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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 VGAMSs 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].
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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+ 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*® 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.
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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*> 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-
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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



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

795

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

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

@ Springer

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

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



797

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

90UBUOSAI J1jouFew [BIqRIdD [y ‘Aydersowo) payndwod 7 ‘O[ewd) J ‘orewr

(212]dwooun

(1) onewoydwAse

a4p vIvp) () Kerop (¢) yuowiean S[rejop oW “(g) Asdaqida
reyuowdoraasp ‘(7) ou /(g7) yuaunean ou ‘uonezI[ed0| “(G) erueIdOIORW sypuowr 7|
§109Jop [E9150[0INAN Te[noseAopuy (1) HVS ‘() HOI AN LD PesH [erojuserdng ‘(S1) aanyrey 1resy oyprquoly  JL/N 61 9T 00T [91] e 10 uoapy
SUONRULIOJ[BUL
stsoredruwoy 1391 Juow snoudAorIo)re erd aIn[rey 11edy
M AI9A0DAI [eTlIRd  -1BAX) JR[NOSBAOPUH X 1D PeeH oLRYdSTWAYO[O  ‘ssansip Alojelidsay yuIq 1y W 1 600T [S1] 'Te 19 J9p04
UroA
Juow [eseq paje[Ip pue
JUAWdO[oAp [PWLION  -1BaI) JR[NISBAOPUH X TIIN ‘LD PeSH  AIQ)Ie [epIoIoyod 19 Quo oN syuour ¢ k| 1 010T [8] 'Te 10 udadaeyZ
'WOISUL SNOdULIND
‘KnowwAse quuip
Jomo[/ewordue
KI9A001 Jjuowjedn AAVd snooueInd ‘Ae[op
ardwoopunys IR[NOSBAOPUD TN wnes—oJg [eyuswdoroaap
‘Kefop [eyuowrdofoadg  /uonodsal [edISing X /TIN ‘LD PeeH  /AVd [e3u01) 3Jo] ‘snjeydecoIpAy  syiuow g/syruow 9 N/ 4 010z [¢] 're 10 oxeddnz
KIo)Ie Q[ppIu pue
[e1qa109 JoTI)Is0d
Y} Jo sayourIq
Teprooyp [erodu) SSQUSNOIOSUOD
Jousod Aq pargd JO sso[ ‘Sunruoa
-dns ‘Teqyuosoy ‘101e[ ‘uonjeyuasaxd
Juow snreydad JO uIdA [eseq Y3 Je aIn[rej 1eay
Juowdo[oAap [EWLION  -)BaI) Je[NOSBAOPUR -0IpAY yNm HAT KyderSorSuy paenp e ur JAVd  ‘Aefop Teiuswdororsq sypuour 4 a 1 7102 [€1] 'Te 19 300D
yooys
wsAIoue 93Ie]  “Yoou Ay} Jo SuryoIe
e Im YOIN WS pue squiry Jo Sut
Juaw snreydad Ay Jo youeiq © -uagns jo soposida [o1]
JuowdO[oAdp [BWLION  -)JBaI) Je[NOSBAOPUH -0IpAY yNm HAT TIN ‘1D PeeH  Aq porddns JAVd  ‘Sutkio sjqejosuoduy pIo skep 9¢ W I 102 *Ie 19 Sanqauery]
KoueuJoxd
JO syam ()¢ 1B KI91I0 [81Q2190
Pa1INd20 Yjeap S[ppIW 3J9[ oY) AreSow
[190] QULIAINENUT TN 0} PA)IUUOD -o1pIed ‘Afesaw [¥1] TR 3
snosuejuodg Quo ON X  ‘punosenin [e100] ‘JAVd moy-ySiH -O[NJLNUAA [RIqaI0D) J9sUO [elRU-21] W I L10T 0feJ-Zounaey
(UOIS9[ [21GAIAD
K1031ms uowr ® JO UOT}OA)P
Juowdo[oAdp [RULION  -JBaI) JB[NOSeAOpUH X  AydeiSoiSue ‘TN  AAVd [BIU0I) WYSTY [ereuaid) suo oN yuIq 1y W 1 L102  [¥] 'Te 39 [adIpag
yreap Aqreuy pue
‘Kouaroiynsur £10je
-1idsar ‘aInyrey 1reay SSansIp
‘Kydomne aroydsrwoy juowr K1oyexidsar ‘ornyrey
[e1qR100 YSIY  -1ean) JR[NOSBAOPUH X  Aydei3orue ‘TYN AAVd STy 1189y 2A1)SA3U0D) yMIq 1y W 1 8102  [6] Te 19 ewloey
sanIepowt syjwaned  wonedrqnd
sawodnQ JUDUNBIL]Y, JdSeyrrowCH sisougei(q uonedo] yI uonejudsaad fedrur) Ry p'eIN Jo "oN Jo xeax Apms

SJUBJUT PUE SUIOGMAU UT B[NISY SNOUAAOLId)IE [e1d Jn0qe 2InjeId)I] JO MATARI JO SOLISS ased pue syiodar ase) | djqel

pringer

a's



798

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

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

@ Springer

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