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Abstract
Objective Pial arteriovenous fistula (AVF) is an extremely rare entity due to direct arterial connection with the venous plexus
without an intervening capillary network. The objective of this article is to describe a unique case of congenital pial AVF along
the interhemispheric falx with complete callosal agenesis and malformation of cortical development within the bilateral anterior
cerebral artery territories. We also demonstrated the distinctive feature of temporal stability of the extensive intracranial abnor-
malities without active intervention. Less than 100 cases have been reported thus far, most of which involve the adult rather than
pediatric age group. A comprehensive literature review of congenital pial AVF will also be included.
Case description A 5-year-old child presented with headache and complex partial seizures. Imaging of the brain revealed the
presence of polymicrogyria-pachygyria in the parasagittal frontoparietal lobes with associated underlying white matter
hypodensities. Complete agenesis of the corpus callosum was also seen. In addition, enlarged and tortuous vessels were noted
along the interhemispheric falx with no appreciable nidus. Bilateral dilated and tortuous ACAs were seen supplying the network
of abnormal vessels along the falx. The radiological findings were stable on a follow-up MRI 12 years later.
Conclusion Our reported case adds to current limited knowledge of this rare entity in the pediatric age group, which is tradition-
ally treated aggressively and urgently. Our case demonstrated temporal stability of this lesion with no detrimental complications
observed. This suggests that the outcome of pial AVFs with conservative treatment may not be as grim as previously thought.
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Introduction

Pial arteriovenous fistula (AVF) is a high pressure gradient
vascular malformation (VM) with direct connection between
the arterial and venous systems without an intervening capil-
lary network [1]. These are rare, comprising only 1.6% of

intracranial VMs [2]. Herein, we report a unique case of con-
genital pial arteriovenous fistula (AVF) along the interhemi-
spheric falx with complete callosal agenesis and malformation
of cortical development (MCD) within the bilateral anterior
cerebral artery (ACA) territories, presumably a result of
chronic ischemia during intrauterine development. Our case
is also distinctive as we were able to establish temporal stabil-
ity of both the VM and brain parenchymal changes without
active intervention over a period of 12 years.

Case report

A 5-year-old child who was well at birth presented to our
institution with headache and complex partial seizures. On
examination, there was no focal neurological deficit and de-
velopmental milestones were age-appropriate. Seizures were
well controlled with single anti-epileptic medication.
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Computed tomography of the brain (Fig. 1), magnetic reso-
nance imaging (MRI), and time-of-flight magnetic resonance
angiography of the brain (Fig. 2) revealed the presence of
polymicrogyria-pachygyria in the parasagittal frontoparietal
lobes with associated underlying white matter signal abnor-
malities. Complete agenesis of the corpus callosum was also
seen. In addition, enlarged and tortuous vessels were noted
along the interhemispheric falx with no appreciable nidus.
Bilateral dilated and tortuous ACAs were seen supplying the
network of abnormal vessels along the falx. Catheter angio-
gramwas suggested to delineate the extent and anatomy of the
pial AVF, with view for surgical intervention. The family how-
ever opted for expectant management. A repeat MRI brain
which was performed for the investigation of frontal headache
12 years after the initial presentation showed stable findings
with persistently dilated ACA branches and cortical veins
(Fig. 3).

Discussion

Pial AVF is a rare VM with direct connection between the arte-
rial and venous systems without an intervening capillary net-
work [1]. It is distinct from pial arteriovenous malformation
because it does not have a nidus and distinct from dural AVF
because it is fed by pial artery rather than dural artery [1]. The
high pressure gradient due to direct arteriovenous communica-
tion renders this lesion vulnerable to rupture and life-threatening
bleed [1]. According to the updated 2014 International Society
for the Study of Vascular Anomalies (ISSVA) classification, pial
AVF is a high-flow simple VM [3]. Early presentation before
2 years of age is usually from high output cardiac failure, symp-
toms of increased intracranial pressure, giant varices presenting
as a palpable mass or macrocephaly. Patients after 2 years of age
can present with intracranial hemorrhage, seizure, neurological
deficit, or headache [4, 5].

The underlying pathophysiology of this entity is unclear,
and various theories have been proposed. They are divided
into the congenital and acquired subtypes. Acquired pial
AVFs had been associated with trauma [1, 2] while congenital
pial AVFs had been proposed to be related to increased angio-
genesis since a significant proportion of the reported cases had
underlying vascular syndromes such as Rendu-Osler-Weber
disease, Klippel-Trenaunay-Weber syndrome [6–11], and
RAS-1 mutation [12]. Cases without associated vascular syn-
dromes such as our reported case are extremely rare. We per-
formed a thorough literature review, the results of which are
delineated in Table 1 [11, 13–23]. Thus far, there are 12 case
reports and case series of congenital pial AVF, none of which
was associated with complete agenesis of corpus callosum or
MCD. Also, none of the reported patients demonstrated tem-
poral stability of imaging findings without active intervention.

We postulate that the pial AVF was the first of the three
abnormalities to develop in this patient and is the most likely
antecedent cause of the MCD and corpus callosal agenesis. The
presence of VM along the interhemispheric falx, deriving its
blood supply mainly from the bilateral ACAs, resulted in chron-
ic ischemia due to the Bsteal phenomenon.^ Ischemic insult is a
known cause of MCD [24]. The polymicrogyria-pachygyria
seen in our patient was confined within the bilateral ACA terri-
tories, further supporting our hypothesis of an ischemic insult.
Gliosis/signal abnormalities seen within the subjacent white
matter, again confined within the ACA territories, were also
likely ischemic in etiology. Mechanical inhibition to the midline
crossing of the commissural fibers is hypothesized to be the
cause of the high incidence of corpus callosal dysgenesis in
individuals with interhemispheric lipomas [25]. Hence, it is
not surprising that the presence of abnormal dilated vessels in
the interhemispheric region due to the presence of pial AVF in
our reported case could interrupt with the normal intrauterine
development of the corpus callosum. Intrauterine development
of the corpus callosum commence as early as the eighth week of
gestation and it assumes its final shape by 18 to 20 weeks of

Fig. 1 a, b Axial CT images of
the brain demonstrate the
presence of abnormal gyral-
sulcation pattern in the medial/
parasagittal frontoparietal lobes
with areas of low densities within
the underlying white matter (ar-
rows), as well as parallel appear-
ance of the lateral ventricles and
colpocephaly (*), in keeping with
complete agenesis of the corpus
callosum
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gestation [26, 27]. The complete absence of the corpus callosum
in our reported patient suggests that the pial AVF developed in
the first trimester.

Owing to the rarity of pial AVF, its natural history is not
known and a consensus regarding the best treatment strategy
has not been established. Historically, pial AVF has been treat-
ed on urgent basis, either by endovascular or surgical

approach [4, 28, 29]. Studies showed that patients who were
treated surgically or endovascularly demonstrated good clini-
cal outcomes [6, 7]. One study reported that five (63%) of
eight patients managed conservatively expired due to acute
or subsequent fatal bleeding [10]. Development of giant ve-
nous aneurysm had also been reported before, leading to car-
diac failure [16]. Although extremely rare, spontaneous

Fig. 3 a-d Follow-up magnetic
resonance imaging 12 years after
the initial presentation again
showed polymicrogyria-
pachygyria in the medial/
parasagittal frontoparietal lobes,
stable signal abnormalities within
the underlying white matter,
complete agenesis of the corpus
callosum, and network of abnor-
mal vessels along the falx, sup-
plied by the bilateral anterior ce-
rebral arteries which are dilated
and run a tortuous course (arrows)

Fig. 2 a-e: a Axial and b, c coronal T2-weighted images of the brain
confirmed the presence of polymicrogyria-pachygyria in the medial/
parasagittal frontoparietal lobes, signal abnormalities within the underly-
ing white matter, and complete agenesis of the corpus callosum. In addi-
tion, enlarged and tortuous vessels (arrowheads) are seen along the inter-
hemispheric falx, with no appreciable nidus. d Midline sagittal post-

contrast T1-weighted image showed enlarged and tortuous vessels along
the interhemispheric falx. There is also mild prominence of the anterior
superior sagittal sinus (dotted arrow). e Time of flight magnetic resonance
angiogram of the circle of Willis revealed enlargement of the bilateral
anterior cerebral arteries (solid arrows), supplying the network of abnor-
mal vessels along the falx

Childs Nerv Syst (2019) 35:569–574 571



Ta
bl
e
1

Su
m
m
ar
y
of

lit
er
at
ur
e
re
vi
ew

of
ca
se

re
po
rt
s
an
d
ca
se

se
ri
es

of
co
ng
en
ita
lp

ia
la
rt
er
io
ve
no
us

fi
st
ul
a
(A
V
F
)
[1
1,
13
–2
3]

C
as
e
re
po
rt
s/
ca
se

se
ri
es

A
ge

at
pr
es
en
ta
tio

n
D
ur
at
io
n
of

fo
llo

w
-u
p

P
re
se
nt
in
g
sy
m
pt
om

s
A
ss
oc
ia
te
d
in
tr
ac
ra
ni
al

fi
nd
in
gs

M
an
ag
em

en
t

O
ut
co
m
es

Z
ha
ng

et
al
.[
11
]

4
m
on
th
s

6
m
on
th
s

Pr
og
re
ss
iv
e
ey
e
re
dn
es
s

N
il

E
nd
ov
as
cu
la
r

em
bo
liz
at
io
n

w
ith

m
ic
ro
co
ils

S
ta
bl
e
un
til

th
e
da
te

of
pu
bl
ic
at
io
n

A
ro
yo

et
al
.[
14
]

6
m
on
th
s

36
m
on
th
s

C
H
F

N
il

C
ra
ni
ot
om

y
an
d

cl
ip
pi
ng

S
ta
bl
e
un
til

th
e
da
te

of
pu
bl
ic
at
io
n

K
ra
ne
bu
rg

et
al
.[
15
]

1
m
on
th

2.
5
m
on
th
s

In
tr
av
en
tr
ic
ul
ar

he
m
or
rh
ag
e
an
d

hy
dr
oc
ep
ha
lu
s

N
il

E
nd
ov
as
cu
la
r

em
bo
liz
at
io
n

S
ta
bl
e
un
til

th
e
da
te

of
pu
bl
ic
at
io
n

B
at
is
ta
et
al
.[
13
]

3
ye
ar
s

5
m
on
th
s

A
bn
or
m
al
fa
ci
al

fe
at
ur
es

an
d

re
ta
rd
ed

gr
ow

th

E
nc
ep
ha
lo
cr
an
io
-

cu
ta
ne
ou
s
lip

om
at
os
is

sy
nd
ro
m
e

E
nd
ov
as
cu
la
r

em
bo
liz
at
io
n

w
ith

co
ils

an
d
gl
ue

S
ta
bl
e
un
til

th
e
da
te

of
pu
bl
ic
at
io
n

A
go

et
al
.[
16
]

A
tb

ir
th

6
m
on
th
s

C
ra
ni
al
br
ui
t

N
il

Su
rg
ic
al
re
se
ct
io
n

S
ta
bl
e
un
til

th
e
da
te

of
pu
bl
ic
at
io
n

K
om

iy
am

a
et
al
.[
17
]

1-
m
on
th
-o
ld

(2
ca
se
s)

10
ye
ar
s
an
d

2.
5
ye
ar
s
(2

ca
se
s)

C
H
F

N
il

E
nd
ov
as
cu
la
r

em
bo
liz
at
io
n

w
ith

co
ils

S
ta
bl
e
un
til

th
e
da
te

of
pu
bl
ic
at
io
n

B
oe
te
ta
l.
[1
9]

2
ye
ar
s

3
ye
ar
s

P
ro
gr
es
si
ve

un
st
ea
di
ne
ss

N
il

E
nd
ov
as
cu
la
r

em
bo
liz
at
io
n

S
ta
bl
e
un
til

th
e
da
te

of
pu
bl
ic
at
io
n

M
ar
tin

ez
et
al
.[
20
]

Pr
en
at
al

N
/A

N
/A

N
il

N
/A

In
tr
a-
ut
er
in
e
de
m
is
e

P
ed
ic
el
li
et
al
.[
21
]

Pr
en
at
al

4
ye
ar
s

N
/A

N
il

Su
rg
ic
al
ex
ci
si
on

S
ta
bl
e
un
til

th
e
da
te

of
pu
bl
ic
at
io
n

K
or
ug
lu

et
al
.[
22
]

Pr
en
at
al

3
ye
ar
s

N
/A

N
il

E
nd
ov
as
cu
la
r

em
bo
liz
at
io
n

vi
a
um

bi
lic
al
ar
te
ry

S
ta
bl
e
un
til

th
e
da
te

of
pu
bl
ic
at
io
n

G
ar
el
et
al
.[
23
]

Pr
en
at
al

(3
ca
se
s)

Pa
tie
nt

1:
2
w
ee
ks

N
/A

N
il

E
nd
ov
as
cu
la
r

em
bo
liz
at
io
n

in
al
l3

pa
tie
nt
s

1
di
ed

an
d
2
w
er
e
st
ab
le

un
til

th
e

da
te
of

pu
bl
ic
at
io
n

Pa
tie
nt

2:
1.
9
ye
ar
s

Pa
tie
nt

3:
6
ye
ar
s

P
ar
am

as
iv
am

et
al
.[
18
]

Pr
en
at
al

V
ar
ie
s
fr
om

1
da
y
to

18
m
on
th
s
(m

os
tc
as
es

w
er
e
fo
llo

w
ed

up
fo
r
6

to
12

m
on
th
s)

V
en
tr
ic
ul
om

eg
al
y

N
il

A
ll
16

ca
se
s
w
er
e

em
bo
liz
ed

w
ith

N
-b
ut
yl
-

cy
an
oa
cr
yl
at
e

(N
B
C
A
)
w
he
re
as

co
ils

w
er
e

al
so

us
ed

in
10

of
th
e
16

ca
se
s

al
on
g
w
ith

N
B
C
A
.

4
ca
se
s
de
ve
lo
pe
d

su
bs
eq
ue
nt

du
ra
l

ar
te
ri
ov
en
ou
s
fi
st
ul
a.

2
ca
se
s
ha
d
tr
an
sv
er
se

si
gm

oi
d

si
nu
s

oc
cl
us
io
n.

1
ne
on
at
e
pr
es
en
tin

g
w
ith

co
ng
es
tiv

e
he
ar
tf
ai
lu
re
,f
ol
lo
w
in
g

em
bo
liz
at
io
n

de
ve
lo
pe
d
su
ba
ra
ch
no
id

he
m
or
rh
ag
e

an
d
su
bs
eq
ue
nt
ly

di
ed
.

3
m
on
th
s

In
tr
ac
ra
ni
al
he
m
or
rh
ag
e

N
il

14
m
on
th
s

Pr
om

in
en
tf
ac
ia
lv

ei
ns

N
il

ne
on
at
e

C
H
F,
pu
lm

on
ar
y

hy
pe
rt
en
si
on

N
il

24
m
on
th
s

Se
iz
ur
es

N
il

7
m
on
th
s

M
ac
ro
ce
ph
al
y,
se
iz
ur
es

N
il

7
m
on
th
s

M
ac
ro
ce
ph
al
y,

de
ve
lo
pm

en
ta
l

de
la
y

N
il

N
eo
na
te

C
H
F,
bl
ui
sh

di
sc
ol
or
at
io
n

N
il

18
m
on
th
s

St
ar
in
g
sp
el
ls
,

br
ea
th
le
ss
ne
ss

N
il

62
m
on
th
s

H
ea
da
ch
e

N
il

572 Childs Nerv Syst (2019) 35:569–574



closure has been documented [30]. Our case demonstrated
temporal stability of both the VM and brain parenchymal
changes over a period of 12 years with no interval develop-
ment of giant venous aneurysm or intracranial hemorrhage.
This suggests that the outcome of pial AVFs with conservative
treatment may not be as grim as previously thought. Our case
is exceptionally unique due to the associated findings not pre-
viously documented, its location along the interhemispheric
falx as well as its unpredictably stable natural history despite
the absence of active intervention.

Conclusion

Our understanding of pial AVFs is very limited especially in
the pediatric age group, largely due to the rarity of the condi-
tion. Our case adds incremental value to this rare entity by
showing the associated findings that were not previously doc-
umented, its location along the interhemispheric falx as well
as its unpredictably stable natural history despite the absence
of active intervention.
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