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Abstract
Introduction  Pial arteriovenous fistulas (pAVF) are rare vascular malformations, especially in children and newborns. In 
neonates, the most common symptom is congestive heart failure.
Case presentation  We report a case of an asymptomatic preterm newborn incidentally diagnosed with pAVF during a routine 
cranial ultrasound (cUS) on the third day of life. Cerebral magnetic resonance (MRI) confirmed the diagnosis. A wait-and-
see approach was chosen by the multidisciplinary team. The cUS and the MRI on day 14 of life showed the spontaneous 
resolution of the lesion.
Conclusions  This case underlines the challenges in identifying pAVF in the first weeks of life and demonstrates a possible 
positive outcome for affected neonates.
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Introduction

Neonatal intracranial vascular malformations represent a rare 
clinical entity. They can be divided into malformations without 
and with arteriovenous (AV) shunt [1, 2]. The latter comprise 
different lesions with various etiologies, treatment options, and 
outcomes, including vein of Galen aneurysmal malformations 
(VGAMs) and single-hole pial arteriovenous fistulas (pAVFs, 
also known as non-Galenic fistulas). If VGAMs account for 
about 1% of the abnormalities of the foetal cerebral arterio-
venous system [3, 4], PAVFs are rarely seen in the first year 
of life, and no extensive epidemiologic data are available. In 
the largest available series of AV malformations published 
by Lasjaunias et al., neonatal pAVFs accounted for 15% [5]. 

PAVFs are more frequently localized in the supratentorial 
compartment [5, 6]. They are defined as abnormal and direct 
communications between intracranial pial arteries and veins 
without an interposed capillary bed or malformative nidus. The 
angio-architectural differences, the age of the patient, and the 
clinical presentation influence the management strategies [7].

Digital subtraction angiography (DSA) has long been the 
gold standard to detect and confirm cerebro- and spinovascu-
lar lesions, like pAVFs, but has the disadvantages of invasive-
ness, need for procedural preparation, and expenses. Cerebral 
magnetic resonance imaging (MRI) with MR angiography can 
be another, less demanding technique to define pAVFs’ fea-
tures (origin, size, localization, and angioarchitecture) [8–10].

Clinically, the most common presentation in children is 
congestive heart failure (from fistula overload) [5, 9], and 
haemorrhage, among others [10]. Treatment options in new-
borns are similar to those in the adult population, although 
limitations exist due to body weight, size of the lesion, and 
potential comorbidities [7]: endovascular treatment is the 
preferred approach [11–13].

We describe a unique case of a pAVF incidentally diag-
nosed in an asymptomatic preterm newborn from a neuro-
logical point of view showing a benign evolution and no 
need for surgical or endovascular intervention. A literature 
review follows this case report.
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Case report

Perinatal history

A female preterm infant was born via urgent cesarean sec-
tion at 31+5 gestational weeks (GW) due to alteration of 
the cardiotocographic trace. The pregnancy was charac-
terized by maternal hypertension and intrauterine growth 
restriction (IUGR) at 30+6 GW. No maternal infectious 
disease markers were present: serologies, blood tests 
(c-reactive protein, blood count and biochemical profile), 
and urine culture were negative.

At birth, the newborn was in good condition with nor-
mal vital parameters sign. At 8 min of life, due to dyspnea, 
continuous positive airway pressure (CPAP) was started 
with neonatal resuscitation T-piece. Arterial cordonal 
blood gas analysis was balanced. Given the gestational 
age and the need for respiratory support, the newborn was 
transported to the neonatal intensive care unit (NICU) for 
further care.

Neonatal course and investigations

On admission at our NICU (Padova University Hospital, 
Italy), the baby was alert with a mild hypotonia (explaina-
ble by the gestational age and the IUGR). Her birth weight 
was 1540 gr (40th%ile). Due to increased dyspnoea, a 
nasal intermittent mandatory ventilation was preferred. 
An umbilical central venous catheter was placed.

On admission, a cerebral ultrasound (cUS) was performed 
showing a cystic lesion in the left germinal matrix. However, 
the following cUS on day 3 of life (DOL) depicted the pres-
ence of flow within the cyst on colour Doppler mode, reveal-
ing a vascular nature of the lesion (Fig. 1a). Neurological 
examination was normal. A brain MRI scan was therefore 
carried out, which demonstrated a flow void in the site of 
the lesion depicted at cUS, interpreted as a venous pouch. A 
time-of-flight (ToF) MR angiography showed arterial flow 
in the pouch due to the presence of a fistula with two feeders 
from the posterior cerebral arteries and a single deep venous 
drainage into the vein of Galen. In addition, T1-weighted 
images demonstrated hyperintensity in the posterior wall of 
the pouch, due to initial thrombosis (Fig. 1b–d). Consider-
ing the radiological features of the lesion, the gestational 
age, and the weight of the patient, decision was taken for a 
conservative approach consisting of cardiovascular monitor-
ing and serial cUS examinations (every 2 days). Lastly, an 
amplitude-integrated-EEG was carried out and resulted to be 
normal. No other vascular malformations were detected at 
abdominal US. No genetic investigation was required, given 
the sporadic nature of the lesion.

Evolution

The patient remained clinically stable for the course of the 
NICU hospitalization, with normal haematocrit levels. The 
cUS performed at 14 DOL showed increased echogenicity 
inside the vascular pouch (Fig. 2a–c). A follow-up brain 
MRI scan showed disappearance of the vascular flow inside 
the pouch due to complete spontaneous thrombosis. Addi-
tionally, arterial flow was no longer visible in both feeding 
and draining vessels (Fig. 2c, d).

The baby was discharged at 40+2 GW (60th DOL). Her 
neurological examination was adequate for age with normal 
head circumference.

The 12-month follow-up visit demonstrated a normal 
neurological exam with good and appropriate psychomotor 
evolution for the corrected GA.

An MRI with MR angiography at the same age confirmed 
the absence of the vascular lesion and its afferent and effer-
ent branches and the remnant small malacic area adjacent to 
the left lateral ventricle.

Review of literature

A comprehensive literature search on intracranial arterio-
venous fistula in neonates was performed on PubMed/MED-
LINE online databases. The following key words and Medi-
cal Subject Heading terms were used: “newborn”, “infant”, 
“neonate”, “pediatric”, “intracranial”, “cerebral”, and “pial 
arteriovenous fistula”. Articles written in English and pub-
lished between 2005 and October 2021 were included. Nine 
articles were selected after the application of the above-
listed criteria (Table 1).

Table  1 summarizes data on pAVFS in the neonatal 
population: 35 patients with diagnosis of pAVFs have been 
reported in the last 15 years in the neonatal and infant pop-
ulation (Table 1). The postnatal incidental detection, the 
prematurity of the patient, the diagnostic process, the man-
agement, and the unusual clinical progression warrant the 
relevance of reporting our case.

To our knowledge, this is the first case describing an inci-
dental diagnosis and a spontaneous resolution of a pAVF. 
Moreover, pAVF involving the posterior circulation are rare 
in newborns and even rarer in preterm newborns [7].

According to our review of the literature, heart failure, 
epilepsy, and macrocrania are the most common manifesta-
tions of pAVFs [3, 4, 7–9, 12–15]. Luckily, our case was 
not diagnosed due to such clinical presentation but during a 
routine cUS. This also highlights the role of a non-invasive 
tool like cUS and the importance of using colour Doppler 
to evaluate the nature of cystic lesions. cUS may also be 
useful in the monitoring of these lesions over time. After 
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Fig. 1   a Cerebral ultrasound 
demonstrating a “cystic” lesion 
in the left germinal matrix with 
flow on color Doppler mode. b 
A ToF MR angiography in the 
arterial phase shows arterial 
flow in the pouch and the pres-
ence of a fistula with two feed-
ers from the posterior cerebral 
arteries. c A single deep venous 
drainage into the vein of Galen 
is noted. d A T1-weighted MR 
image demonstrates hyperinten-
sity of the posterior wall of the 
pouch due to partial thrombosis.
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this case, we have well-defined redefined o reviewed our 
local protocol, recommending the use of colour Doppler to 
investigate any cerebral cystic lesions. Post-natal MRI and 

angiography can be useful, fast, and non-invasive tools to 
confirm the presence of cerebrovascular lesions and pAVFs. 
Indeed, almost all cases of arterial aneurysms described in 

Fig. 2   Follow-up brain MR scans: a, b T1- and T2-weighted images 
at 14 days showing complete thrombosis of the pouch. c A time-of-
flight MR angiography shows disappearance of the vascular flow in 

the feeding vessels. d A further follow-up scan after 2 months dem-
onstrates shrinking of the pouch



797Child's Nervous System (2023) 39:793–799	

1 3

Ta
bl

e 
1  

C
as

e 
re

po
rts

 a
nd

 c
as

e 
se

rie
s o

f r
ev

ie
w

 o
f l

ite
ra

tu
re

 a
bo

ut
 p

ia
l a

rte
rio

ve
no

us
 fi

stu
la

 in
 n

ew
bo

rn
s a

nd
 in

fa
nt

s

M
 m

al
e,

 F
 fe

m
al

e,
 C

T 
co

m
pu

te
d 

to
m

og
ra

ph
y,

 M
RI

 c
er

eb
ra

l m
ag

ne
tic

 re
so

na
nc

e

St
ud

y
Ye

ar
 o

f 
pu

bl
ic

at
io

n
N

o.
 o

f 
pa

tie
nt

s
Se

x
A

ge
C

lin
ic

al
 p

re
se

nt
at

io
n

IA
 lo

ca
tio

n
D

ia
gn

os
is

H
ae

m
or

rh
ag

e
Tr

ea
tm

en
t 

m
od

al
iti

es
O

ut
co

m
es

M
ae

jim
a 

et
 a

l. 
[9

]
20

18
1

M
A

t b
irt

h
C

on
ge

sti
ve

 h
ea

rt 
fa

ilu
re

, r
es

pi
ra

to
ry

 
di

str
es

s

R
ig

ht
 P

AV
F

M
R

I, 
an

gi
og

ra
ph

y
X

En
do

va
sc

ul
ar

 tr
ea

t-
m

en
t

Ri
gh

t c
er

eb
ra

l 
he

m
isp

he
re

 a
tro

ph
y,

 
he

ar
t f

ai
lu

re
, r

es
pi

r-
at

or
y 

in
su

ffi
ci

en
cy

, 
an

d 
fin

al
ly

 d
ea

th
Pe

di
ce

lli
 e

t a
l. 

[4
]

20
17

1
M

A
t b

irt
h

N
o 

on
e 

(p
re

na
ta

l 
de

te
ct

io
n 

of
 a

 
ce

re
br

al
 le

si
on

)

R
ig

ht
 fr

on
ta

l P
AV

F
M

R
I, 

an
gi

og
ra

ph
y

X
En

do
va

sc
ul

ar
 tr

ea
t-

m
en

t, 
su

rg
er

y
N

or
m

al
 d

ev
el

op
m

en
t

M
ar

tın
ez

-P
ay

o 
et

 a
l. 

[1
4]

20
17

1
M

Pr
e-

na
ta

l o
ns

et
Ce

re
br

al 
ve

nt
ric

ul
o-

m
eg

aly
, c

ar
di

o-
m

eg
aly

H
ig

h-
flo

w
 P

AV
F,

 
co

nn
ec

te
d 

to
 

th
e 

le
ft 

m
id

dl
e 

ce
re

br
al

 a
rte

ry

Fo
et

al
 u

ltr
as

ou
nd

, 
M

R
I

X
N

o 
on

e
Sp

on
ta

ne
ou

s 
in

tra
ut

er
in

e 
fo

et
al

 
de

at
h 

oc
cu

rr
ed

 
at

 3
0 

w
ee

ks
 o

f 
pr

eg
na

nc
y

K
ra

ne
bu

rg
 e

t a
l. 

[1
0]

20
14

1
M

36
 d

ay
s o

ld
In

co
ns

ol
ab

le
 c

ry
in

g,
 

ep
iso

de
s o

f s
tiff

en
-

in
g 

of
 li

m
bs

 a
nd

 
ar

ch
in

g 
of

 th
e 

ne
ck

, 
sh

oc
k

PA
V

F 
su

pp
lie

d 
by

 
a 

br
an

ch
 o

f t
he

 
rig

ht
 M

CA
 w

ith
 a

 
la

rg
e 

an
eu

ry
sm

H
ea

d 
C

T,
 M

R
I

IV
H

 w
ith

 h
yd

ro
-

ce
ph

al
us

En
do

va
sc

ul
ar

 tr
ea

t-
m

en
t

N
or

m
al

 d
ev

el
op

m
en

t

C
oo

ke
 e

t a
l. 

[1
3]

20
12

1
F

9 
m

on
th

s
D

ev
el

op
m

en
ta

l d
el

ay
, 

he
ar

t f
ai

lu
re

 a
t 

pr
es

en
ta

tio
n;

 la
te

r, 
vo

m
iti

ng
, l

os
s o

f 
co

ns
ci

ou
sn

es
s

PA
V

F 
in

 a 
di

la
te

d 
rig

ht
 b

as
al

 v
ei

n 
of

 
Ro

se
nt

ha
l, 

su
p-

pl
ie

d 
by

 p
os

te
rio

r 
te

m
po

ra
l c

ho
ro

id
al

 
br

an
ch

es
 o

f t
he

 
po

ste
rio

r c
er

eb
ra

l 
an

d 
m

id
dl

e a
rte

ry

A
ng

io
gr

ap
hy

IV
H

 w
ith

 h
yd

ro
-

ce
ph

al
us

En
do

va
sc

ul
ar

 tr
ea

t-
m

en
t

N
or

m
al

 d
ev

el
op

m
en

t

Zu
cc

ar
o 

et
 a

l. 
[3

]
20

10
2

F/
M

6 
m

on
th

s/
10

 m
on

th
s

H
yd

ro
ce

ph
al

us
, 

de
ve

lo
pm

en
ta

l 
de

la
y,

 c
ut

an
eo

us
 

an
gi

om
a/

lo
w

er
 

lim
b 

as
ym

m
et

ry
, 

cu
ta

ne
ou

s a
ng

io
m

a

Le
ft 

fro
nt

al
 P

AV
F/

 
D

6—
sa

cr
um

 
PA

V
F

H
ea

d 
C

T,
 M

R
I/

M
R

I
X

Su
rg

ic
al

 re
se

ct
io

n/
 

en
do

va
sc

ul
ar

 
tre

at
m

en
t

D
ev

el
op

m
en

ta
l d

el
ay

, 
sh

un
t/c

om
pl

et
e 

re
co

ve
ry

Za
re

en
 e

t a
l. 

[8
]

20
10

1
F

3 
m

on
th

s
N

o 
on

e
le

ft 
ch

or
oi

da
l a

rte
ry

 
an

d 
di

la
te

d 
ba

sa
l 

ve
in

H
ea

d 
C

T,
 M

R
I

X
En

do
va

sc
ul

ar
 tr

ea
t-

m
en

t
N

or
m

al
 d

ev
el

op
m

en
t

Po
tte

r 
et

 a
l. 

[1
5]

20
09

1
M

A
t b

irt
h

Re
sp

ira
to

ry
 d

ist
re

ss
, 

he
ar

t f
ai

lu
re

H
ol

oh
em

is
ph

er
ic

 
pi

al
 a

rte
rio

ve
no

us
 

m
al

fo
rm

at
io

ns

H
ea

d 
C

T
X

En
do

va
sc

ul
ar

 tr
ea

t-
m

en
t

Pa
rti

al
 re

co
ve

ry
 w

ith
 

le
ft 

he
m

ip
ar

es
is

W
eo

n 
et

 a
l. 

[1
6]

20
04

26
19

 M
/7

F
Fr

om
 b

irt
h 

to
 

12
 m

on
th

s
H

ea
rt 

fa
ilu

re
 (1

5)
, 

m
ac

ro
cr

an
ia

 (5
), 

ep
ile

ps
y 

(5
), 

as
ym

pt
om

at
ic

 (1
)

Su
pr

at
en

to
ria

l 
lo

ca
liz

at
io

n,
 n

o 
m

or
e 

de
ta

ils

H
ea

d 
C

T,
 M

R
I

IC
H

 (4
), 

SA
H

 (1
)

En
do

va
sc

ul
ar

 
tre

at
m

en
t (

23
)/ 

no
 

tre
at

m
en

t (
3)

N
eu

ro
lo

gi
ca

l d
ef

ec
ts

 
(2

), 
de

ve
lo

pm
en

ta
l 

de
la

y 
(2

), 
(d

at
a 

ar
e 

un
co

m
pl

et
e)



798	 Child's Nervous System (2023) 39:793–799

1 3

the literature so far were diagnosed or confirmed by MRI 
and/or angiography after an antenatal suspicion or after a 
typical clinical presentation [3, 4, 8–10, 13–16].

DSA in newborns should be performed mainly in the case 
of a life-threatening condition to address a complete or par-
tial occlusion of the AV shunt. The possibility of obtaining 
detailed diagnostic information on the vascular lesion and 
the surrounding tissues by means of DSA was rejected in 
our case in consideration of the low weight of the baby that 
allowed only a very small amount of contrast to be used. 
Additionally, the steal phenomenon caused by the AV shunt 
often prevents a detailed assessment.

Both surgical and endovascular approaches can be used to 
control the AV shunt. In recent years, thanks to technological 
improvements and the growing experience of neuroradiolo-
gists, endovascular techniques have gained a more important 
role in treating AV shunts, even in children and newborns 
[16]. Therefore, the risks and benefits of both endovascular 
and surgical approaches must be carefully considered, and 
a case-by-case evaluation should be adopted.

The most relevant feature of our case was the occurrence 
of a spontaneous thrombosis of the lesion with a good out-
come despite the early onset. This favourable course of the 
disease was the ideal one among the 3 hypothesized during 
the multidisciplinary meetings. The other possible outcomes 
were, in fact, the progressive growth of the lesion and the 
haemorrhagic rupture of the venous pouch. The “wait-and-
see” approach was weighed against the option of an endo-
vascular approach, and the decision was guided by the age 
of the patient and the absence of clinical symptoms related 
to the lesion. These benefits were considered to be greater 
than the risk of the procedure.

The clinical stability of the patient radically changed the 
management plan, with no further need for invasive pro-
cedures. So far, no clear explanation for this phenomenon 
could be proposed.

Given the rarity of the condition, an international data-
base of newborns affected by AV shunts in the first 28 days 
of life could help in delineating a standardized manage-
ment of these vascular malformations according to GW and 
weight. A multidisciplinary operational framework is sug-
gested, which needs to take into account the chance of a 
positive outcome without any treatment.

Conclusion

Intracranial vascular malformations are rare conditions in 
the neonatal population. Few data in preterm infants and 
no standardized management and therapeutic protocols are 
available. This case of unexpected spontaneous thrombosis 
of a cerebral pial arteriovenous fistula in a preterm neonate 
represents an unusual event. An international collaboration 

to collect data of affected patients may be useful in the fur-
ther development of shared guidelines.
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