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List of Abbreviations 

EF extraction function 

EVT Endovascular treatment 

PCA Posterior cerebral arteries PCA  

HOCF High output cardiac failure  

NICU Neonatal intensive care unit  

DOL day of life 

LMWH Low molecular weighted heparin  

PFO Patent foramen ovale  

PDA Patent ductus arteriosus 

VGAM Vein of Galen aneurysmal malformation 

Abstract 

Background: Vein of Galen aneurysm malformations are rare, cerebrovascular malformations 

with high rates of morbidity and mortality. VGAM in neonates usually present with high-output 

cardiac failure (HOCF) and endovascular intervention became the gold standard of treatment.  

Case presentation: We report a term born infant with late prenatal diagnosis and respiratory 

distress after birth. Clinical deterioration progressed and endovascular treatment was performed. 

As a complication radiopaque embolic agents migrated to pulmonary arteries causing pulmonary 

hypertension with the clinical problem to differentiate between lung arterial embolism and HOCF. 

Management for pulmonary hypertension following endovascular treatment was initiated but 

challenging due to persistent elevated pulmonary pressure and the need for unusual management. 

At 4 month of age, secondary endovascular treatment was necessary and embolic agent was still 

detectable in both pulmonary arteries without clinical signs of pulmonary hypertension. 

Conclusion: Side effects due to endovascular treatment can complicate management of neonates 

suffering from VGAM and HOCF requiring modification of standard treatment. 

Keywords: Vein of Galen, AV Malformation, Pulmonary embolism, Endovascular Treatment, 

Newborn, Cardiac failure 
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Background 

Vein of Galen aneurysmal malformation (VGAM) is a rare cerebral vascular anomaly accounting for 1 out of 

25,000 deliveries with a predominance for males.1 In pediatric population, it is the most frequent arteriovenous 

malformation accounting for 30% of all vascular malformations.2 This high flow-low resistance malformation 

is characterized by the presence of multiple arteriovenous shunts, typically forming between the choroidal 

arteries and the embryonic precursor of the vein of Galen, known as the median prosencephalic vein of 

Markowski.3 This vein fails to regress between the 6th and 11th weeks of gestation.4 A genetic background 

has been identified, including mutations of RASA1 (RASp21 Protein Activator 1) and EPHB4 (Ephrin type-B 

receptor 4), genes encoding proteins involved in vascular development.5,6 In utero diagnosis is usually made 

in the third trimester and has increased to 73% with advances in antenatal ultrasound.7,8 Survival rate of 

neonates affected by VGAM is 60% when diagnosed prenatally but morbidity and mortality are still high 

despite a progressive, pathophysiological understanding of the disease and advances in treatment strategies.7 

Endovascular treatment (EVT) including embolization and specialized management in neonatal intensive care 

has made VGAM a treatable and viable disease but the postnatal clinical course can be discrepant to antenatal 

findings making prediction of necessity and timing for intervention challenging.9 Prognosis is mainly 

influenced by cardiac and cerebral consequences. Up to 88% of newborns require an urgent embolization due 

to high output cardiac failure (HOCF), with high risk for morbidity and mortality.10-12 Here we report on a 

male neonate with late, antenatal diagnosis of VGAM, who underwent EVT on the second day of life. EVT 

consisted of transarterial embolization of macroshunts with a non-adhesive liquid embolic agent with the aim 

to reduce fistula volume of the VGAM. Further closure of the VGAM was planned in subsequent sessions. As 

a severe complication, perilous embolization of both pulmonary arteries occurred, which, to our knowledge 

has not been described in detail for the neonatal population yet. 

 

Case Presentation 

Following an uneventful pregnancy, VGAM and moderate ventriculomegaly was prenatally diagnosed by 

ultrasound at 39+6 weeks of gestation resulting in antenatal referral to our hospital. Incipient cardiomegaly 

with dilation of the right ventricle, mild tricuspid regurgitation, and an increased heart-to-thoracic volume 

ration (0,6) was already evident in fetal echocardiography. Diagnoses was confirmed 2 days after admission 

by fetal MRI as a type III VGAM using classification of Yasargil or choroidal type using classification of 

Lasjaunias with multiple fistulas between the posterior cerebral arteries (PCA) bilaterally, pericallosal arteries 
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and the vein of Galen with the nidus being the ampulla of the vein of Galen.13,14 The VGAM was 6 x 2,5 cm 

in size, a detectable aqueduct of Sylvius with moderate dilatation of both lateral ventricles, no signs of 

ischemia or hemorrhages and mild brain volume reduction. Delivery with immediate postnatal intervention 

capabilities, was planned and a male child was born to a non-consanguineous couple after 40+2 weeks of 

gestation. The infant, weighing 3270 grams, was spontaneously delivered in a cephalic presentation. Initially, 

regular postnatal cardiorespiratory transition with an APGAR of 10/10/10 and normal arterial cord gases (pH 

7,3). At 1 hour of life, the infant was admitted to our neonatal intensive care unit (NICU) for further work-up, 

monitoring and preparation for a possible endovascular intervention of VGAM. On the first day of life (DOL), 

due to persistent arterial hypotension, we administered a bolus of isotonic saline and initiated circulatory 

support using dopamine infusion. He also required respiratory support by high flow nasal canula due to 

increased oxygen demand. Markers of poor organ perfusion like oliguria or elevated lactic acid were still 

within normal limits. An echocardiography before intervention on DOL 2 revealed normal anatomy with 

dilatation of the right ventricle, mild bowing of the septum to the left and tricuspid regurgitation with a pressure 

gradient of 33 mmHg indicating elevated pulmonary resistance. In addition, right-to-left shunting over a 

persistent ductus arteriosus (PDA), left-to-right shunting via a patent foramen ovale (PFO), normal left 

ventricle function and diastolic backflow in the descending aorta were detected. A head ultrasound confirmed 

VGAM, measuring 4 x 2 cm with a turbulent flow (50 cm/sec). 3 vascular feeders on the left and 2 on the right 

with a maximum flow of 105 cm/sec were depicted. Due to high risk of clinical deterioration, we proceeded 

with EVT under general anesthesia on DOL 2 to reduce effects on cardiac function.  

Umbilical artery was chosen for neurointerventional access. Diagnostic digital subtraction angiography 

identified 4 macroshunts from the right and one from the left PCA. In a first treatment session, strategy was 

to close several macroshunts with a microcatheter balloon (scepter miniballoon catheter, MicroVention) to 

achieve reduction of fistula volume and clinical stabilization. EVT should then be continued in 12 months, or 

earlier in the event of clinical deterioration. Therefore, microcatheter balloon was placed in the largest 

macroshunt via the right PCA. With an inflated microcatheter balloon, 4 macroshunts were embolized with 

1.1 ml PHIL25% (MicroVention), a non-adhesive liquid embolic agent comprised of a biocompatible polymer 

dissolved in dimethyl sulfoxide covalently bonded to an iodine component to provide radiographic 

visualization.15 Reduction of flow was successfully accomplished by about 70% (Fig. 1).  During 

embolization, a circumscribed transvenous embolization could be delineated twice. Immediate fluoroscopy of 

the thorax identified radiopaque embolic agent in the lung and revealed significant bilateral pulmonary arterial 

embolism. The newborn showed a delayed clinical deterioration with an increase in heart rate and oxygen 
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requirements, decrease in CO2 and hypotension necessitating norepinephrine infusion to support blood 

pressure. After clinical stabilization with increased FiO2 up to 1.0, the infant was transferred back to the NICU. 

Chest x-ray after arrival on the NICU confirmed arterial embolism of the embolic agent in both lungs (Fig. 2). 

Clinically, higher ventilatory pressures were required until DOL 4 along with supplemental oxygen. 

Noradrenaline as cardiovascular support was necessary for a total of 5 days. Postinterventional 

echocardiography identified significant dilatation of the right ventricle, severe tricuspid regurgitation 

(suprasystemic pressure gradient 57mmHg), right-to-left shunting over the PDA and bidirectional shunt over 

the PFO indicating severe pulmonary hypertension and right heart strain despite significant endovascular 

reduction of shunting via the VGAM. Therefore, we started a prostaglandin E1 infusion to maintain the PDA 

serving as a pop-off valve into the systemic circulation decreasing right ventricle afterload and to prevent left 

ventricular strain and failure. In addition, we nebulized iloprost to reduce vascular pulmonary resistance for 

11 consecutives days. Furosemide treatment was introduced due to fluid overload with oliguria and increase 

in B-type natriuretic peptide (BNP) levels. Due to pulmonary artery embolism and to prevent further thrombi 

formation or growth, systemic heparinization (400 IU/kg/day) was initiated on day of intervention, reduced to 

200 IU/kg/day the following day, and finally switched to low molecular weighted heparin (LMWH) supported 

by aspirin treatment. With this therapy, we saw a gradual clinical improvement, with reduction in respiratory 

support and improved oxygenation. Extubation to high flow nasal cannula was successful 5 days after 

embolization, with supplemental oxygen requirement for 5 additional days. Echocardiographically, a 

physiological tricuspid insufficiency without pressure gradient with left-to-right shunting over the PDA was 

achieved by DOL 4 and prostaglandin E1 infusion was discontinued. On DOL 8 PDA was closed, and both 

ventricles showed a satisfying function with a normal left-sided extraction function (EF, 68%). In a cranial 

MRI three days after embolization, a regression in the volume of VGAM was observed. Only a microembolic 

infarct in the right thalamus was visible without any evidence of cerebral hemorrhages. The infant was 

transferred back closer to the family’s home 17 days after embolization and was finally discharged on aspirin, 

LMWH and diuretics on DOL 21. At discharge, the newborn presented with mild muscular hypotonia, 

recurrent opisthotonos, and mildly impaired sucking reflex. 4 months after the first embolization, the second 

EVT in our hospital was performed due to increase in size of VGAM with accelerated progression in head 

circumference. This procedure proceeded without complications, resulting in complete closure of the 

remaining VGAM. Interestingly, the chest x-ray at 4 month of age still showed embolic agent in both 

pulmonary arteries without clinical and echocardiographic signs for pulmonary hypertension (Fig. 3). The 

infant's psychomotor development at the age of 4 month is regular, and signs for hydrocephalus were not 
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evident. 

 

Figure 1: Digital subtraction angiography of the right internal carotid artery before and after embolization of 

feeding arteries for VGAM. Using a scepter miniballoon catheter, 4 shunts feeding the vein of Galen were 

identified (A). Under fluoroscopic guidance 4 shunts were embolized with PHIL25%. Reduction of flow was 

successfully accomplished by about 70% (B). 

 

 

Figure 2: Before/after chest radiograph of patient who underwent embolization for VGAM. 

The infant was intubated, received a subclavian venous catheter on the left and arterial umbilical catheter in 

preparation for embolization (A). During procedure the infant developed lung arterial embolism due to 
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embolic agent (PHIL25%) and chest x-ray displayed radiopaque pulmonary deposition of embolic material in 

main stem, lobar branches and segmental arteries feeding the dedicated bronchopulmonary segments (B). 

 

 

Figure 3: Chest radiographs before second endovascular embolization for VGAM at 4 month of age. The 

infant was intubated and received a subclavian venous catheter on the left. Chest x-ray 4 month after lung 

arterial embolism still displayed radiopaque pulmonary deposition of embolic material although to a lesser 

extent. 

 

Discussion and Conclusion 

In our case, VGAM was prenatally diagnosed with multiple large feeding vessels and incipient cardiomegaly 

suggesting a rapid progressive into heart failure after birth.16 Indeed, the infant displayed hemodynamic 

instability, necessitating the use of catecholamines and respiratory support shortly after birth, an indication for 
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urgent EVT to successfully reverse this condition.17 Echocardiography before EVT identified signs of 

pulmonary hypertension and reversed flow in the descending aorta, both signs associated with poor prognosis 

especially if they persist following embolization of cerebral shunts.17 By now EVT is a well recognized therapy 

for VGAM. Overall periprocedural complications are frequent especially among newborns but in the literature, 

complication rates mainly focus on neurologic difficulties.16,18 Kjellin et al. explored pulmonary embolization 

as a complication following EVT of AV malformations in children. In general, pulmonary embolization of 

embolic material is not uncommon. It is noteworthy that occurrence of clinical symptoms for lung arterial 

embolism, despite a conspicuous X-ray displaying signs of microemboli, is rare. Eight children out of 34 

patients had abnormal chest X-rays with bilateral scattered foci but remained asymptomatic. Only a total of 

4% (two patients) of children were symptomatic and one patient developed severe ARDS. This patient 

stabilized within 7-10 days post-intervention.19 A thorough search of the relevant literature yielded no related 

article for neonates with respiratory compromise, lining of both main pulmonary arteries and smaller branches 

following EVT as in our case. After EVT, we used inhaled iloprost, a synthetic prostacyclin analog to support 

pulmonary vasodilation and improve oxygenation and prostaglandin E1 to maintain ductus arteriosus patency 

to reduce right ventricle strain and heart failure. Usually, pulmonary vasodilators should be avoided in VGAM 

especially before EVT, promoting pulmonary overflow with altered gas exchange and compromise of 

pulmonary vessel maturation. However, in our scenario, clinical decision to promote pulmonary vasodilation 

was hindered and could finally not be proof but pulmonary hypertension after EVT was most likely related to 

significant bilateral embolism to pulmonary arteries. Use of prostaglandin E1 led to a reduction in right 

ventricular afterload supporting left ventricular output and coronary perfusion. This concept is rarely used in 

VGAM but for other forms of pulmonary hypertension it has been shown to have beneficial effects on 

ventricular heart function and clinical improvement .21,22 Initially, a main difficulty in this clinical scenario 

after EVT was to discriminate, whether pulmonary hypertension still originated from VGAM or was caused 

by lung arterial embolism. The chest x-ray showed opacification in both pulmonary main stem, lobar branches 

and segmental arteries feeding the dedicated bronchopulmonary segments due to contrast enhanced embolic 

agent. To further explore the degree of pulmonary embolism, a computed tomography pulmonary angiogram, 

pulmonary perfusion magnetic resonance imaging (MRI) or cardiac catheterization with angiography of the 

pulmonary artery would be challenging due to the fact that they are impeded by the embolic contrast agent. A 

lung perfusion scintigraphy (VQ scan) would have been a possibility but is a tremendous challenge to be 

realized in a newborn.22 No attempts were made to retrieve lost embolic material. Therefore, we awaited the 

clinical course and postponed further workup for possible long-term cardiac and lung problems with regular 
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clinical follow-up. Long-term effects of pulmonary deposition of embolic material are not well known. 

Perivascular fibrosis two month after embolization has been shown in an animal study but timely 

recanalization of vessels following occlusion with cyanoacrylate agents is reassuring.23 At the age of 4 month, 

the infant exhibits no obvious pulmonary problems and a normal cardiac function. In addition, physiological 

high pulmonary pressure on DOL 2 may have protected him from more severe embolism and chronic 

pulmonary vascular hypertensive disease with detrimental consequences for future life.24 Nevertheless, EVT 

for VGAM was a life-saving procedure in our patient and it outweighs the risk of pulmonary embolism. 
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