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Abstract

Vein of Galen malformations (VGAMs) are rare and complex congenital brain vascular anomalies that pose significant diagnostic and
treatment challenges. The natural history of this type of vascular anomaly is very poor, with many patients succumbing to complications
such as congestive heart failure, hydrocephalus, and brain parenchymal injury. Although the clinical course of most VGAMs was con-
sidered unfortunate, with meticulous imaging, a group of lesions with a more placid presentation and course can be identified.

We present a case of spontaneous thrombosis of VGAM where no embolization or surgical repair was attempted, with excellent clinical
outcomes.

This case also highlights the possibility of spontaneous thrombosis in VGAM, even in the absence of clinical symptoms, and emphasizes

the importance of a regular imaging follow-up in patients with known vascular malformations.
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INTRODUCTION

Vein of Galen aneurysmal malformations (VGAMs) are
a rare type of congenital vascular pathologies that repre-
sent around 30% of pediatric vascular malformations and
around 1% of all cerebral vascular malformations.[? The
first reported pathology case is widely thought to have been
published by Jaeger et al. in 1937.34 Since then, many
more cases have been reported, and interest in the disorder,
as well as our understanding of its underlying mechanism,
has expanded.l>7! Two classifications are commonly used
in VGAM evaluation: one proposed by Lasjaunias et al.l®!
and the other proposed by Yasargil.[*!%l The former catego-
rizes VGAMs into choroidal and mural types based on the
origin and insertion of the feeding arteries and the place of

fistula communication (direct or intramural). They observe
the difference in the clinical presentation and perspective
based on their proposed subtypes. The classification pro-
posed by Yasargil makes a more precise division into four
types based on the feeding arteries: type I is an arteriove-
nous fistula between the posterior cerebral arteries or the
pericallosal arteries and the vein of Galen, type II is an ar-
teriovenous fistula between the thalamoperforating arteries
and the vein of Galen, type III is a mix between types I and
II. Type IV is reserved for arteriovenous malformations
that drain into the vein of Galen and directly dilate it. Al-
though the clinical course of most VGAMs was considered
unfortunate, with better imaging, a group of lesions with a
more benign presentation and course has been identified.
We present a case of spontaneous thrombosis of VGAM
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where no embolization or surgical repair were attempted,
with excellent clinical outcomes.

CASE PRESENTATION

A 1-month-old child was referred to our hospital for cra-
nial magnetic resonance imaging (MRI) after the routine
post-birth ultrasound suspected a VGAM. Brain MRI and
3D time of flight (TOF) magnetic resonance angiography
confirmed the diagnosis (Fig. 1). The child underwent fur-
ther neurological and cardiological examinations, which
appeared normal without any deviations. The laboratory
studies were also normal, and the patient’s Bicétre score was
calculated to be 21 (Table 1). Following a discussion with
a multidisciplinary team of neurologists, interventional ra-
diologists, pediatricians, and neurosurgeons, a decision for
observation, conservative treatment, and close follow-up was
made. Parents were carefully instructed, and monthly control
medical examinations were evaluated at six monthly inter-
vals for radiology scans.

At one year of age, the patient came to the hospital for a
routine follow-up examination. The neurological examina-
tion was normal, with a slightly higher cranium diameter.
A non-contrast computed tomography (CT) confirmed the
macrocephaly with a more significant biparietal index than
the ages. CT angiography showed an enlargement of the
vein of Galen. Due to the mass effect of the malformation,
we observed dilatation of the two lateral and third ventri-
cles. There were no changes in the brain parenchyma. On the
CT angiography, we could evaluate the feeders coming from
the posterior and middle choroidal arteries draining into the
large aneurysmal dilatated vein of Galen, dilatated torcula
and significantly narrowed proximal part of the straight sinus
distal to Galen. We classified the malformation as type II by
Yasargil (Fig. 2).

The patient was scheduled for digital subtraction angiog-
raphy, but the parents refused to perform the test. The car-
diological consultation of the child was unremarkable. After
a neurological and neurosurgical examination, we assessed
that the hydrocephalus was asymptomatic and placement of a
ventricular-peritoneal shunt was not needed. The patient was
discharged and followed closely for the next two years with
periodic head circumference measurements. During this peri-
od, his neurological examination and progress were excellent.

An MRI at three years of age revealed significant but also
positive changes. There was a total occlusion of the malfor-
mation due to thrombosis of the aneurysmal dilatated vein
of Galen (Fig. 3). We observed an almost double shrinkage
of the varix compared to the CTA made two years ago. There
were no radiological signs of hydrocephalus, and the sella me-
dia index was normal. The MRI, too, showed no changes in
the brain parenchyma. The patient was neurologically intact.

Another control MRI at eight years was performed. The
thrombosed aneurysmal dilatated vein of Galen continues to
shrink (Fig. 4). The venous structure appeared normal, with
no radiology signs of hydrocephalus. The neurological exam-

ination remained normal. The child exhibited advanced de-
velopmental milestones compared to his peers.

DISCUSSION

The principal pathoanatomic substrate of VGAM is rep-
resented by a formed fistula between different portions of
the involuting primitive median prosencephalic vein of
Markowski and adjacent brain arteries of the fetus around
weeks 6-11 of gestation.[!”) This, in turn, halts the regression
of the venous vessel due to the high blood flow that passes
through it, with the malformation not rarely being associ-
ated with dural sinus stenosis due to atresia or thrombosis,
further increasing the risk of complications.[®!! An inter-
esting observation can be made that VGAMS can be associ-
ated with a different primitive vessel noted on angiograms
of patients suffering from the condition - the falcine sinus,
which most likely acts as a draining shunt and is connected
to the distal 1/3 of the superior sagittal sinus.!'>!3] Another
noteworthy point is the disruption of the function of the
deep venous brain system, which drains through mesen-
cephalic collaterals.!'#]

Pathological changes associated with VGAMs can lead
to several dreadful patient outcomes. The most common
clinical presentation is widely reported to be congestive
heart failure due to high output.'>) Another clinical man-
ifestation is development of hydrocephalus due to either
the increased intracranial blood volume or cerebral hem-
orrhages and direct obstruction of cerebrospinal spaces.!'®!
Due to the condition primarily affecting children, arrest in
brain development and focal neurological symptoms can
also be observed.!'”!

Large strides in the treatment of VGAMs have been
made. To this day, they present a clinical conundrum that
requires careful consideration of the patient’s characteris-
tics and the vascular pathology. The pretreatment era of
VGAMs historically cites exceptionally high mortality rates
in patients. With the progression of surgical and endovas-
cular methods, a decline in mortality can be observed!!®),
even with their inherent risks.

An approach for assessing newborns with VGAM in-
volves the application of the Bicétre score, which aids in de-
termining potential courses of treatment.'”! This 21-point
scale assigns points based on the severity of indications and
symptoms related to cardiac, pulmonary, neurological, he-
patic, and renal systems. The Bicétre score is computed for
neonates with VGAM by employing clinical and laboratory
data. A score of less than 8 out of 21 indicates a highly crit-
ical prognosis, rendering the infant unsuitable for immedi-
ate embolization. For neonates scoring between 8 and 12,
emergent embolization is likely to be beneficial. A score ex-
ceeding 12 identifies infants eligible for the administration
of medical treatment to address their cardiopulmonary
insufficiency. Such medical intervention is continued until
the infants reach approximately 5 months of age, at which
point their larger size diminishes the risks associated with
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Figure 1. MRI at the age of 1 month. Axial T2 weighted and coronal FLAIR images of the brain show dilatation of the vein of the Galen
up to 3 cm in diameter without any pathological findings in the brain parenchyma and ventricular system (A, B). 3D TOF images with
VR reconstructions demonstrate the feeders coming from the posterior and middle choroidal arteries draining into the large aneurys-
mal dilatated vein of Galen (C, D, E, F).
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Table 1. Bicétre score

Points Cardiac functions Cerebral function Respiratory function  Hepatic function Renal function
5 Normal Normal Normal - -
4 Overload, no medical Subclinical, isolated Tachypnea finishes
treatment EEG abnormalities bottle
3 Failure, stable with Nonconvulsive inter- Tachypnea does not fin- No hepatomegaly, nor- N 1
orma
medical treatment mittent neurologic signs ish bottle mal hepatic function
Assisted ventilation,
Failure, not stable with . . Hepatomegaly, normal . .
2 . Isolated convulsion normal saturation . : Transient anuria
medical treatment ) hepatic function
FiO, <25%
Assisted ventilation, . Unstable
_ . . Moderate or transient . o
1 Ventilation necessary ~ Seizures normal saturation . . diuresis with
. hepatic insufficiency
FiO, >25% treatment
0 Resistant to medical Permanent neurological Assisted ventilation, Abnormal coagulation, Anuri
nuria

therapy

signs

desaturation

elevated enzymes

Maximal score: 5 (cardiac) + 5 (cerebral) + 5 (respiratory) + 3 (hepatic) + 3 (renal) = 21

Figure 2. CT image at 1 year. Non-contrast CT demonstrated macrocephaly with elevated biparietal index and dilatated lateral ven-

tricles (B). CT angiography shows significant enlargement of the aneurysmal dilatated vein of Galen compared to previous MRI, feed-

ers coming from the posterior and middle choroidal arteries draining into it, dilatated torcula (white star) and significantly narrowed

proximal part of the straight sinus (white arrows) distal to Galen (A, C).
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Figure 3. MRI at 3 years. Axial T2 weighted and coronal FLAIR images demonstrate total thrombosis of the malformation, double
shrinkage of the varix, no signs of hydrocephalus and damage of the brain parenchyma (A, B). VR reconstruction of the 3D TOF MRI
reveals a complete regression and disappearance of the pathological arterio-venous connections (C).

prolonged embolization. Table 1 provides a comprehensive
overview of this treatment protocol.

In one of the largest studies (317 patients) reported thus
far, Lasjaunias et al. reported that approximately 19% (57 of
300; 17 lost to follow-up) were considered to be in too bad a
clinical condition to be treated. Of the 216 treated patients,
73 (34%) had a bad outcome, ranging from permanent
neurological symptoms and mental retardation to death.
According to these numbers, the overall poor outcome is
approximately 46%. Spontaneous thrombosis of the shunt
occurred in only eight of 317 patients (2.5%).®! In the study
of Geibprasert et al., the poor outcome rate was 52%, and
three of their reported cases (12%) spontaneously throm-
bosed during the follow-up period.?"]

In a recent study, Brinjikji et al. performed a meta-anal-
ysis of endovascularly treated VGAM. They reported all-
cause mortality of 14% and an overall good neurological
outcome rate of 62%. Their study’s overall poor neurolog-
ical outcome rates were 21%, in which neonates were sig-

nificantly less likely to have good neurological outcomes
than infants (48% versus 77%).0%!

On rare occasions, though, a spontaneous regression
of the malformation can be observed. This is most likely
the result of low-flow fistulas, which cause a slow filling
of the dilated vascular channel and a more benign natu-
ral history, with several such cases being described in the
literature.[?1??] In these cases, the commonest presenting
sign was macrocephaly, but symptoms such as hemipare-
sis, seizures, and pyramidal and cerebellar signs were also
observed. Patients presenting with spontaneously throm-
bosed VGAM could be classified in a discrete clinical
group, as proposed by Nikas et al.?3]

Spontaneous thrombosis of intracranial vascular lesions
is a well-documented phenomenon observed in conditions
such as arteriovenous malformations, arteriovenous fis-
tulas, and aneurysms. The presence of flow-related aneu-
rysms, which can both form and regress, underscores the
influence of hemodynamic alterations on thrombosis and
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Figure 4. MRI at 8 years. Again, axial T2 and contrast MR angiography demonstrate complete occlusion of the VGAM without any

abnormal finding in the brain parenchyma (A, B, C, D).

the regression of these vascular abnormalities. While the
precise mechanism and clinical factors leading to throm-
bosis in the vein of Galen malformation are not fully un-
derstood, it can be postulated that similar to other vascular
lesions, changes in hemodynamic conditions may contrib-
ute to thrombus formation. Several potential mechanisms
could disrupt the hemodynamic balance in VGAM, includ-
ing compression or mass effect from adjacent hematoma or
intra-aneurysmal clot, posthemorrhagic edema, regressive
arteriosclerosis affecting the vessel walls, vascular spasm,
and gliosis resulting from fragmentary micro-bleeding.>

CONCLUSIONS

The case presented here highlights the possibility of spon-
taneous thrombosis and subsequent resolution of vein of
Galen malformation in a pediatric patient. This case adds
to the growing evidence suggesting that certain VGAMs
may exhibit a more benign course and favorable clinical
outcomes without invasive interventions such as emboli-
zation or surgical repair. The utilization of advanced im-
aging techniques played a crucial role in identifying this

subgroup of lesions with spontaneous thrombosis. Further
research and long-term follow-up studies are warranted to
understand better the underlying mechanisms and factors
contributing to spontaneous thrombosis in VGAMs. None-
theless, our findings emphasize the importance of consid-
ering conservative management strategies in selected cas-
es, which may spare patients the potential risks associated
with invasive interventions.
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Pe3tome

Manbdopmanyu Bensl [anena (VGAMS) mpeacTaB/A0T OO0 PefKue U CTIOXKHBIe BPOXK/JeHHbIE aHOMA/IUM COCY/IOB TOIOBHOTO MO3-
ra, KOTOpbIe CO3JIAI0T CepbE3HbIe MPOOIeMBI B AMATHOCTHKE 1 edeHnI. EcTecTBeHHOe TeueHe 9TOr0 TUIIA COCYAMCTBIX aHOMasIMit
OYeHb IIOXOe, MHOTYE MAI[VIeHThI CTPAfIAloT OT TAKMX OC/IOXKHEHUIT, KaK 3aCTOIHasA CepfiedHas HeJOCTaTOYHOCTb, Iuppoliedanus u
HOBPeX/IeHNe TAPEHXMMBI TOJIOBHOTO MO3ra. XOTs KIMHMYecKoe TedeHue 6ompumHcTBa VGAMS cuMTanoch HeyAauHbIM, IIPY TIA-
TENIbHOJ BU3yaIM3aluy MOKHO MIEHTUONUIMPOBATD IPYIITY HOPaXkKeHMIT ¢ 607iee CIIOKOTHOI KapTUHOI U TeUeHMEM.

ME! IpefcTaBiIsieM CIydaii CIOHTAHHOrO TpoM603a VGAM, mpu KOTOpPOM He OBbUIO IIPEANPUHATO HUKAKIUX HOMBITOK SMOOMI3aIi
VI XMPYPIU9eCKOTO JIeYeHN, C OTIMYHBIMI KIMHNYECKUMY Pe3y/IbTaTaMu.

3ToT cnyqai{ TaKXe HOJI‘IépKI/IBaCT BO3MOXHOCTDb CIIOHTAaHHOT'O TpOM603a npu VGAM, AaKe IIpU OTCYTCTBUU KIIMHNYIECKUX CUMIITO-
MOB, 1 HOJI‘IépKI/IBaeT Ba)KXHOCTD PETY/IAPHOrO Ha6]I}OJIEHI/IH 3a MagMeHTaMy ¢ YCTaHOBJIEHHBIMI COCYIMCTBIMI MaHb(bOpMaLU/IHMI/I.

KnwoueBble cnoBa

TefiYIaTpUYeCcKMIt, TPOMO03, COCYAVICTBIIL, ManbpopManusa BeHsl [aeHa
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