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Pediatric Intracranial Nongalenic Pial
Arteriovenous Fistulas: Clinical Features,
Angioarchitecture, and Outcomes

BACKGROUND AND PURPOSE: NGAVFs are rare vascular malformations usually presenting in infancy or
childhood. We sought to identify clinical and angiographic predictors of clinical outcome for these
lesions.

MATERIALS AND METHODS: Retrospective review of a neurointerventional data base identified 386
pediatric patients with intracranial AVFs and AVMs, from which a cohort of 25 patients with NGAVF
were selected for medical record and imaging analysis.

RESULTS: NGAVFs constituted 7.3% of pediatric intracranial vascular lesions with a nondural arterio-
venous shunt. Seven of 8 patients who presented in the first month of life had CHF and harbored large,
complex fistulas with multiple sites of arteriovenous shunting. Single-hole fistulas predominated later
in childhood and more frequently presented with seizures, hemorrhage, or focal neurologic deficits.
More treatment procedures were performed in subjects presenting at =2 years of age compared with
older children (median = 3 versus 2, P = .041), and in those harboring a multi-hole fistula versus those
with a single-hole fistula (median = 3 versus 2, P = .003). Eighteen patients (72%) had complete
posttreatment elimination of NGAVF shunting. Compared with patients presenting at >2 years of age,
patients presenting in the first 2 years of life were more likely to have a multi-hole fistula (100% versus
25%, P = .0001) and to have a poor clinical outcome (64% versus 0%, P = .0052), defined as a
pediatric mRS of =3.

CONCLUSIONS: The morbidity of NGAVF appears higher than previously reported despite a somewhat
higher rate of angiographic cure. Poor clinical outcome occurred primarily in patients with multi-hole

NGAVFs presenting at =2 years of age.

ABBREVIATIONS: AVF = arteriovenous fistula; CHF = congestive heart failure; DAVF = dural
arteriovenous fistula; HHT = hereditary hemorrhagic telangiectasia syndrome; mRS = modified
Rankin Scale; n-BCA = n-butyl cyanocrylate; NGAVF = nongalenic arteriovenous fistula; VOGM =

vein of Galen malformation

GAVF—also known as intracranial pial AVF, cerebral
AVF, or brain AVF—is a rare vascular malformation.
Sometimes considered a subset of AVM, NGAVFs are distinct
in that 1 or more pial arteries feeds directly into a cortical vein
without the intervening nidus of a typical AVM."* Venous
drainage varies with the location of the fistula. An NGAVF is
distinguished from a DAVF by the location of the fistula site in
the subpial meningeal space, and from a VOGM by the lack of
direct involvement of the embryonic median prosencephalic
vein.?
The incidence and prevalence of NGAVFs are unknown. In
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previously published series of pediatric and adult subjects
from quaternary referral sites at University of California-San
Francisco and the Mayo Clinic (Rochester, Minnesota),
NGAVFs comprised 1.6% and 4.7% of AVMs, respectively.*
In a recent series of NGAVFs from the Hospital Bicetre (Le
Kremlin-Bicetre, Paris, France), 52 cases were identified from
a larger group of 620 pediatric brain AVMs (8.4%).>° A total
of 168 cases in children and adults has been reported since
1970.°'* Assuming that these centers have an enriched sample
of NGAVFs, and the population prevalence of brain AVM is
roughly 10/100,000,'” then the prevalence of NGAVFs can be
estimated to be 0.1/100,000 to 1/100,000.

NGAVFs usually become symptomatic in childhood. The
most common presentation of NGAVF in neonates is CHF.
Infants may present with increased head circumference or fo-
cal neurologic deficits. Adolescents and adults more often
have headaches, seizures, and focal neurologic deficits."*>'®
The goal of treatment for an NGAVF is occlusion of the AVF
site or of the feeding arteries and proximal draining vein as
close to the fistula as possible. Prognosis is considered to be
poorer with conservative management, and treatment is usu-
ally attempted unless significant brain damage has already
occurred.>!"”

The purpose of this single-institution retrospective cohort
study was to compare the clinical presentation, angioarchitec-
ture, and treatment outcomes of children with NGAVFs pre-



Table 1: Presentation and fistula architecture stratified by fistula complexity

All Subjects Single-Hole Fistulas Multi-Hole Fistulas
n=25 n=29 n=16 P Value
Baseline clinical characteristics
Mean age = SD 42 +53y 845y 21 x46y .0065
Median age (range) 1.2y(1dayto16y) 7y(3-14y) 45 days (1 dayto 16y)
Male 56% 56% 56% 1.0
CHF 32% 0% 44% .027
Seizures 32% 44% 25% .39
Current or prior hemorrhage 16% 33% 6.3% A2
Focal neurological deficit 24% 11% 31% .36
Any comorbidity or risk factor 48% 22% 63% .097
Baseline angioarchitecture
>1 brain vascular lesion 32% 22% 38% .66
Feeding artery aneurysm(s) 8% 22% 0% 12
>1 arterial territory involved 52% 11% 75% .036
Any deep venous drainage 40% 22% 50% 23
>1 draining vein from any lesion 48% 44% 56% .69
Massive venous sinus dilation 23% 0% 31% 12
Any venous sinus dilation N% 13% 57% 074
Vein of Galen dilation 26% 0% 40% 12

senting in the first 2 years of life, in whom cardiovascular
symptoms are predominant, with those presenting later in
childhood (between 2 and 18 years of age), in whom neuro-
logic symptoms are predominant.

Materials and Methods

Subjects

In this institutional review board—approved study, a neurointerven-
tional radiology data base was used to identify a cohort of 386 patients
=18 years of age who had undergone evaluation and treatment for
intracranial arteriovenous shunt at University of California-San
Francisco between 1986 and 2011. Data were cross-checked with a
larger institutional brain AVM data base for cases between 2000 and
2011. Imaging reports and medical records of patients with diagnoses
of NGAVF, DAVF, VOGM, and AVM were reviewed. Twenty-eight
patients with an NGAVF were identified, including 7 who had been
included in other published reports (patients 3, 10, 11, 17, 19, 20, and
23 of the current series; On-line Table 1).'®%' Three patients were
excluded due to insufficient clinical and imaging data to confirm the
diagnosis of NGAVF.

Medical Record Review

Baseline variables were recorded for each subject (On-line Table 1).
Angioarchitectural characteristics identified from initial pretreat-
ment angiograms are noted in On-line Tables 2 and 3. Single-hole
fistulas were defined as 1 arteriovenous connection and multi-hole
fistulas defined as >1 AV connection. Dural venous sinus dilation was
defined as double the expected diameter of a given dural venous sinus,
based on angiograms of children of similar ages at our institution
without arteriovenous shunting. Treatment and outcome variables
are outlined in On-line Table 4.

Imaging Review

Preintervention diagnostic cerebral angiograms and accompanying
reports were available for 19 of 25 patients. These angiographic im-
ages were reviewed and scored according to a structured data collec-
tion sheet previously developed for brain AVMs*? and modified to
highlight features of NGAVFs. One additional patient was scored
from images acquired after a prior embolization. Two patients were

scored using images from their published case reports as well as an-
giography reports. If inconsistencies existed between angiographic
images and radiology reports, the images were reviewed and those
results were used for definitive scoring. Three patients were reviewed
using only structured angiography reports, which are of the same
format and authored by the same group of angiographers for the
entire study period. To explore the possibility of bias from inclusion
of the 3 patients scored from reports, we performed sensitivity anal-
ysis on the data excluding these patients. There were no significant
changes in effect sizes or significance levels (data not shown).

Treatment

Patients were treated by endovascular intervention, a combination of
endovascular and surgical intervention, radiosurgery, or observation.
Our institution’s overall approach to the management of patients
with NGAVFs is described below.

Outcomes Assessment

Medical records from each patient’s last clinical follow-up were as-
sessed by 3 investigators (S.H., K.K., ].D.E.) for neurologic or devel-
opmental disability; any initial disagreements were resolved by con-
sensus. A previously developed adaptation of the mRS of neurologic
disability for use in pediatric patients with brain AVMs?® was used for
retrospective classification of initial clinical function and ultimate
clinical outcome in all patients. For patients presenting at <1 year of
age, an initial mRS score was not assigned, as application of that scale
to such young patients is of limited value. Good clinical outcome was
defined as a pediatric mRS of 0-2. At the time of last follow-up,
records and images were assessed by 2 investigators (S.H., K.K.) for
evidence of residual arteriovenous shunting. Follow-up duration was
the time from clinical presentation to last clinical or imaging report.

Statistical Analysis

In a descriptive analysis, patients were stratified by sex as well as by age
of presentation: neonates, infants, and young children presenting at
=2 years of age compared with older children presenting at >2 years
of age. Patients were also stratified by fistula complexity: simple sin-
gle-hole AVFs versus complex multi-hole AVFs (Tables 1 and 2).
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Table 2: Treatments and outcomes stratified by fistula complexity

All Subjects Single-Hole Fistulas Multi-Hole Fistulas
n=25 n=19 n=16 P Value
Treatments
Mean age of first treatment = SD 49+65y 94 +73y 23+ 45y 021
Median age (range) of first treatment 1.7y(1dayto25y) 7y(3-25y) 0.62y(1dayto16y)
Median treatment procedures (range) 2(1-5) 2(1-2) 3(1-5) .003
Endovascular treatments only 60% 67% 56% .69
Any periprocedural complication 60% 22% 81% .009
Any symptomatic complication 32% 22% 38% .66
Outcomes at last follow-up
Mean follow-up duration * SD 3333y 4341y 27+26y 33
Median (range) follow-up duration 2y (1dayto13y) 4y(2daysto13y) 18y(1dayto7y)
Occlusion of all targeted arteriovenous shunts 72% 78% 69% 1.0
Elimination of all arteriovenous shunting 60% 78% 38% .097
White matter calcifications 25% 0% 35% .26
Normal neurologic examination 48% 100% 19% .0001
Median last mRS (range) 1(0-6) 0(0) 2(0-6) <.0001
Good outcome (last mRS 0-2) 72% 100% 56% 027
Table 3: Presentation and fistula angioarchitecture stratified by age of presentation and by patient gender
Age Gender
=2 Years Old at >2 Years 0ld at
All Subjects Presentation Presentation Males Females P
n=25 n=13 n=12 P Value n=14 n=1 Value
Baseline clinical characteristics
Mean age = SD 42 =53y 3652y 51 =57y 51
Median age (range) 1.2y (1 dayto 16y) 0.62y(1dayto14y) 3.0y (21 daysto 16)
Male 56% 62% 50% .70
CHF 32% 62% 0% .0016 43% 9.1% .09
Seizures 32% 23% 42% Ky 29% 36% 1.0
Current or prior hemorrhage 16% 7.7% 25% .32 7.1% 27% 29
Focal neurologic deficit 24% 31% 8.3% .32 21% 27% 1.0
Median (range) presentation mRS 2.5(0-5)
Any identified comorbidity or risk factor 48% 69% 25% .047 43% 55% .70
Baseline angioarchitecture
>1 arteriovenous connection 64% 100% 25% .0001 64% 64% 1.0
>1 brain vascular lesion 32% 31% 33% 1.0 21% 45% .39
Feeding artery aneurysm(s) 8% 0% 17% 22 14% 0% 49
>1 arterial territory involved 52% 85% 17% .0012 57% 45% .70
Any deep venous drainage in any lesion 40% 54% 25% 23 43% 36% 1.0
>1 draining vein from any lesion 48% 38% 58% A3 43% 64% 43
Massive venous sinus dilation 23% 45% 0% .035 36% 0% .046
Any venous sinus dilation 41% 64% 18% .081 57% 9.1% .033
Vein of Galen dilation 26% 42% 9.1% .16 29% 18% .66

Student ¢ tests were used to compare normally distributed continuous
data, Wilcoxon rank sum tests were used to compare ordinal data, and
Fisher exact tests were used to compare proportions. Descriptive sta-
tistics and Student # tests were calculated in Excel for Macintosh 2008
(Microsoft, Redmond, Washington). Risk ratios, 95% confidence in-
tervals, odds ratios, and Wilcoxon rank sum and Fisher exact tests
were performed in Stata SE version 11 (StataCorp, College Station,
Texas).

Results

Demographic Information

NGAVFs were present in 7.3% of the 386 pediatric patients
evaluated and treated for intracranial arteriovenous shunting
at our hospital during the study period. Of the 25 patients
included for further analysis, 14 were boys and 11 were girls.
Whereas boys presented clinically at a median age of 8 months
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(range, 1 day to 14 years), girls presented at a median age of 3
years (range, 21 days to 16 years). Baseline patient character-
istics and clinical presentations are presented in Tables 1 and
3, and in On-line Table 1.

Clinical Presentation

Clinical presentation varied by age (Table 3) but was similar in
boys and girls. One girl was diagnosed with intracranial AVF
and associated hydrops fetalis by sonography in utero. An-
other girl received prenatal diagnosis of intracranial AVF
when a hypervascular intracranial mass was identified in the
setting of a twin pregnancy. Eight patients presented as neo-
nates (<1 month of age), 5 presented in later infancy or the
second year oflife (1 month to 1.3 years old), and 12 presented
later in childhood (3-16 years of age). Neonates most often
presented with manifestations of high output cardiac failure:



CHEF (7/8), pulmonary hypertension (5/8), cyanosis, (2/8),
anasarca (2/8), liver failure (2/8), renal failure (1/8), or dis-
seminated intravascular coagulation (1/8). Four neonates had
audible cranial bruits. Neurologic deficits (hypotonia, hemi-
paresis), hydrocephalus, and skin lesions (facial AVM, scalp
cutis aplasia) were less common.

Of the 5 patients who presented in infancy or the second
year of life, 3 had seizures, 3 had neurologic deficits (cranial
neuropathy, nystagmus, hypotonia), 2 had developmental de-
lay, 2 had macrocephaly or hydrocephalus, 2 had audible cra-
nial bruits, 1 had dilated facial veins, and 1 had mild CHF.
CHF was more likely to manifest in neonates than in infants
and children (risk ratio = 15; 95% CI, 2.2 to 101; P = .0001).

Twelve children 2 years and older came to attention due to
headaches (50%), seizures (42%), intracranial hemorrhage
(25%), lethargy (17%), visual changes (17%), or other signs or
symptoms (8% each: coma, hydrocephalus, macrocephaly,
vomiting, monoparesis). Seizures were more common in chil-
dren and infants than in neonates (47% versus 0%, respec-
tively, P = .026). All 4 patients presenting with intracranial
hemorrhage were infants or children; no neonates presented
with hemorrhage. The median presentation mRS for children
>2 years was 2.5, with a range of 0-5.

Patients with multi-hole fistulas presented at younger ages
than those with single-hole fistulas (Table 1). CHF also oc-
curred more frequently in subjects with multi-hole fistulas
than in those with single-hole fistulas. Current or prior intra-
cranial hemorrhage in patients with single-hole fistulas was
more common than in those with multi-hole fistulas, though
this trend did not reach statistical significance (P = .12).

Risk factors for AVF formation, as well as comorbidities
associated with arteriovenous shunting, were identified in sev-
eral patients (On-line Table 1). One patient had hydrops feta-
lis, due to arteriovenous shunting diagnosed in utero. Several
of the patients’ mothers had obstetric complications that may
have been related to lesser degrees of underlying fetal CHF.
These complications included pre-eclampsia, fetal bradycar-
dia, and failure to progress in labor. One patient had a father
with a brain aneurysm and a cousin with multiple brain
AVMs. Three patients were born with congenital malforma-
tions: 1 with cutis aplasia and a facial AVM, 1 with parietal
schizencephaly, and 1 with hydrocele and penile urethral de-
fect. One patient with 3 separate brain AVFs was diagnosed
with HHT.

Angioarchitecture

The angioarchitecture of NGAVF varied among different age
groups (Table 3). Complex fistulas with multiple arterio-
venous connections (including the presence of multiple sin-
gle-hole lesions) were more common in subjects presenting in
the first 2 years of life (100%; Figs 1 and 2) than in older
children (25%, P = .0001), while single-hole fistulas were
more common in older children (Fig 3). Arterial and venous
angioarchitectural features are described in On-line Tables 2
and 3. In keeping with the presentation of complex fistulas
earlier in life, subjects presenting in the first 2 years of life
(85%) were more likely than older children (17%) to harbor
fistulas fed by more than 1 arterial territory (risk ratio = 5.1;
95% CI, 1.4 to 18; P = .0012). Feeding artery aneurysms were
identified in 2 older children (15%) but not in any children

presenting at =2 years of age. There was no significant differ-
ence in the presence of deep versus superficial venous drain-
age, nor in the number of draining veins when neonates and
infants were compared with children. Venous sinus dilation
was more common in boys (57%) than in girls (9%, P = .033).

Treatment
Treatments, procedural complications, and imaging and clin-
ical outcomes are described in Tables 2 and 4. The median age
at first treatment was 9 months for boys and 3 years for girls.
Patients received between 1 and 5 endovascular, surgical, or
radiosurgical treatments, with a median of 2 treatments. Sub-
jects presenting at =2 years of age underwent more treatment
procedures than did children presenting at >2 years of age
(median 3 versus 2, P = .041). Similarly, patients with multi-
hole fistulas received more treatments than those with single-
hole fistulas (median 3 versus 2, P = .003).

The treatment for each patient is detailed in On-line Table
4. Patients were treated by an endovascular route using a va-
riety of materials: coils, 24/25 patients (96%); n-BCA glue,
2/25 (8%); particulate emboli, 2/25 (8%); and a detachable
balloon, 1/25 (4%). Three patients with DAVFs identified 3
months to 3.5 years after initial NGAVF treatment were also
treated transarterially with n-BCA glue (1 patient) or absolute
ethanol (2 patients). Ten patients received surgery after endo-
vascular embolization that was either incomplete (9 of 10) or
unsuccessful (1 patient with a pushable coil—from the era
before detachable coils were available—lost to the draining
vein of the AVF). One patient received stereotactic gamma
knife (Leskell, Sweden) radiosurgery to a small AVM nidus
that became apparent only after a large nearby NGAVF was
embolized.

Procedural Complications

Overall, 15/25 (60%) patients experienced a procedural or
periprocedural complication of any type, 8/25 (32%) had a
symptomatic complication, and 3/25 (12%) suffered a major
complication (defined as death, permanent neurologic deficit,
or a complication requiring urgent surgical intervention). On
a per-procedure basis, the complication rate was 30% (18
complications in 60 procedures). Among endovascular and
surgical complications, 3 were major (death due to intrapro-
cedural basilar artery rupture, large postsurgical intracerebral
hemorrhage, common femoral artery transection requiring
surgical repair), 8 were minor or transient (urinary tract infec-
tion, lower extremity embolus not requiring treatment, sei-
zures, cerebral edema, transient focal neurologic deficits, post-
operative fever, myelopathy), and 7 were asymptomatic
(microcatheter- or microwire-induced vascular perforations
sealed intraprocedurally without associated clinical decline,
lower extremity embolus, small parietal lobe infarction).

The likelihood of complications varied by patient age and
complexity of vascular lesion. All 3 major complications oc-
curred in treated patients <1 year of age. Based on age of
presentation, having any complication was more likely in sub-
jects presenting at =2 years of age (85%) than in children
presenting at >2 years of age (33%; risk ratio = 3.3; 95% ClI,
0.94 to 12; P = .015). The likelihood of having a symptomatic
complication, however, did not differ between age groups. Pa-
tients with single-hole fistulas were less likely to have any com-
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Fig 1. Giant multi-hole AVF (patient 4). A full-term boy presented at birth with CHF. Neonatal axial (A) and coronally reformatted (B) CECT images suggest a large vascular malformation
occupying most of the posterior fossa. DSA at 9 days of life (C-£, early, mid, and late phase left CCA injections in the lateral projection; F~H, early, mid, and late left vertebral artery
injections in the AP lateral projection) identifies a large multi-hole pial AVF supplied principally from the PCA and choroidal arteries, draining to markedly dilated posterior fossa veins and
subsequently into dilated dural venous sinuses (/, late phase left CCA injection). After undergoing 4 embolization sessions in the first month of life, the patient had resolution of CHF and
ultimately made a good clinical recovery with mild developmental delay and cerebellar dysfunction at last follow-up at age 8 years. CCA indicates common carotid artery; CECT, contrast

enhanced CT; PCA, posterior cerebral artery.

plication (22%) than those with multi-hole fistulas (81%; risk
ratio = 0.19; 95% CI, 0.049 to 0.74; P = .009).

Imaging and Clinical Outcomes

The mean time to the last imaging follow-up was 3.3 * 3.3
years for all patients, with a median of 2 years (Tables 2 and 4).
Eighteen of 25 patients (72%) had complete elimination of
arteriovenous shunting within the targeted NGAVF at last fol-
low-up. Four boys who originally presented with multi-hole
NGAVFs eventually developed apparently new intracranial
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DAVFs during the course of follow-up; 2 of these DAVFs were
subsequently completely embolized and 2 were not (On-line
Table 4). Overall, 15/25 (60%) of patients had elimination of
all sites of intracranial arteriovenous shunting at the time of
last imaging follow-up. There was a trend for boys to develop
cerebral white matter calcifications—often attributed to
chronic venous hypertension—more frequently than girls
(42% versus 0%, respectively, P = .055).

The mean time to last clinical follow-up was 3.3 = 3.3 years
for all patients, with a median of 2 years (Tables 2 and 4). Two



Fig 2. Multi-hole AVF with delayed white matter calcifications and DAVF formation (patient 9). A 2-month-old boy presented with seizures, hypotonia, developmental delay, and nystagmus. A NECT
at 2 months of age demonstrates a mass in the right temporal lobe (4) and no white matter calcifications. MRA (B) suggests an AVF involving the right PCA. DSA at 6 months of age (C) confirms
3 PCA branch shunting to a single markedly enlarged vein with associated marked venous sinus dilation (D, £). Initial transarterial coil embolization eliminated arteriovenous shunting, but a follow-up
NECT at age 6 months demonstrates development of extensive white matter calcifications (), and a T2-weighted MR imaging (G) at age 18 months demonstrates extensive white matter damage,
both likely due to the patient's pre-embolization period of cerebral venous hypertension. A follow-up angiogram at age 3 years demonstrates de novo dural supply to the AVF from hypertrophied
MMA and ascending pharyngeal artery (H), as well as recurrent mild shunting from small branches of the PCA (/, J). At that same time, DSA demonstrates resolution of venous sinus dilation (K).
One year after ethanol embolization of the noneloquent distal anterior division MMA supply and surgical resection of the occipital fistula, no residual shunting was present but a pseudophlebitic
pattern of medullary venous drainage was still evident (£). MMA indicates middle meningeal artery; NECT, nonenhanced CT; PCA, posterior cerebral artery.
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Fig 3. Single-hole AVF with giant varix (patient 23). A 13-year-old boy was diagnosed with a pial AVF after presenting with a seizure. His family chose medical therapy with anticonvulsants.
At age 25 years, the patient’s seizure frequency increased and he elected endovascular treatment of his fistula. Contrast-enhanced CT just before treatment (A) demonstrates a giant left
parietal venous varix with mural calcifications. Left ICA injection lateral projection DSA (B) shows a single hypertrophied MCA cortical feeding artery supplying a single-hole AVF, with
an associated giant venous varix. After endovascular coiling, a lateral x-ray (C) demonstrates the coil mass in place at the arteriovenous connection and a left ICA lateral DSA (D) confirms
elimination of arteriovenous shunting.*®

Table 4: Treatments and outcomes stratified by age of presentation and by patient gender

Age Gender
=2 Years Old at >2 Years Old at
All Subjects Presentation Presentation P Males Females P
n=25 n=13 n=12 Value n=14 n=1 Value
Treatments
Mean age of first treatment = SD 49+ 65y 05+033y 96 +6.8y .00072 45+ 75y 53+ 55y 79
Median age (range) of first treatment 1.7y(1dayto25y) 0.33y(1dayto1.8y) 85y(3-25y) 0.78y(1dayto25y) 3y(4mto16y)
Median treatment procedures (range) 2(1-5) 3(1-5) 2(1-4) 041 2.5(1-5) 2(1-4) 23
Endovascular treatments only 60% 54% 67% 69 57% 64% 1.0
Any periprocedural complication 60% 85% 33% 015 57% 64% 1.0
Any symptomatic complication 32% 39% 25% 67 21% 45% 39
Outcomes at last follow-up
Mean follow-up duration = SD 33 =33y 3.1+28y 27*+37y 74 23+24y 46 =38y 10
Median (range) follow-up duration 2y(1dayto13y) 2y(1dayto8y) 1y(2daysto13y) 15y(1dayto8y) 3.5y(0.7-13y)
Occlusion of all targeted arteriovenous 72% 69% 75% 1.0 64% 82% A1
shunts

Elimination of all arteriovenous shunting 60% 62% 58% 1.0 57% 64% 1.0
White matter calcifications 25% 38% 13% 34 42% 0% .055
Normal neurologic examination 48% 7.1% 92% <.0001 36% 64% 24
Median last mRS (range) 1(0-6) 3(0-6) 0(0) .0001 2 (0-6) 0(0-3) 43
Good outcome (last mRS 0-2) 72% 46% 100% .0052 79% 64% .66

patients treated in the neonatal period (8%) had died at the = one 3 years later, after being transitioned to comfort care in the
time of last follow-up (one immediately after treatment and  setting of severe disability and ventriculoperitoneal shunt fail-
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Table 5: Comparison of posttreatment angiographic and clinical outcomes in pediatric NGAVF and vein of Galen malformation

NGAVF Posterior Supratentorial

Current Fossa NGAVF NGAVF VOGM VOGM
Outcome Study Yoshida et al® Weon et al® Fullerton et al** Lasjaunias et al*®®
Complete angiographic elimination of arteriovenous shunt 15/25 (60%) 6/14 (43%) 14/35 (40%) 21/27 (78%) 118/216 (55%)
Death 2/25(8%) 2/14 (14%) 2/35(5.7%) 4/27 (15%) 23/216 (11%)

No neurologic deficit or developmental disability 12/25 (48%)

10/14 (71%)

26/35 (74%) 14/27 (52%) 143/216 (66%)

ure). Twelve of 25 patients (48%) were developmentally and
neurologically normal at last follow-up (Tables 2, 4, and 5).
Good clinical outcome, defined as a last pediatric mRS of 0 to
2, was achieved in 72% of patients.

Outcomes differed between age groups at diagnosis, as well
as in patients with multi-hole fistulas compared with those
with single-hole fistulas. Patients who had a diagnosis of
NGAVF before 2 years of age were less likely to have normal
neurologic examinations and development than patients diag-
nosed as children (7% versus 92%, respectively, risk ratio =
0.090; 95% CI, 0.014 to 0.59; P < .0001). The median last mRS
was worse for subjects who originally presented at =2 years
than for children who originally presented at >2 years of age
(3 versus 0, P = .0001). Whereas all patients with single-hole
fistulas ultimately had normal neurologic and developmental
outcomes, only 19% of patients with multi-hole fistulas had a
normal clinical outcome (P = .0001). A good clinical outcome
(last mRS 0—2) was more common in patients with single-hole
fistulas (100%) than in patients with multi-hole fistulas (56%,
P =.027).

Discussion
Although NGAVFs are heterogeneous, our data suggest that
these lesions can be separated into 2 distinct groups based on
the patient’s age at presentation and the complexity of AVF
angioarchitecture, which are not independent of each other.
Patients who present in the first 2 years of life are more likely to
harbor large, complex multi-hole AVFs that have high flow
arteriovenous shunting leading to CHF. Massive dural venous
sinus dilation was also more common in these younger pa-
tients with marked arteriovenous shunting. Enlarged persis-
tent fetal venous structures, such as an occipital sinus, also
imply that the high-flow shunting observed in multi-hole
NGAVFs may begin relatively early in fetal development.'
Children presenting after 2 years of age were more likely to
have a single-hole NGAVF and to present with seizures, focal
neurologic deficits, or intracranial hemorrhage. Other authors
have noted that intracranial hemorrhage is an infrequent pre-
sentation for NGAVE."*'° The 3 patients in our series who
presented with symptomatic intracranial hemorrhage were
older than 3 years of age. Chronicity of arteriovenous shunting
may also explain why the 2 patients who had feeding artery
aneurysms were also in the older age group. It may require
time for arteries exposed to high flow to develop aneurysms, as
is described for flow-related aneurysms in adult AVMs. Simi-
larly, chronic exposure of veins to high flow and pressure may
cause venous dilation, stenosis, thrombosis, and hemorrhage.
The cerebral vasculature of neonates has not been exposed to
high flow for as long as that in older children, and might not be
expected to have developed feeding artery aneurysms or ve-
nous occlusions with their attendant risk of intracranial hem-

orrhage. Instead, neonates present with CHF from large shunt
fractions before aneurysms and venous occlusions have had a
chance to develop.

Comorbidities and Risk Factors

Comorbidites were identified in almost half of the patients in
our series (On-line Table 1), though diagnoses of genetic syn-
dromes were uncommon. Only 1 of our patients was diag-
nosed with HHT, which contrasts with the experience of the
Bicetre group, in which 11 of 41 patients with supratentorial
NGAVF were diagnosed with HHT,” and with other literature
associating NGAVF with HHT.*** University of California-
San Francisco was not an HHT referral center during this ret-
rospective study, and the degree of detail in evaluating first-
degree relatives of patients was heterogeneous. Although the
diagnosis of HHT was made in only 1 patient in our cohort,
some of these patients could have received the HHT diagnosis
elsewhere as adults after their last follow-up at our center.
Other authors have reported NGAVF associated with Ehlers-
Danlos syndrome,***” neurofibromatosis type I,* Klippel-
Trenaunay-Weber syndrome,® encephalocraniocutaneous li-
pomatosis,5 and aortic coarctation,?® none of which were
diagnosed in our cohort. Although RASAI mutations have
been associated with brain AVM phenotype,>**! our patients
did not undergo testing for this mutation, which is a potential
limitation of our study.

Treatment Approach

Neonatal NGAVFs are particularly difficult to treat. From an
endovascular perspective, challenges include the presence of a
high-flow fistula, tortuous intracranial feeding arteries, a small
femoral artery access site, and limitations in the volume of
contrast that can be used. Embolization procedures are often
long, with the attendant risk of extended general anesthesia in
a critically ill neonate. Before initial embolization in neonates,
a brain MR imaging is warranted to assess the degree of un-
derlying encephalomalacia: a severely damaged brain at base-
line may prompt a discussion of appropriate goals of care and
obviate the need for further intervention.

From a technical perspective, because of the accuracy of
embolic deposition at the fistula site and the ability to deploy
multiple coils without requiring recatheterization, our group
has preferred the use of transarterial coils, as opposed to liquid
embolics, in the endovascular treatment of NGAVFs. Com-
pared with the pediatric cohort from Bicetre, our approach is
more similar to a recently published series of adult and pedi-
atric patients from Beijing'? in which glue or coils followed by
glue were favored.”>* The use of highly accurate detachable
coils may help explain the high overall NGAVF occlusion rate
in the current series (Table 5). However, the use of the over-
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the-wire microcatheter technique for coil deployment (as
opposed to flow-directed catheterization for n-BCA emboli-
zation) may also account for the high—if usually asymptom-
atic—rate of microwire perforations in very young patients in
the current series.

Due to small total blood volumes and coexistent CHF, sur-
gery is also risky in neonates. In comparison with the simpler,
single-hole arteriovenous shunts that occur in older children,
and that are often curable in a single or 2-stage embolization
procedure, the presence of multiple arteriovenous shunts in
children presenting at =2 years of age makes these lesions
more likely to require several treatment sessions. Although 7
of 10 surgeries after incomplete embolizations in our cohort
occurred before the year 2000, when endovascular techniques
were not as well developed, surgical techniques remain an im-
portant complement to endovascular therapy, particularly for
complex AVFs. Our overall approach for the treatment of
NGAVFs in neonates who also have CHF is to perform suffi-
cient embolization to lessen or eliminate CHF, but not neces-
sarily to occlude the entire AVF. Similar to the management of
VOGMs,”>** we favor delaying NGAVF treatment until after
the first several months of life unless CHF necessitates early
intervention.

The goal of eliminating arteriovenous shunting in older
children is not for the prevention of CHF but rather to reduce
chronic cerebral venous hypertension that can lead to white
matter calcification and “melting brain” syndrome, similar to
that seen in untreated and insufficiently treated VOGM.* In
addition, relief of venous hypertension removes powerful
proangiogenic and proinflammatory stimuli, even below the
level of venous ischemia.”>>°

Stereotactic radiosurgery is reserved for patients with
NGAVFs who also have an AVM nidus. Radiosurgery has lim-
ited ability to induce regression of larger caliber fistulas, and
from a practical standpoint, frame placement is not possible in
very young patients with open cranial sutures.

Mixed Type Vascular Lesions and De Novo Fistula
Formation

Four patients were found at angiographic follow-up after ini-
tial multi-hole NGAVF treatment to have DAVFs that were
not previously seen. This raises the question of whether these
DAVFs were de novo lesions acquired after NGAVF treat-
ment, perhaps due to activation of angiogenic pathways, or
were instead present at initial treatment but masked by the
high-flow shunting of the NGAVF. A related phenomenon
was observed in 2 patients in our series who were originally
thought to have pure single-hole NGAVFs. After coil emboli-
zation of their high-flow NGAVFs, a tiny nidus AVM adjacent
to the pial NGAVFs was identified, perhaps because elimina-
tion of the large arteriovenous shunt allowed angiographic
detection of small, nearby low-flow lesions. This also under-
scores the possibility that some patients diagnosed with pial
AVFs actually have nidus AVM components that are difficult
to see. This further suggests that pial AVFs may not be a dis-
tinct disease from nidal AVMs but that, instead, there is a
biologic continuum from nidus angioarchitecture to fistulous
architecture.
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Clinical Outcomes

Clinical outcome for patients with NGAVFs appears to de-
pend largely on the complexity of the initial AVF and the age at
which patients present clinically. This is not surprising, as the
larger the arteriovenous shunt fraction, the more likely the
patient is to present in CHF as a neonate. Thus, NGAVFs
presenting in neonates and infants might better be compared
with VOGMs when counseling parents about disease and
treatment outcomes. Similar to patients with VOGMs,
younger patients with NGAVFs with more severe disease are
more likely to have poor outcomes.”” In fact, neonatal
NGAVFs appear to have a worse prognosis than
VOGMs.>*>** For single-hole NGAVFs presenting in child-
hood, however, a more optimistic prognosis is warranted.

Conclusions

Multihole NGAVFs were more likely to present in neonates
with CHF and single-hole NGAVFs predominated in older
children presenting with seizures. Overall morbidity of these
heterogeneous lesions appears higher than that previously re-
ported for NGAVF, despite a somewhat higher rate of angio-
graphic cure, with most poor outcomes arising in patients pre-
senting with NGAVF at <2 years of age.
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