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ABSTRACT
Congenital intracranial pial arteriovenous fistulas (AVFs) are rare cerebrovascular
lesions. Their clinical manifestations tend to vary according to age, with pediatric
populations being more likely to have symptoms like congestive cardiac failure and
seizures because of arteriovenous shunting; hemorrhage is the major presentation
in adult populations. Pediatric populations, especially newborn infants, seldom ex
perience a hemorrhagic event. Here, we report two rare cases of neonates with con
genital pial AVF presenting as intraventricular and subdural hemorrhage, respec
tively, which were treated with endovascular embolization.
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INTRODUCTION
Intracranial pial arteriovenous fistulas (AVFs) are rare vascular lesions of the brain, and
have distinct angioarchitectural characteristics, consisting of single or multiple arterial
feeders and a drainage vein without an intervening nidus. AVFs account for 1.6-8.4% of all
intracranial vascular malformations1-3) and represent approximately 4% of pediatric cere
bral vascular malformations4).
Clinical presentations of pial AVFs vary according to age, with pediatric populations
being more likely to have symptoms like high-output cardiac failure and seizures because
of arteriovenous shunting, whereas hemorrhage is the major presentation in adult pati
ents. Pediatric patients, especially newborn infants, seldom experience a hemorrhagic
event3,5).
This report describes two unusual cases of newborn infants with intracranial pial AVFs
who presented with brain hemorrhage and were treated with endovascular embolization.
To our knowledge, this is the first case report of pial AVFs presenting with intracranial
hemorrhage (ICH) in newborn infants in Korea.
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pial AVF with an intact transverse sinus (Figure 1C). After 2
weeks, the patient underwent insertion of a ventriculoperitoneal

1. Case 1

(VP) shunt and was discharged. A CT scan of the brain perform

A 22-day-old male infant was transferred to the emergency

ed 1 month later showed a resolved IVH with stable ventricular

department in our hospital after an episode of sudden vomiting.

dimensions. On 7-month follow-up, his Bayley Scales of Infant

The infant had been uneventfully delivered from a healthy mo

Development-II (BSID-II) showed a Mental Development In

ther at 39 weeks gestational age, weighing 3.2 kg. Initial blood

dex (MDI) of 39 and Psychomotor Development Index (PDI) of

pressure was 83/48 mmHg, with a heart rate of 152 beats per

26, which indicated the developmental status of a 3 month old.

minute and respiratory rate of 40 breaths per minute. There was

The Gross Motor Function Measure (GMFM) score was 14.6%,

no history of trauma, and neurological examination was nor

which represents category IV, or significant delay.

mal. However, physical examination revealed a pale appearance
with a bulging anterior fontanel. There was no cardiac murmur.

2. Case 2

His initial hemoglobin level was 7.7 g/dL, and computed tomo

A 30-day-old female infant presented to the emergency

graphy (CT) scan of the brain revealed an extensive intra

department after 2 hours of repeated apnea lasting nearly 10

ventricular hemorrhage (IVH) with hydrocephalus (Figure 1A).

seconds and recurring every 3 to 5 minutes. She demonstrated

Emergent bilateral frontal external ventricular drain (EVD)

sudden breath-holding episodes with cyanosis and showed

insertion was performed. A subsequent brain CT and angio

upward eyeball deviation with stretching of both upper limbs.

gram demonstrated an AVF with a large aneurysmal dilatation

The baby had been born at 36 weeks of gestation, weighing 3.2

of the drainage vein. Digital subtraction angiography (DSA)

kg, and had no history of head trauma. Her chest radiograph

revealed a pial AVF feeding from branches of the left posterior

showed a normal sized heart and clear lung parenchyma.

cerebral artery (PCA) and draining into a dilated venous pouch

Emergent brain CT performed for the evaluation of the seizure-

which had a stenotic connection to the transverse sinus (Figure

like movements confirmed a subdural hemorrhage (SDH) in

1B). The patient subsequently underwent endovascular emboli

the right frontoparietal region with a large hypodense structure

zation. After distal selection of the largest left PCA feeder with a

with internal mixed vascularity at the right occipital lobe, which

microcatheter, 85% glue embolization was performed. A post

was thought to be a vascular malformation (Figure 2A). Right

embolization angiogram showed some fistula remains; another

internal carotid artery angiography identified a pial AVF feeding

left PCA feeder was selected and underwent 20% glue emboli

from the right PCA and draining to a dilated venous pouch,

zation. A final angiogram showed complete occlusion of the

with a stenotic connection to the superior sagittal sinus (Figure

Figure 1. Findings from a 22-day-old male neonate presenting with a sudden episode of vomiting. (A) Initial computed
tomography (CT) scan showing an extensive intraventricular hemorrhage with hydrocephalus. (B) Lateral projections
of left vertebral angiography show a high-flow pial arteriovenous fistula fed by the left posterior cerebral artery and
draining into a dilated venous pouch, which had a stenotic connection to the transverse sinus. (C) Lateral projections of
postembolization left vertebral angiography showing complete occlusion of the pial arteriovenous fistula with an intact
transverse sinus.
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Figure 2. Findings from a 30-day-old female neonate presenting with breath-holding episodes and seizure-like move
ments. (A) Initial computed tomography scan showing a subdural hemorrhage in the right frontoparietal region, and a
hypodense structure with internal mixed vascularity in the right occipital lobe. (B) Lateral projections of right internal
carotid angiography revealing a pial arteriovenous fistula (AVF) feeding from the right posterior cerebral artery and
draining into a dilated venous pouch, with a stenotic connection to the superior sagittal sinus. (C) Lateral projections of
right internal carotid angiography showing near complete occlusion of the pial AVF, with an occluded posterior cerebral
artery feeder but an intact middle cerebral artery and fine branch feeders.

2B). Concomitant embolization was attempted. After distal

quent occurrence and the absence of a specific classification

selection of the right PCA feeder, it was coiled for flow reduction

category. Advances in angiography, however, have allowed the

and a 90% glue embolization was performed. A final angiogram

distinction of pial AVF presenting as an abrupt transition from

showed near complete occlusion of the pial AVF, with an

the arterial feeder(s) to the draining vein, without the plexiform

occluded PCA feeder but intact middle cerebral artery and fine

nidus of a typical AVM. The prevalence of pial AVFs can be

branch feeders (Figure 2C). The infant tolerated the procedure

estimated at 0.1-1/100,000, of which the majority of cases are

well and was discharged two weeks later after an ultrasound

diagnosed in the second and third decades of life. In children,

exam that confirmed no newly developed hemorrhage but only

they may present between the ages of 3 and 15 years. Pial AVF,

an echogenic lesion, which was a thrombus-filled AVF without

however, is rarely seen in newborn infants. Although little is

definite vascularity. At the 3-month follow-up examination,

known regarding its etiology, it is believed that abnormal angio

brain magnetic resonance imaging showed a venous pouch of

genesis and associated vascular growth factors, as well as

decreased size, with an inner thrombus and nearly resolved

embryological missteps, may play a role in the formation of

SDH on the right. Two years later, a brain CT scan showed fur

congenital pial AVFs6).

ther reduction in the size of the pouch, and the hemorrhage

The natural history of pial AVFs is also largely unknown due

had completely resolved. However, encephalomalacic changes

to its rarity, especially in pediatric populations. According to

of the right parietotemporal-occipital lobes led to left spastic

previous reports, several distinctions have been made between

hemiplegia. Although she did not show any definite impairment

the clinical features of pial AVFs in pediatric and adult popula

on vision and auditory testing, the Gross Motor Function Mea

tions. The pediatric type has a high percentage of symptoms

sure-88 (GMFM-88) score assessed at corrected age of 3 years

related to shunting effects, such as congestive heart failure and

and 5 months was 86.7%, and the Modified Barthel Index (MBI)

seizures, and mass effects like macrocrania, headaches, and

score was 30, indicating severe dependence for daily activities.

focal neurological deficits. On the other hand, the adult type
usually presents with hemorrhage7,8). In addition, the clinical
presentation of pial AVFs tends to vary by age in pediatric

DISCUSSION

patients. Hetts et al.5) showed that this heterogeneous disease
entity could be divided into two groups, based on the onset of

Earlier, pial AVFs were often grouped with arteriovenous mal

presentation at the age of 2 years. The study demonstrated

formations (AVMs) in the clinical literature due to their infre

angio
architectural findings according to age, with younger
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children being more likely to harbor large, complex, multi-hole

comes of pial AVFs between infants and older children reported

AVFs (which is consistent with the findings in our report) that

that the procedural complication rate was higher in infants, as

have high-flow arteriovenous shunting and consequent venous

high as 60%5,8). An overall mortality rate near 17% in infants

dilatation. On the contrary, older children were more likely to

treated for pial AVFs has been reported9). Despite these diffi

5)

have a single-hole pial AVF and decreased incidence of venous
7)

culties, much literature recommends the urgent management

varices . In a previous study, venous dilatation was found to be

of pial AVFs in newborns and infants, even when asymptomatic,

highly correlated with a decreased risk of hemorrhage; it was

considering the unfavorable natural history of the fistula12,16,17).

postulated that this dilatation might exert a buffer effect for

In our report, the patients tolerated the procedure well, but went

7)

tolerating high arterial pressure . Given this finding, intrac

through neurological sequelae due to the initial intracranial

ranial hemorrhage in newborn infants is reported to be espe

hemorrhage.

cially rare3,5,8,9).

In conclusion, since pial AVF has a poor natural history and

This report describes rare cases of newborn pial AVFs pre

possesses significant morbidity and mortality secondary to

senting as spontaneous ICH. As previously noted, younger age

rupture and bleeding, a prompt angiographic assessment and

or the presence of ICH at presentation may signify an unfa

treatment is necessary in newborn infants. This report highlights

8)

vorable prognosis in AVFs . Clearly, patients who presented

the importance of considering the rare disease entity of pial AVF

with ICH had a higher mortality rate than those without ICH.

as a cause of spontaneous intracranial hemorrhage in newborn

Younger age at diagnosis is also assumed to be a potential indi

infants.

cator of increased mortality. A superimposed hemorrhage on
the vulnerable brain and immature hydrovenous system of
newborn infants may clearly result in even worse outcomes.
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