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c Department of Neonatology, University Hospital Merkur, Zagreb, Croatia 
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A B S T R A C T   

Vein of Galen aneurysmal malformation (VGAM) is a rare vascular anomaly originating during embryonic 
development, specifically between the 6th and 11th weeks of gestation. This malformation results from abnormal 
arteriovenous connections between primitive choroidal arteries and the median prosencephalic vein (MPV) of 
Markowski. Typically, the MPV regresses by the 11th week, but in VGAM, this regression is hindered, leading to 
persistent abnormal flow and the formation of arteriovenous shunts. We present a case of successful prenatal 
detection, as well as a comprehensive literature review that summarizes current knowledge, emphasizes the 
importance of prenatal detection, detailed imaging techniques, understanding clinical presentations, and outlines 
treatment options. Prenatal detection, crucial for early intervention, has become feasible through ultrasonog-
raphy and MRI. Fetal MRI has emerged as the gold standard, offering detailed insights into arterial feeders, nidus 
presence, fistula position, venous drainage, and potential complications. The clinical presentation of VGAM 
varies with age, and neonates diagnosed in utero may exhibit signs of high-output cardiac failure. Early detection 
is critical for timely intervention, as untreated VGAMs often result in high mortality rates. Prognosis depends on 
the severity of heart failure, the number of arteriovenous shunts, and the presence of accompanying fetal ab-
normalities. Various imaging modalities, including CT angiography and digital subtraction angiography (DSA), 
aid in the assessment and treatment of VGAM. DSA remains the gold standard for evaluating angioarchitecture 
and guiding endovascular interventions. The optimal treatment for VGAM is transarterial embolization, offering 
significant improvements in prognosis. Surgical interventions are limited due to high morbidity and mortality. 
Management decisions should consider the balance between minimizing neurological damage and achieving 
maximum embolization effectiveness.   

Introduction 

The vein of Galen malformation (VGAM) is an intracranial anomaly 
and a rare form of embryonic arteriovenous shunt located in the midline 
in the choroidal fissure. It is a multifaceted, particularly complex and 
high-flow arteriovenous abnormality with complicated vascular archi-
tecture. Roughly 29% of VGAMs are diagnosed in utero, normally first 
identified by fetal ultrasound [1]. Ultrasound imaging plays an imper-
ative role in the diagnosis of VGAMs, typically either at third trimester 
prenatal ultrasound or in the neonatal period with transcranial Doppler 

ultrasound. Other imaging modalities include fetal echocardiography 
and fetal brain MR imaging. A timely diagnosis throughout the prenatal 
period is of uttermost importance because the large shunting of blood 
within the fetal brain often results in a substantial steal of blood, which 
can later lead to perinatal death owing to cardiac failure and hydrops. 
The vein of Galen malformation has generally a male predominance. Its 
incidence is about 1 in 3 million population, and it represents less than 
1% of the fetal cerebral AV malformations [2,3]. The first reported case 
of a VGAM was published in 1937 [4]. In most cases it is isolated, 
although there are cases in which it is found alongside cardiac anomalies 
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or cystic hygroma [5]. VGAM consists of numerous feeding arteries, 
predominantly the anterior and posterior choroidal arteries and the 
anterior cerebral artery which are draining straight into a distended 
venous sac. Treatment is reliant on the timing of presentation and 
clinical manifestations. With the improvement of endovascular tech-
niques, treatment standards have changed, and clinical outcomes have 
improved considerably. 

Case report 

A 28-year-old pregnant Caucasian woman (gravida 2, para 1) un-
derwent serial regular fetal growth check-ups at a primary centre, 
including anomaly scan, up until 30 weeks of gestational age (GA). 
Pregnancy was uneventful. She was then transferred to our institution 
for further regular growth check-ups. Her past medical history was un-
remarkable, there weren’t any known diseases in her family history. Her 
first child had Down syndrome, undetected during pregnancy. Regular 
ultrasound at our institution at 33 weeks of gestation demonstrated a 20 
mm anechoic midline structure within the fetal brain containing 
prominent vascular flow on Doppler examination (Fig. 1.). The brain 
parenchyma and ventricular size were normal. Fetal ultrasound recon-
firmed the anomaly by colour Doppler sonography as vascular in nature. 
Platelet antigen testing and TORCH titres were negative. Amniocentesis 
showed a normal male karyotype. Diagnosis was definite by fetal mag-
netic resonance imaging. Fetal magnetic resonance (MR) images 
demonstrated a 21 mm mass within the fetuses quadrigeminal plate 
cistern that matched to the sonographic abnormality (Figs. 2. and 3). 
The parents were suggested full specialist consultation comprising of a 
perinatology specialist, paediatric neuroradiologist and an intensivist to 
improve perinatal management. Serial follow-up examinations were 
implemented weekly to monitor the cardiovascular status of the fetus, 
which stayed stable. A vigorous male baby was born by a scheduled C- 
section at 38 + 5/7 weeks of GA, birth weight and length 2880 g and 47 
cm respectively. Immediately after birth the newborn was admitted to 
the neonatal intensive care unit (NICU) of a tertiary care centre. The 
identification of VGAM was confirmed by postnatal transfontanelle so-
nography. Multiple interventional radiology embolization of the feeding 
vessels was performed successfully. The child was later released from 
hospital. In the forthcoming months the child underwent a series of 
treatments, including a one more embolization. His neurological and 
intellectual development showed no abnormality. Today he is a healthy 
5-year-old without sequalae. 

Discussion and literature review 

Definition and anatomy 

The basic knowledge of embryology underlying the formation of the 
normal deep cerebral venous system is necessary to understand the 
formation of Vein if Galen aneurysmal malformation since the first ac-
curate description of VGAM by Raybaud and co-workers [6,7]. VGAM 
grows between the 6th and 11th weeks of gestation. It is a consequence 
of an abnormal arteriovenous connection between primitive choroidal 
arteries and the median prosencephalic vein (MPV) of Markowski, a 
predecessor to the vein of Galen [2,8]. Typically, by the 11th week of 
gestation the MPV retreats. The perseverance of this connection between 
those structures has an abnormal persistent flow through the MPV and 
that obstructs its normal involution [7]. Moreover, anomalous flow 
prevents the formation of the vein of Galen and leads to the appearance 
of some abnormal arteriovenous shunts. Consequently, development of 
VGAMs may be considered as a mistake in the early stage of vasculo-
genesis [9]. The normal development of the vascular cerebral system is 
created in 3 phases: stage I prechoroidal, stage II prechoroidal, and stage 
III choroidal [2]. The cerebral vascularization in the choroidal stage is 
formed from the choroidal arteries, and the venous drainage is ensured 
by Markowski median vein. The anterior section of Markowski vein 
degenerates while the posterior section of the Markowski vein will 
persevere and is then named the Galen vein. For an unknown reason, the 
creation of some arteriovenous shunts causes the anterior segment of the 
Markowski vein not to degenerate. Consequently, that anterior segment 
dilates and widens so these sutures drain in the vein of Galen [8,10]. 
Typically, there are 2 groups of VGAM angioarchitecture. They were 
first defined by Lasjaunias - he divided them into choroidal and mural Fig. 1. Colour Doppler ultrasound of transtalamic section thorugh given 

malformation. 

Fig. 2. Magnetic resonance imaging (transversal section) of transtalamic sec-
tion thorugh given malformation. 

Figure 3. Magnetic resonance imaging (sagital section) of transtalamic section 
thorugh given malformation. 
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subtypes [11]. Choroidal VGAMs have numerous choroidal arterial 
feeders, which shape a nidus and then connect to the enlarged MPV. The 
vascular steal occurs because of these multiple arteriovenous shunts 
amongst the vein of Galen and the choroidal arteries. They cause the rise 
in blood returning to the heart at the level of cerebral cortex. Later it 
becomes an overload of the right heart and causes a gradual heart 
decompensation. If the right heart decompensation occurs, it often leads 
to a progressive hydrops [5,8]. The VGAM abnormality also causes some 
secondary cerebral consequences, because of both the phenomenon of 
cerebral vascular steal and the mass effect. Secondary consequences 
provoked by continuous rise of flow can be seen on both the arterial and 
venous sides of a VGAM. Expanded arteries can display sinuosity and 
can be related to arterial aneurysm and/or steno-occlusive disease. 
Similarly, the dural sinuses involved in VGAM drainage can become 
stenotic or occluded, with redistribution of venous flow into cortical 
veins. Both of those can lead to cerebral ischemia, hydrocephalus and 
leukomalacia [12]. Mural subtype VGAM is a direct arteriovenous shunt. 
This network is usually located in the quadrigeminal cistern and results 
in a less significant blood flow increase. It has late medical symptom-
atology in the extrauterine life and is related to a minor level of heart 
failure [6]. The choroidal VGAM is more frequently seen and correlates 
with a worse prognosis [13]. The type of shunt existing in a VGAM de-
fines its clinical presentation and has consequently been used to propose 
several VGAM classifications [3,11]. 

Imaging 

Nearly 29% of VGAMs are detected prenatally, in utero [1,14]. 
Before the introduction of sonography, neonates with VGAM generally 
had heart failure of “unknown” aetiology, and the accurate diagnosis 
was made only at the time of fatal cardiac failure or post-mortem. 
Nowadays, the prenatal identification of this abnormality is made by 
2D ultrasonography, pulsed Doppler, colour mapping, 3D Doppler so-
nography, and most importantly MRI. Usually, it is first discovered by 
fetal ultrasonography from about 25 weeks’ GA (most frequently at the 
end of the second trimester and the beginning of the third trimester of 
pregnancy) [14,15]. 

Ultrasound 

Two-dimensional standard ultrasonography generally visualizes 
anechoic cystic midline brain lesions with turbulent vascular Doppler 
flow. Typically, the VGAM is located on the midline of the anterior wall 
of the third ventricle (the “comet tail” or “keyhole” sign). The addition of 
three-dimensional (3D) power Doppler ultrasound can differentiate 
more anatomical particulars. Also, this technique assists in spatial angle- 
independent visualization of blood vessels [16]. Prenatal detection of 
VGAM has advanced significantly using colour Doppler sonography, 
which is essential for discriminating this abnormality from other cystic 
lesions of the brain because the vein of Galen malformation is the only 
lesion that unmistakably shows blood flow within it. Fine Doppler ex-
amination of a VGAM can be made not only for diagnostic purposes but 
also to observe the hemodynamic aftermath of the treatment. Ultraso-
nographic cranial analysis can also reveal jugular vein distention and 
ventriculomegaly. Also, it can find signs of fetal heart failure (car-
diomegaly, ascites) which is caused by high blood flow in the arterio-
venous fistula. Associated prenatal sonographic features were present in 
76% of the fetuses, including cardiomegaly in 64%, jugular vein 
distention in 32%, and ventriculomegaly in 24% [16,17]. Fetal echo-
cardiogram is also an important part of the medical diagnosis, because 
VGAMs present a risk of high output cardiac failure. Sonographic 
confirmation of tricuspid valve insufficiency, supraventricular extra-
systoles or tachycardia implies poor outcome [17]. 

Magnetic resonance imaging (MRI) 

In recent years fetal magnetic resonance imaging (MRI) has become 
the golden standard and it is superior to Doppler ultrasonography in the 
diagnosis of VGAM [18]. The adjoining anatomy can be superiorly 
analysed with the use of MRI in the fetus. Magnetic resonance imaging 
can assess the number and type of arterial feeders, it can detect existence 
of any nidus, the exact fistula position, evaluate venous drainage and 
identify venous thrombosis [18]. Also, it allows evaluation of any pre-
vious impairment due to secondary repercussions to the brain. It detects 
cerebral ischemic areas, cerebral atrophy, third ventricle or aqueduct 
compression which is important because damage from venous conges-
tion and anomalous cerebral spinal fluid (CSF) flow may preclude 
aggressive management [19]. A definite degree of irreversible cerebral 
damage is essential for both therapeutic decision-making and prognosis 
evaluation [20]. There are some restrictions of fetal MRI. It can’t eval-
uate the blood-flow spectrum of arteriovenous fistula. Also, it cannot 
evaluate the fetal cardiac function which is correlated to the prognosis 
[20]. 

Other methods 

CT angiography has a vast prospective for the assessment of cere-
brovascular pathology affecting neonates and infants. Although not as 
precise as conventional catheter angiography, CT angiography is non- 
invasive and offers more comprehensive vascular data than sono-
graphic and MR techniques [21,22]. 

Digital subtraction angiography (DSA) remains the gold standard 
technique for the evaluation and more importantly treatment of the 
cerebrovascular system, which is described later. Only DSA offers ac-
curate evaluation of the VGAM angio-architecture and provides 
approach to endovascular management of the malformation [11]. DSA 
specifics the fine anatomy of the arterial feeders in terms of number, 
origin and size, and identifies accompanying vascular anomalies. 

Fetal imaging 

With a study of previous literature, the ultrasonography remains the 
most common technique of diagnosis, but both ultrasound and MRI were 
used to diagnose fetal VGAM [23]. The diagnosis of VGAM by ultra-
sound combined MRI was rarely reported. More frequently VGAMs are 
identified after birth [18]. Postnatal verification is made by means of 
transfontanellar ultrasonography, MRI, angiography, computed to-
mography [14]. The existing literature generally contains only case re-
ports, due to the rarity of the VGAM. 

Clinical presentation 

The clinical presentation has a tight relationship between the age of 
neonates or infants at the time presentation and the angioarchitecture 
and hemodynamic characteristics of the VGAM [24]. Neonates diag-
nosed in utero may already exhibit signs of cardiac failure prior to de-
livery. The volume overload imposed by a VGAM with high-flow shunts 
is such that it can promptly cause cardiovascular and respiratory fail-
ures. Most of the cases (94%) diagnosed in the neonatal period will 
therefore present with high-output cardiac failure [24]. In the past, 
before the access to endovascular treatment, the mortality rate for this 
group was close to 100% [24]. Repeatedly, if the VGAM was not diag-
nosed in utero, delivery and the first 24 h of neonates are often unre-
markable. Larger VGAMs may then show rapid deterioration in clinical 
status with rapidly deteriorating cardiac failure leading on to multi-
organ failure [24]. The decreased resistance and high blood flow in the 
lesion cause the high-output heart failure in the neonates [24,25]. Initial 
investigations seek a cardiac cause for the high output failure, but when 
all the cardiac examinations are within the normal range, trans-
fontanellar ultrasound will discover the VGAM [19,26]. Other than 
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cardiac failure, a brain haemorrhage from the malformation can occur. 
Accompanying findings with VGAM feature cerebral ischemic changes 
[27]. Also, the VGAM may result in mass effects, initiating progressive 
neurological damage. Lastly, it may cause obstruction of the cerebro-
spinal fluid (CSF) drainage and formation of hydrocephalus, resulting in 
increased head circumference and/or seizures. Other symptoms may 
incorporate cranial bruit, enlarged scalp veins (most often in the peri-
orbital region) and recurring epistaxis [1,12]. Older children frequently 
have a headache that may be concomitant with subarachnoid haemor-
rhage. Gold et al. found that subarachnoid haemorrhage occurred in 10 
of the 13 patients belonging to this age category [28]. Late diagnosis in 
asymptomatic patients is more often seen because of the widespread use 
of MR imaging. In such instance, the VGAM is typically small, and the 
amount of arteriovenous shunt limited. 

Prognosis 

The prognosis and outcome of VGAMs varies upon two factors. Pri-
mary factor is the gravity of heart failure, which is directly associated to 
the number of arteriovenous shunts [29]. Prenatal ultrasonographic 
signs such as polyhydramnios, tricuspid insufficiency, pericardial and 
pleural effusion, cardiomegaly and ascites indicate heart failure and an 
intractable high-flow anomaly, so the prognosis is worse [25]. The 
secondary prognostic factor is the number of accompanying anomalous 
fetal disorders. Additional fetal abnormalities have a poorer prognosis, 
whereas isolated fetal VGAM frequently demonstrates a better prognosis 
[26]. There is no evidence on the optimal methods for delivering these 
neonates [29]. However, it is suggested that delivery ought to take place 
at a tertiary care centre with specialists in perinatology, pediatric car-
diology, pediatric neuroradiology and neurosurgery. 

Differential diagnosis 

Once abnormal vessels are identified, there is usually little diagnostic 
uncertainty, with the only two entities to be considered being arterio-
venous malformation or vascular intracranial tumour. Arteriovenous 
malformations (AVMs) are characterized by an abnormal leash of vessels 
allowing for arteriovenous shunting [1]. They can occur anywhere in the 
body but are most common in the brain. There is direct arteriovenous 
communication with no intervening capillary bed. They can be 
congenital or acquired. 

Treatment 

Transarterial embolization is the supreme mode and golden standard 
of management of VGAMs [12,30]. The endovascular therapy has 
radically changed the treatment and prognosis of VGAM patients [31, 
32]. The objective of embolization is to allow maturation of the vascular 
system by decreasing flow through the shunt. Surgery plays little role in 
VGAM management because of its high morbidity and mortality. Evi-
dence suggests that patients who are treated with embolization before 
substantial neurological damage has occurred have a good prognosis 
[33]. Lasjaunias et al. have shown that management at 5 months results 
in the best equilibrium of minimal possibility of cerebral maturation 
delay and maximum effectiveness of embolization [11]. If there are signs 
of cardial decompensation, patients are given diuretics to decrease 
cardiac preload and are closely monitored for clinical decompensation 
[9,11]. If cardiac failure is refractory to therapy, embolization may be 
performed sooner [34]. Transvenous method can be used if transarterial 
approach is deemed impossible, however it is related to a greater risk of 
haemorrhagic complications and poorer success rates [35]. Complete 
angiographic treatment is not necessary; reduction by 30% to 50% of the 
shunt has been shown to result in substantial systemic effect [30,36,37]. 

Conclusion 

Vein of Galen aneurysmal malformation is a rare abnormality of the 
central nervous system, with an even scarcer rate of prenatal detection 
and correct diagnosis. With today’s possibilities of modern diagnostic 
imaging used in perinatology (ultrasonography, Doppler, MRI), it should 
be recognized more often prenatally. Early recognition, along with 
regular check-ups, planned termination of pregnancy and immediate 
care of the patient during delivery, reduce potential complications and 
improve the clinical outcome. With the imaging techniques available 
today, it is possible to make a diagnosis in the early stages of pregnancy. 
In the presence of unclear anechoic inclusions in the central nervous 
system that deviates from the regular anatomical findings, it is necessary 
to suspect an aneurysm of the vein of Galen in the differential diagnosis. 
It is from our presentation of the case that we can see how with a timely 
diagnosis, a planned approach to the termination of pregnancy and 
immediate adequate multidisciplinary care of the patient, excellent 
long-term outcomes and results can be obtained. 
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