest X-ray report.
Radiological follow-up included magnetic resonance
angiography (MRA) and digital subtraction angiography
(DSA). Persistent fetal venous structures included falcine
sinus and occipital sinus. Complete occlusion was defined
as the absence of visualisation of the sinus or shunted
cortical vein in the delayed venous phase on the comple-
tion angiogram. Subtotal occlusion was defined as more
than 90% of the lesions disappeared but not completely
occluded. Partial occlusion was defined as less than 90%
resolution of the lesion after treatment. We categorised
paediatric DAVFs based on the follow classifications: (1)
Cognard classification,' (2) Borden classification® and (3)
Lasjaunias classification: infantile type/multifocal DAVFs,
adult type and dural sinus malformation (DSM).*

Angiographic images were reviewed by three neuro-
surgeons (XS, YM and ZS). Three experienced neuro-
surgeons (M, HZ and PZ) independently verified the
angiographic characteristics, results of embolisation
and MRA and DSA follow-up imaging. If there were any
disagreements, a discussion would be held in order to
reach an agreement.

Treatment and outcomes

Patients with paediatric DAVFs were managed through
different approaches, including conservative treatment,
endovascular intervention, a combination of endovas-
cular and surgical intervention or a combination of endo-
vascular and gamma knife radiosurgery (table 2).

Two investigators (XS and YM) reviewed medical records
from each patient’s most recent clinical follow-up evalu-
ation or phone consultation to determine neurological
status and developmental disability; any disagreements
were resolved through additional review and consensus.
All patients were evaluated using the modified Rankin
Scale (mRS) score during the preoperative, postopera-
tive and follow-up periods. A good clinical outcome was
defined as a mRS score of 0-2. The duration of follow-up
was calculated from the last treatment to the final clinical,
imaging report, or telephone consultations.

Statistical analysis

Our cohort of patients was stratified by Lasjaunias clas-
sification due to the treatment difficulties and poor
prognosis of infantile DAVFs* 7 8 infantile type and
non-infantile type (adult type and DSM) (table 3 and
figure 1). Descriptive statistics were calculated using
Excel 2016 (Microsoft). SPSS for Windows (V.26.0; Inter-
national Business Machines Corporation) and GraphPad
Prism V.9.0 was used for statistical analysis. Variables are
expressed as the mean+SD, the median (P25, P75) or
the number of patients (percentage). The Kaplan-Meier
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Table 2 Treatment and results of paediatric dural
arteriovenous fistulas

Variable Value

No. of patients 43
Untreated 1(2.3%)
Treated 42 (97.7%)

Embolisation alone 38 (88.4%)

Burr hole embolisation 1(2.3%)

Embolisation+surgery 2 (4.7%)

Embolisation+radiosurgery 1(2.3%)
Median no. of treatment (range) 1(0-7)

Complete embolisation 28/42 (66.7%)
7/42 (16.7%)

7/42 (16.7%)

Subtotal embolisation
Partial embolisation
Follow-up duration*

Mean+SD 41.4+36.2 months

Median 16 months

Range 3-228 months
Median last mRS score (range)t 1 (0-6)

Good outcomes (last MRS score 24/35 (68.6%)

0-2)t
Deatht 8/35 (22.9)
Complications 4(9.3)

*Data available for 34/43 patients.
tData available for 35/43 patients.
mRS, modified Rankin Scale.

method was used to depict the probability of survival
rate, and the curves were compared using the log-rank
test. Pearson’s y” test (applying correction by continuity
if necessary) or Fisher’s exact test was used for categorical
variables and Wilcoxon rank-sum (Mann-Whitney) tests
were used to compare ordinal data to evaluate differences
in clinical variables and outcomes. Statistical significance
was assigned for p<0.05.

RESULTS

Patient baseline characteristics

Of the 43 patients included for analysis, 10 (23.3%)
presented the first related symptoms at <I year of age
and 33 presented at >1 year of age (median age 8.5
years, range at birth to 18.7 years). Five (11.6%) were
diagnosed as DAVFs at <1 year of age and 38 were diag-
nosed at >1 year of age (median age 10.6 years, range at
1.0 years—18.9 years). Their mean age at first symptoms
was 8.4+6.0 years. Twenty-nine (67.4%) boys presented
at a median age of 9.6 years and 14 girls presented at
a median age of 4 years. Ocular symptoms (proptosis,
chemosis, diplopia, visual deterioration and retro-orbital
pain) (17/43, 39.5%), headache (10/43, 23.3%), pulsa-
tile head mass/dilated facial veins (9/43, 20.9%), focal
neurological deficits (haemiparesis, aphasia and facial

3

droop) (7/43, 16.3%), seizures (7/43, 16.3%), develop-
mental delay (5/43, 11.6%), tinnitus (4/43, 9.3%), and
dizziness (4/43, 9.3%) were the main symptoms.

Congestive heart failure was not observed in any of
the 10 (23.3%) patients who had cardiomegaly, but one
had congenital heart disease (ventricular septal defect).
Among these cases, five (50%) were <1 year of age, six
(60%) belonged to the infantile type group and two
belonged to the DSM group. Five (11.6%) patients had
hydrocephalus or macrocephaly. Three (60%) of them
had at <1 year of age, two (40%) belonged to the infan-
tile type group and two (40%) belonged to the DSM
group. Seven (16.3%) patients presented with neuro-
logical deficits. Among them, two (28.6%) presented
at <1 year of age, four (57.1%) belonged to the infan-
tile type group and three belonged to the DSM group.
Seven (16.3%) had intracranial haemorrhage and none
of them presented at <1 year of age. Among them, three
(42.9%) belonged to the infantile type group and three
belonged to the adult type group. Five (11.6%) had devel-
opmental delay and three (60%) had at <1 year of age.
Among them, three (60%) belonged to the infantile type
group and two belonged to the DSM group. Comorbidi-
ties were presentin 11 (25.6%) of the patients, including
scalp, face and intracranial arteriovenous malformations
(five patients), lymphatic malformation (one patient),
head haemangiomas (two patients), venous malformation
(one patient), cerebellar tonsillar herniation and cere-
bral cavernous malformation (one patient) and neuro-
fibromatosis (one patient). Among them, three (27.3%)
had at <1 year of age, five (45.5%) belonged to the infan-
tile type group and five belonged to the adult type group.
Two (4.7%) patients had history of head trauma. Both of
them presented at >1 year of age and belonged to adult
type group. Significant differences in cardiomegaly were
observed between the patients <1 year old versus patients
>1 year old (5/10, 50% vs 5/33, 15.2%; p=0.022) but not
in other presentations (not shown in table). Significant
differences in pulsatile head mass were observed between
the infantile type versus non-infantile type (p=0.024) but
not in other presentations (table 3). The baseline charac-
teristics of the 43 patients are summarised in table 1 and
online supplemental table 1.

DAVF angioarchitecture

Multiple locations of DAVFs in a patient occurred in 30.3%
(10/33) of the patients >1 year old versus 10% (1/10) of
patients <1 year old (p=0.381). Common DAVF locations
included the transverse-sigmoid sinus (n=18), convexity/
superior sagittal sinus (n=11), torcular (n=7), cavernous
sinus (n=b), tentorial (n=4), middle cranial fossa (n=2),
anterior cranial fossa (n=1) and other location (n=10)
(occipital sinus, intraorbital, jugular foramen/hypo-
glossal canal). Three of them were isolated sinus DAVFs.
Some specific locations of paediatric DAVFs have been
reported in previously published articles.'®"® Both age
groups had similar percentages of patients with venous
ectasia, venous reflux, venous sinus thrombus/occlusion
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Table 3 Population, fistula angioarchitecture and treatments of paediatric DAVF stratified by Lasjaunias type

Variables Total (n=43) Infantile type (n=17) Non-infantile type (n=26) P value*
Age at first symptoms 8.4+6.0 8.9+5.6 8.1+6.2

Males (%) 29 (67.4%) 10 (58.8%) 19 (73.1%) 0.329
Headache 10 (23.3%) 5(29.4%) 5(19.2%) 0.440
Ocular symptoms 17 (39.5%) (23.5%) 13 (50%) 0.157
Pulsatile head mass 9 (20.9%) 7 (41.2%) 2 (7.7%) 0.0241
Seizures 7 (16.3%) 3 (17.6%) 4 (15.4%) 1.000
Focal neurological deficit 7 (16.3%) 4 (23.5%) 3 (11.5%) 0.536
Haemorrhage 7 (16.3%) 3 (17.6%) 4 (15.4%) 1.000
Cardiomegaly 10 (23.3%) 6 (35.3%) 4 (15.4%) 0.254
Developmental delay 5(11.6%) 3 (17.6%) 2 (7.7%) 0.611
Hydrocephalus 4 (9.3%) 1 (5.9%) 3 (11.5%) 0.930
Trauma 2 (4.7%) 0 2 (7.7%) 0.511¢t
High grade DAVFs 32 (74.4%) 15 (88.2%) 17 (65.4%) 0.186
Comorbidity 2 (27.9%) 5 (29.4%) 7 (26.9%) 0.859
Multifocal lesions 1 (25.6%) 10 (58.8%) 13.8%) <0.0019
Venous ectasia\varix 28 (65.1%) 11 (64.7%) 17 (65.4%) 0.964
Venous reflux 32 (74.4%) 15 (88.2%) 17 (65.4%) 0.186
Venous sinus thrombus/occlusion 26 (60.5%) 10 (58.8%) 6 (61.5%) 0.859
Venous sinus dilation 19 (44.2%) 8 (47.1%) 1 (42.3%) 0.759
Persistent fetal venous structures 8 (18.6%) 5(29.4%) (11 .5%) 0.284
Median no. of treatment (range) 1(0-7) 3(1-7) 1(0-3) <0.00119|
Complications 4 (9.3%) 2 (11.8%) 2 (7.7%) 1.000
Complete occlusion 28 (65.1%) 6 (35.3%) 22 (84.6%) 0.003]
Death§ 8/35 (22.9%) 6/14 (42.9%) 2/21 (9.5%) 0.059
Median last mRS score (range)§ 1 (0-6) 3.5 (0-6) 1 (0-6) 0.00419]
Good outcomes (last mRS score 0-2)§ 24/35 (68.6%) 6/14 (42.9%) 18/21 (85.7%) 0.0219]

*P values are derived from Pearson’s % test (applying correction by continuity if necessary) unless otherwise specified.

tFisher’s exact test.

FWilcoxon log rank-sum (Mann-Whitney) test.

§Data available for 35/43 patients.

{Bold values represent statistical significance.

DAVFs, dural arteriovenous fistulas; mRS, modified Rankin Scale.

and venous sinus dilation (not shown in table). There
were no significant differences in venous ectasia, venous
reflux, venous sinus thrombus/occlusion and venous
sinus dilation between infantile type and non-infantile

—= Infantile type 3100
+ Adulttype o
~ DSM

60

~ Infantile type
—— Non-infantile type
Log-rank P=0.0127
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Figure 1 Kaplan-Meier curves demonstrating probability of
survival rates for all patients as the follow-up time in months.
Kaplan-Meier curves (log-rank test) illustrating probability

of survival rates of paediatric DAVFs in non-infantile-type
DAVFs were higher than infantile-type DAVFs. DAVFs, dural
arteriovenous fistulas; DSM, dural sinus malformation.

type (table 3). Detailed informations about the angioar-
chitecture can be found in table 1, online supplemental
table 1 and table 3.

Treatment and outcomes

Forty-two patients received between 1 and 7 endovascular,
radiosurgical or surgery procedures with a median of two
interventions. A paediatric patient received conservative
treatment after multiple failed attempts at femoral artery
puncture resulted in femoral artery dissection. About
88.4% of our patients received endovascular treatment
only. In terms of the number of treatments, no significant
difference was found between different age groups (not
shown in table). However, a significant difference was
found between the infantile type and non-infantile type
(p<0.001; table 3). All patients who were treated received
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embolisation treatment. The treatment material mainly
included: coils, 13/42 patients (40%); Glubran/nBCA,
22/42 patients (52.4%); Onyx, 36/42 patients (85.7%);
balloons, 14/42 patients (33.3%). Two (4.7%) patients
underwent craniotomy and resection following embo-
lisation. One (2.3%) patient underwent embolisation
following burr hole access for transverse sinus and one
patient underwent stereotactic radiosurgery following
embolisation.

Complete embolisation was achieved in 28 (66.7%) of
42 patients who received treatment. Among them, 26 cases
underwent embolisation alone (92.8%), 1 case had embo-
lisation in conjunction with craniotomy (3.6%) and 1 case
underwent burr hole embolisation (3.6%). Unfavourable
clinical outcomes occurred in 57.1% (8/14) of infantile-
type DAVFs, 16.7% (1/6) of DSM with DAVFs and 13.3%
(2/15) of adult-type DAVFs. The complete occlusion rate
was 35.3% (6/17), 75% (6/8), 88.9% (16/18) in infan-
tile, DSM and adult-type DAVFs, respectively. There was
no significant difference between the patients <I year old
and patients >1 year old (7/10, 70% vs 21/33, 63.6%).
However, a significant difference was found between the
infantile type and non-infantile type in complete occlu-
sion rate (p=0.003; table 3).

Outof the 43 patients, 4 (9.3%) experienced procedural
complications, all resulting from endovascular treatment.
These complications occurred in patients who were in 2.0
years, 9.0 years, 9.5 years and 9.9 years old. Complications
observed during the procedure involved femoral artery
dissection and arterial infarction. The underlying cause
was identified as the penetration of embolic agents across
external-internal anastomoses into the cerebral paren-
chymal circulation. There was no significant difference
in complication rate between patients <1 year old and
patients >1 year old, infantile type and non-infantile type.

Follow-up

The average follow-up duration was 41.4+36.2months,
with a median of 16 months and a range of 3 months to
228 months. Twenty (46.5%) of 43 patients demonstrated
imaging elimination of DAVF at last imaging follow-up
(16 with DSA and 4 with MRA).

After the last treatment, 8 (18.6%) patients were lost
to follow-up. The median mRS score at last follow-up
for patients (35/43) was 1. Good clinical outcome (mRS
score of 0-2 at last clinical follow-up) was documented in
6/8 patients <I year old at presentation as compared with
18/27 patients >1 year old (p=1.000). However, a signifi-
cant difference was found between the infantile type and
non-infantile type in good clinical outcomes (p=0.021;
table 3). At last follow-up, 8/35 (22.9%) patients died.
One patient died within lweek of treatment due to
an arterial infarction, and one died 1 year later due to
multiple organ failure. Fourpatients died as a result of
intracranial haemorrhage after partial and subtotal
embolisation. Two patients died for unknown reasons 3
and 16 years after the complete embolisation. There was
no significant difference in death rates between patients

Figure 2 A paediatric patient in age range of 10 presented
with headache, bilateral impaired vision and papilledema.
(A-C) The sigmoid sinus and transverse sinus were
occluded (venous sinus thrombosis) on the right side and
the superficial cerebral vein (A and B, black arrow heads)
was mainly involved in venous drainage. On the left side, the
sigmoid sinus and transverse sinus were patent (C). Note the
marked venous congestion (B). (D-F) Right external carotid
artery and vertebral artery angiograms revealed a right
Cognard lll/Borden lll/adult type isolated transverse sinus (E
and F, white arrow heads) dural arteriovenous fistula mainly
supplied by right posterior branch and petrosal branch of
the middle meningeal artery, right transosseous branches of
the left occipital artery, the right posterior meningeal artery
and posterior cerebral artery with cortical veins drainage.

(G) Complete embolisation was achieved via the posterior
meningeal artery and posterior cerebral artery using Glubran,
the middle meningeal artery using Onyx. (H) No recurrence
was observed 3 months after complete embolisation. There
has been a slight improvement in vision compared with
before, and modified Rankin Scale score was 1.

<1l year old and patients >1 year old, but the infantile type
group had a higher death rates than the non-infantile
type group, though this difference was not significant
(p=0.059; table 3). The Kaplan-Meier curves (log-rank
test) illustrating the probabilities of survival of paediatric
DAVFs in the non-infantile type group were higher than
in the infantile type group (figure 1). Detailed informa-
tions about the treatment and follow-up can be found in
tables 2 and 3.

DISCUSSION

Patient characteristics

In our study, most of the paediatric patients did not
present with cardiorespiratory symptoms. However,
asymptomatic cardiomegaly was found in 23.3% of the
patients, with patients <1 year old being more likely
to present (p=0.022).* ' * Other symptoms, such as
hydrocephalus and focal neurological deficits, were not
observed to have significant age-related differences,
unlike in other studies. Our results were similar to those
in other major series with the most common DAVF loca-
tion being the transverse/sigmoid sinus, torcular, supe-
rior sagittal sinus and cavernous sinus.’ > ® Other rare
DAVF subtypes observed in our study included anterior
cranial fossa DAVFs, isolated sinus DAVFs (figure 2) and
intraorbital AVFs. In theory, DAVFs near the torcular may
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have a worse prognosis due to involvement of the internal
cerebral vein. In our study, 50% of torcular DAVFs had a
poor prognosis, compared with 43% in Hett et al’s study.*

Treatment outcomes and prognosis

Intracranial DAVFs observed in children have distinct
clinical presentations, angioarchitecture and clinical
outcomes. The usual descriptions and adult classifica-
tions of DAVFs are not practically applicable.' * According
to a recent systematic review on paediatric DAVFs, 43.8%
of the DAVFs were completely eliminated in 64 patients,
with a complication rate of 29.7%.” Walcott et al reported
85.7% complete obliteration rate in seven patients, with
good outcomes in all, but all of them were DSM and adult-
type DAVFs."” Kincaid et al reported DAVF elimination
in three/sevenpatients (43%), neurological deficit or
developmental delay in three/seven patients (43%) and
death in two/seven patients (29%).” Zaidi et al reported
11 paediatric DAVFs with 81.8% (9/11) complete oblite-
ration rate and 18.2% (2/11) complication rate.?! Hetts et
aldescribed 21 children treated with 38% complete oblit-
eration rate, 70% good outcomes, 19% complications
and 27% death rate." Unfavourable evolution occurred
in 50% of DSM and in 83.3% of infantile-type DAVFs.
Except for one adult-type DAVFs who died from an unre-
lated leukaemia, all patients had favourable outcomes.
Smajda et al reported 28 paediatric DAVFs in which
endovascular treatment cured 68.2% of patients with
DAVF with a clinical complication rate of 18.2% and a
mortality rate of 13.6%.” Unfavourable clinical outcomes
occurred in 66.7% of infantile-type DAVFs, 26.7% of DSM
with DAVFs and 0% of adult-type DAVFs. The complete
occlusion rate was 0%, 73.3% and 100% in infantile, DSM
and adult-type DAVFs, respectively. In our study, 42 paedi-
atric patients received treatment. Complete occlusion
was achieved in 66.7% of the fistulas with 9.3% compli-
cation rate and 22.9% death rate. The complete occlu-
sion rate was 35.3% (6/17), 75% (6/8),88.9% (16/18) in
infantile, DSM and adult-type DAVFs, respectively. Unfa-
vourable clinical outcomes occurred in 57.1% (8/14) of
infantile-type DAVFs, 16.7% (1/6) of DSM with DAVFs
and 13.3% (2/15) of adult-type DAVFs. In comparison to
DAVFs in adult,”” * paediatric DAVFs exhibited a signifi-
cantly lower rate of complete occlusion, a higher rate of
complications and a higher rate of mortality. Infantile
DAVFs, in particular, had more treatment procedures,
lower cure rates and a worse prognosis (table 3; figure 1).
This was consistent with previous research ﬁndings.478 In
our cases, patients died more than 10 years after complete
embolisation. As a result, even in patients who have had
positive outcomes, long-term follow-up is required

Adult-type DAVFs

Adult-type DAVFs are found in all age groups, and
almost all of these shunts are anatomically located at the
cavernous venous plexus.® Isolated sinus DAVFs (primarily
caused by thrombus) in the superior sagittal sinus and
sigmoid/transverse sinus can also be classified as this

Figure 3 An infant presented with vomiting and seizure
also diagnosed with congenital heart disease (ventricular
septal defect). (A, B) Sagittal T1-weighted MRI (A) and

axial T2-weighted MRI revealed a massive torcular

herophili. (C-E) Common carotid artery and vertebral artery
angiograms revealed a midline Cognard lla+b/Borden Il dural
arteriovenous fistula with dural sinus malformation mainly
supplied by bilateral occipital artery and dural branches of
the left posterior inferior cerebellar artery. Note that both
transverse sinuses have poor drainage, and the draining
veins primarily involved the straight sinus-internal cerebral
vein and the superior sagittal sinus-cortical veins. (F)
Complete embolisation was achieved via the posterior inferior
cerebellar artery using coils and Onyx. (G, H) There was

no recurrence 21 months after complete embolization. He
was asymptomatic, and no developmental delays had been
found.

type (figure 2).*'® Cure rate is high and postembolisation
outcome is excellent.*”*” Adult-type DAVFs are believed
caused by trauma, thrombus and previous surgery, and so
on.® ' In our study, 18 patients presented with adult-type
DAVFs; 1 died as a result of an arterial infarction caused
by embolic agent penetration across external-internal
anastomoses into the cerebral parenchymal circulation,
and 1 died for unknown reasons 16 years after complete
embolisation.

Dural sinus malformation

DSMs with DAVFs can be divided into two subtype58: (1)
DSM with giant dural lakes and slow flow mural arteri-
ovenous shunting involves the posterior sinuses with or
without torcular. Restricted outlets can often be seen due
to thrombosis, occlusion or hypogenesis of the jugular
bulb and sigmoid/transverse sinus (figure 3). (2) DSM
involves the jugular bulb with otherwise normal sinuses but
associated with a high-flow sigmoid sinus DAVF. The prog-
nosis is also excellent with embolisation treatment.*”®10%*
DSMs are abnormalities resulting from disruptions in the
embryological formation of the dural sinuses.'’ Yang et
al®*® postulated that owing to the low level of flow, intra-
uterine spontaneous thrombosis of the shunts occurs with
the persistence of a certain degree of ballooning of the
sinus. The dural sinus thrombosis may play a role in DAVF
formation.”” In our study, eightpatients presented with
DSM. There were no deaths among the patients who were
followed up on (sixpatients), but one patient was still
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Figure 4 A paediatric patient in the age range of 10
presented with haemiplegia and seizure. (A—-C) External

and internal carotid artery angiograms revealed high-grade
infantile type/multifocal (transverse sinus, anterior cranial
fossa) dural arteriovenous fistulas mainly supplied by
multiple dural and pial branches from the occipital artery,
ophthalmic artery, meningohypophyseal trunk and middle
cerebral artery, and so on. Due to bilateral transverse sinus
obstruction, venous drainage primarily involved the straight
sinus, the superior sagittal sinus and internal cerebral

vein. (D, E) The blood flow in the arteriovenous fistula has
significantly decreased after four treatment sessions, but new
blood vessels continue to appear during each angiography
examination and embolisation. The anatomic cure of the
fistula was difficult to achieve, and the patient eventually
decided to undergo regular follow-up. Unfortunately, the
patient died 8 years after the last partial embolisation due to
intracranial haemorrhage.

haemiplegic and mentally retarded 13 years after subtotal
occlusion of the fistula due to hydrocephalus (mRS=3).

Infantile-type DAVFs

Infantile type/multifocal DAVFs are of high flow and low
pressure type.”® ' The sinuses are large, with no lakes
and patent for a long time. They are thought to arise
from widespread uncontrolled angiogenic processes,
but the exact cause remains unknown.”® The success
rate of treatment and clinical outcomes are not satis-
factory.! ** 1 In some cases, it is difficult to achieve
immediate cure of infantile-type DAVFs, and multifo-
cality leads to recurrences with new dural or pial arteri-
ovenous shunts opening near the previously embolised
ones. The inability to achieve complete anatomical cure
results in a high recurrence rate. Current embolisation
techniques cannot treat complex multifocal dural shunts
immediately because complete occlusion of all involved
sinuses would result in severe venous outflow restriction.”
We agree that partial embolisation to control symptoms
and step-by-step treatment with preservation of normal
venous drainage and reduction of cortical vein reflux
are the best options (figure 4).° 7 Grillner et al reported a
case of multiple dural fistulas with large superior sagittal
sinus.” Several cutaneous capillary malformations were
observed on the child’s extremities, and DNA analysis of

3

the patient and father revealed a mutation in exon 21
of the RASAI gene (c.2707C>T), which had previously
been described as causing capillary malformation—arte-
riovenous malformation syndrome. Improved compre-
hension regarding their pathogenesis, combined with
targeted antiangiogenic treatments, may have the poten-
tial to enhance the outcome of these patients. In our
study, 17patients presented with infantile-type DAVFs.
Out of the 14 patients who were followed up, 6 patients
died. They died at different time points after the last
treatment: half a year, 1 year, 2 years, 2 years, 3 years and
8 years. The majority of them died from sudden intracra-
nial haemorrhage with partial embolisation of the fistulas,
while one patient died from multiple organ failure.

Similar to other large sample studies, paediatric intra-
cranial DAVFs in our study had low rates of complete
occlusion, poor outcomes and high rates of death,
particularly in infantile-type DAVFs. DSM and adult-type
DAVFs can now be easily cured by embolisation. However,
treating infantile-type DAVFs is still difficult.

Study limitations

This study has some limitations because it is a single-
centre, retrospective study. Self-report bias and the lack of
core laboratory adjudication are two of these limitations.
Compared with other studies, the incidence of hydro-
cephalus and macrocephaly in our study is much lower.
We believe this is related to the generally older age of our
patients.” ” Hydrocephalus and macrocephaly primarily
occur in neonates and within the first year after birth.*
The presentation of hydrocephalus differs significantly
between those under 1 year old and those over 1 year
old, with the above-mentioned symptoms being more
prevalent in patients under 1 year old. In our study, only
10 patients presented relevant symptoms under 1 year of
age, with 5patients diagnosed with DAVF under 1 year
old. Therefore, I believe this is the main reason why the
proportion of hydrocephalus and macrocephaly was lower
compared with other studies. The relatively small sample
size of the paediatric DAVFs population in our series was
also one of the main limitations due to the rarity, despite
the fact that it is the largest single-centre study to our
knowledge. Furthermore, due to the study’s time span,
not all patients were followed up on, which may have
misjudged the final complete occlusion and survival rate.
Finally, because our hospital is a tertiary referral medical
centre for cerebral vascular disorders, the condition is
more severe and complex due to referring bias.

CONCLUSION

Paediatric DAVFs are notable for their rarity, distinct clin-
ical manifestations, low cure rate and poor prognosis.
Most adult-type DAVFs and DSMs can now be effectively
treated with embolisation, resulting in good outcomes
and prognosis. However, there are still challenges in
treating infantile-type DAVFs, and the prognosis is
frequently poor. As a result, better understanding of their
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pathogenesis, combined with targeted antiangiogenic
treatments, has the potential to improve these patients'
outcomes.

Contributors Conception and design: XS, YM, ZS, PZ. Acquisition of data: XS,

ZS. Drafting the article: XS. Critically revising the article: YM, MY, PZ, HZ. All of the
authors have read and approved the final manuscript. Gaurantor of overall content:
MY, PZ, HZ.

Funding This study was funded by the National Natural Science Foundation of
China (N0.82101460).

Competing interests None declared.

Patient consent for publication Consent obtained from parent(s)/guardian(s).
Provenance and peer review Not commissioned; externally peer reviewed.
Data availability statement Data are available upon reasonable request.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs

Xin Su http://orcid.org/0009-0004-5324-2545
Yongjie Ma http://orcid.org/0000-0001-8136-1753
Hongaqi Zhang http://orcid.org/0000-0001-8740-6828
Peng Zhang http://orcid.org/0000-0001-8344-101X

REFERENCES

1 Cognard C, Gobin YP, Pierot L, et al. Cerebral dural arteriovenous
fistulas: clinical and angiographic correlation with a revised
classification of venous drainage. Radiology 1995;194:671-80.

2 Borden JA, Wu JK, Shucart WA. A proposed classification for
spinal and cranial dural arteriovenous fistulous malformations and
implications for treatment. J Neurosurg 1995;82:166-79.

3 Maleknia PD, Hale AT, Savage C, et al. Characteristics and outcomes
of pediatric dural arteriovenous fistulas: a systematic review. Childs
Nerv Syst 2024;40:197-204.

4 Hetts SW, Moftakhar P, Maluste N, et al. Pediatric intracranial dural
arteriovenous fistulas: age-related differences in clinical features,
angioarchitecture, and treatment outcomes. J Neurosurg Pediatr
2016;18:602-10.

5 Kincaid PK, Duckwiler GR, Gobin YP, et al. Dural arteriovenous fistula
in children: endovascular treatment and outcomes in seven cases.
AJNR Am J Neuroradiol 2001;22:1217-25.

6 Garcia-Monaco R, Rodesch G, Terbrugge K, et al. Multifocal dural
arteriovenous shunts in children. Childs Nerv Syst 1991;7:425-31.

7 Smajda SJ, Séderman M, Dorfmlller G, et al. Paediatric intracranial
dural arteriovenous shunts: types, clinical presentation and
therapeutic management. Brain Commun 2022;4:fcac043.

8

20

21

22

23

24

25

26

27

28

29

Lasjaunias P, Magufis G, Goulao A, et al. Anatomoclinical aspects

of dural arteriovenous shunts in children. Review of 29 cases. Interv
Neuroradiol 1996;2:179-91.

Morita A, Meyer FB, Nichols DA, et al. Childhood dural arteriovenous
fistulae of the posterior dural sinuses: three case reports and
literature review. Neurosurgery 1995;37:1193-9.

Walcott BP, Smith ER, Scott RM, et al. Dural arteriovenous fistulae in
pediatric patients: associated conditions and treatment outcomes. J
Neurointerv Surg 2013;5:6-9.

Lv X, Jiang C, Wang J. Pediatric intracranial arteriovenous shunts:
advances in diagnosis and treatment. Eur J Paediatr Neurol
2020;25:29-39.

Guo L, Liu T, Lv X. Endovascular embolization of dural arteriovenous
fistula in a child presented with slight Conjunctival hyperemia. Childs
Nerv Syst 2019;35:2435-7.

Terada A, Komiyama M, Ishiguro T, et al. Nationwide survey of
pediatric intracranial arteriovenous shunts in Japan: Japanese
pediatric Arteriovenous shunts study (JPAS). J Neurosurg Pediatr
2018;22:550-8.

Sadeh-Gonike U, Magand N, Armoiry X, et al. Transarterial onyx
embolization of intracranial dural Fistulas: a prospective cohort.
Neurosurgery 2018;82:854-63.

Elm E von, Altman DG, Egger M, et al. Strengthening the reporting
of observational studies in epidemiology (STROBE) statement:
guidelines for reporting observational studies. BMJ 2007;335:806-8.
Su X, Song Z, Chen Y, et al. Intraorbital arteriovenous fistulas: case
series and systematic review. Oper Neurosurg (Hagerstown) 2024.
Su X, Song Z, Tu T, et al. Middle cranial Fossa non-cavernous sinus
dural arteriovenous fistulas: 20 years of experience. Neurosurg Rev
2024;47:46.

Su X, Song Z, Tu T, et al. n.d. Isolated sinus dural Arteriovenous
Fistulas: a single-center experience in 44 patients. Acta
Neurochirurgical166.

Albright AL, Latchaw RE, Price RA. Posterior dural arteriovenous
malformations in infancy. Neurosurgery 1983;13:129-35.

Tsugane R, Sato O, Watabe T. Non-communicating hydrocephalus
caused by dural arteriovenous malformation. Surg Neurol
1979;12:393-6.

Zaidi HA, Kalani MYS, Spetzler RF, et al. Multimodal treatment
strategies for complex pediatric cerebral arteriovenous fistulas:
contemporary case series at barrow neurological Institute. J
Neurosurg Pediatr 2015;15:615-24.

Rabinov JD, Yoo AJ, Ogilvy CS, et al. ONYX versus N-BCA for
embolization of cranial dural arteriovenous fistulas. J Neurointerv
Surg 2013;5:306-10.

Baharvahdat H, Ooi YC, Kim WJ, et al. Updates in the management
of cranial dural arteriovenous fistula. Stroke Vasc Neurol
2020;5:50-8.

Ye Z, Hao J, Zhang L, et al. Development of bilateral subdural
Hematoma after endovascular embolization of a dural sinus
malformation. Childs Nerv Syst 2022;38:211-5.

Yang E, Storey A, Olson HE, et al. Imaging features and prognostic
factors in fetal and postnatal torcular dural sinus malformations, part
I: review of experience at Boston children’s hospital. J Neurointerv
Surg 2018;10:467-70.

Yang E, Storey A, Olson HE, et al. Imaging features and prognostic
factors in fetal and postnatal torcular dural sinus malformations, part
II: synthesis of the literature and patient management. J Neurointerv
Surg 2018;10:471-5.

Herman JM, Spetzler RF, Bederson JB, et al. Genesis of a

dural arteriovenous malformation in a rat model. J Neurosurg
1995;83:539-45.

Roccatagliata L, Bracard S, Holmin S, et al. Pediatric intracranial
arteriovenous shunts: a global overview. Childs Nerv Syst
2013;29:907-19.

Grillner P, S6derman M, Holmin S, et al. A spectrum of intracranial
vascular high-flow arteriovenous shunts in RASA1 mutations. Childs
Nerv Syst 2016;32:709-15.

Su X, et al. Stroke & Vascular Neurology 2025;10:e003122. doi:10.1136/svn-2024-003122

111

yBLAdod Ag paroaloid 1sanb Aq GZOzZ ‘9 Ael UO /w0 fwiauAs//:dny woly papeojumoq +20Z SUNC § Uo Z2TE00-7202-UAS/OSTT 0T Se paysignd 1si1 :[0INSN ISeA a)oNS


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0009-0004-5324-2545
http://orcid.org/0000-0001-8136-1753
http://orcid.org/0000-0001-8740-6828
http://orcid.org/0000-0001-8344-101X
http://dx.doi.org/10.1148/radiology.194.3.7862961
http://dx.doi.org/10.3171/jns.1995.82.2.0166
http://dx.doi.org/10.1007/s00381-023-06156-z
http://dx.doi.org/10.1007/s00381-023-06156-z
http://dx.doi.org/10.3171/2016.5.PEDS15740
https://pubmed.ncbi.nlm.nih.gov/11415924
http://dx.doi.org/10.1007/BF00263183
http://dx.doi.org/10.1093/braincomms/fcac043
http://dx.doi.org/10.1177/159101999600200303
http://dx.doi.org/10.1177/159101999600200303
http://dx.doi.org/10.1227/00006123-199512000-00020
http://dx.doi.org/10.1136/neurintsurg-2011-010169
http://dx.doi.org/10.1136/neurintsurg-2011-010169
http://dx.doi.org/10.1016/j.ejpn.2019.12.025
http://dx.doi.org/10.1007/s00381-019-04397-5
http://dx.doi.org/10.1007/s00381-019-04397-5
http://dx.doi.org/10.3171/2018.5.PEDS18123
http://dx.doi.org/10.1093/neuros/nyx309
http://dx.doi.org/10.1136/bmj.39335.541782.AD
http://dx.doi.org/10.1227/ons.0000000000001055
http://dx.doi.org/10.1007/s10143-023-02274-z
http://dx.doi.org/10.1007/s00701-024-06000-6
http://dx.doi.org/10.1007/s00701-024-06000-6
http://dx.doi.org/10.1227/00006123-198308000-00004
https://pubmed.ncbi.nlm.nih.gov/316203
http://dx.doi.org/10.3171/2014.11.PEDS14468
http://dx.doi.org/10.3171/2014.11.PEDS14468
http://dx.doi.org/10.1136/neurintsurg-2011-010237
http://dx.doi.org/10.1136/neurintsurg-2011-010237
http://dx.doi.org/10.1136/svn-2019-000269
http://dx.doi.org/10.1007/s00381-021-05161-4
http://dx.doi.org/10.1136/neurintsurg-2017-013344
http://dx.doi.org/10.1136/neurintsurg-2017-013344
http://dx.doi.org/10.1136/neurintsurg-2017-013343
http://dx.doi.org/10.1136/neurintsurg-2017-013343
http://dx.doi.org/10.3171/jns.1995.83.3.0539
http://dx.doi.org/10.1007/s00381-013-2114-8
http://dx.doi.org/10.1007/s00381-015-2940-y
http://dx.doi.org/10.1007/s00381-015-2940-y
http://svn.bmj.com/

	Paediatric intracranial dural arteriovenous fistulas: clinical characteristics, treatment outcomes and prognosis
	Abstract
	Introduction﻿﻿
	Methods
	Study design
	Data collection and definition
	Treatment and outcomes
	Statistical analysis

	Results
	Patient baseline characteristics
	DAVF angioarchitecture
	Treatment and outcomes
	Follow-up

	Discussion
	Patient characteristics
	Treatment outcomes and prognosis
	Adult-type DAVFs
	﻿Dural sinus malformation﻿
	Infantile-type DAVFs
	Study limitations

	Conclusion
	References


