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Vein of Galen Aneurysmal Malformations in
Pediatric Patients Submitted to Endovascular
Treatment: Report of 3 Cases
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Abstract Objective To report three cases of vein of Galen aneurysmal malformation (VGAM) in
pediatric patients treated at the hemodynamics lab of Hospital Santa Isabel (HSI) in
Blumenau, state of Santa Catarina, Brazil, from 2006 to 2020. Clinical presentation,

Keywords endovascular treatment, and postprocedure evolution to date are included.
= arteriovenous Case description Three children aged 5 to 12 months with cardiac, respiratory, or
malformations neurological damage in the neonatal stage, were referred to the neurosurgery service
= intracranial aneurysm and diagnosed with VGAM. The three patients underwent endovascular embolization
= vein of Galen of the malformation, with different clinical evolution throughout outpatient follow-up.
= endovascular Conclusion Vein of Galen aneurysmal malformations are uncommon vascular abnor-
procedures malities that, until the advent of endovascular embolization, were associated with high
~ pediatrics morbidity and mortality rates. Its prognosis is linked with initial clinic, early diagnosis,
= neurosurgery and timely surgical correction.

This study took place at FURB and Santa Isabel Hospital at
Blumenau, Santa Catarina- Brazil.
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Objetivo Relatar trés casos de malformacdo aneurismatica da veia de Galeno (MAVG)
em faixa etaria pediatrica atendidos no setor de hemodindamica do Hospital Santa Isabel
(HSI) de Blumenau, SC no periodo de 2006 a 2020, relatando a apresentacdo clinica, o
tratamento endovascular bem como a evolugdo poés-procedimento até o presente ano.
Descricao do caso Os relatos descrevem 3 criancgas entre 5 e 12 meses de idade que
apresentaram alteragGes cardiacas, respiratorias ou neuroldgicas no periodo neonatal,
encaminhadas para o servico de neurocirurgia e diagnosticadas com MAVG. Os trés
casos foram submetidos a embolizacdo endovascular da malformacao, diferindo na
evolucgao clinica ao longo do seguimento ambulatorial.

Conclusao As MAVGs sdo anomalias vasculares incomuns de elevada taxa de
morbimortalidade até o advento da embolizacao endovascular. O seu progndstico
estd ligado a clinica inicial, ao precoce diagnéstico e a correcao cirdirgica no momento

= neurocirurgia adequado.

Introduction

Vein of Galen aneurysmal malformation (VGAM) is a rare
vascular anomaly occurring during the embryonic stage that
accounts for ~ 30% of pediatric vascular diseases and 1% of all
cerebrovascular malformations. It is characterized by mul-
tiple arteriovenous fistulas (AVFs) between arterial branches
and a median prosencephalic vein (MPV), the embryonic
precursor of the vein of Galen (VG).2 It is believed to occur
between the 6th and 11th week of fetal formation.> Genetic
predisposition and association has been reported, such as
RASA 1 mutation.* Clinical manifestations include cardiac
alteration such as high output heart failure, and neurological
ones due to venous congestion and abnormal cerebrospinal
fluid (CSF) flow.”

Despite its low incidence, it is an important morbidity and
mortality factor in newborn babies (NBs) and can also be
diagnosed in infants, children and, less frequently, adults.?
Differences in its clinical evolution, angioarchitecture, and
effects on systemic physiology make its approach complex
and challenging.” In the absence of treatment, these malfor-
mations are fatal in almost 100% of the cases due to multiple
organ failure in the first weeks of life or to complications of
hydrocephalus in the first years of life.?

Lasjaunias et al. differentiate malformations involving
dilatation of the VG from the MPV, this latter being true
VGAM.> Two types of angioarchitecture are described for
true VGAM: choroidal - the most common type and with
worse prognosis - and mural. Yasargil also proposed a
classification dividing these malformations into four types.
He distinguished the malformations with pure AVF (types I-
III) from the arteriovenous malformations with drainage to
the VG (type IV); the author also takes into account the exact
origin of the feeding arteries in each type.>

Advances in neuroimaging devices and endovascular ac-
cess materials have enabled the development of effective
techniques for VGAM embolization with a positive impact on
the prognosis of these patients. Coils or Histoacryl (Labo-
ratérios B. Braun S. A., Sdo Gongalo, Rio de Janeiro, Brazil)
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(NBCA- N-Butilcianoacrylate) can be used and the endovas-
cular procedure is usually performed through the arterial
pathway.! Previous studies showed that the transvenous
approach is associated with a higher rate of postemboliza-
tion hemorrhage compared with the transarterial approach.
Ventriculoperitoneal shunting (VPS) is an alternative that
reverses the pressure gradient from the subarachnoid space
to the superior sagittal sinus. In clinically stable patients, it is
preferable to delay embolization until 5 to 6 months of the
age,4 although some cases require emergency intervention in
the NB.” At this age, aggressive endovascular embolization
reduces hydrodynamic pressure and allows to reserve CSF
diversion procedure for refractory cases.*

In most cases, multiple interventions are required,’ from
clinical stabilization to complete resolution of the malforma-
tion. During the staged treatment by endovascular emboliza-
tion, a new parenchymal angiogenetic network of vessels can
be developed, needing a new approach for obliteration of the
dilated venous sac. Dural feeders to the VGAM may be ob-
served on initial or follow-up angiogram during staged embo-
lization, which happens in ~ 30% of cases.*

The objective of the current study is to present cases of
VGAM treated at the hemodynamics lab of the Hospital Santa
Isabel (HSI), Blumenau, SC, from 2006 to 2020, reporting the
clinical history, diagnostic and therapeutic interventions,
and each patient’s evolution throughout the outpatient
follow-up to date.

Case Reports

Case 1

A baby girl delivered at 38 weeks of gestation by cesarean
section, 33cm head circumference, Apgar score of 9 at
1 minute and 10 at 5minutes. No gestational history. She
required hospitalization for 18 days in a neonatal intensive
care unit (ICU) and intermediate care unit (IMCU) due to
heart failure and seizures. Diagnosis of congenital heart
disease by echocardiography. At 3 months of age, a brain
magnetic resonance imaging (MRI) showed right cerebral
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hemiatrophy and Galenic cerebral arteriovenous malforma-
tion (AVM). At 5 months of age, she underwent digital cerebral
angiography, which showed a right thalamic, fistulous, cho-
roidal type AVM with several afferences and venous drainage
to the VG with significant associated dilatation, Yasargil type 4.
Then, a transarterial endovascular embolization of the menin-
geal branch and two choroidal branches with direct afference
to the AVM was performed with Histoacryl. The procedure was
well tolerated and without complications.

At 7 months of age, the patient required a ventriculoper-
itoneal shunt (VPS) on the left side of the brain. At 13 months,
she underwent control angiography, which detected a rem-
nant of the Galenic fistulous AVM, involving all cerebral
arteries, type 4 Yasargil, and was subjected to a new venous
and arterial embolization with Histoacryl. At 2 years of age, a
subdural hygroma was identified on a computed tomogra-
phy (CT) image of the skull, which was followed by the
placement of a VPS on the right side of the brain. She was
on Depakene (Abbott Laboratoérios do Brasil Ltda,, Sdo Paulo,
Sdo Paulo Brazil). (Valproic Acid), Tegretol (Novartis Bio-
ciéncias S. A., Sdo Paulo, Sdo Paulo, Brazil) (Carbamazepine)
and Rivotril (Produtos Roche Quimicos e Farmacéuticos S. A.,
Rio de Janeiro, Rio de Janeiro, Brazil) (clonazepan), having
achieved complete control of seizures at 6 months of age. At 4
years of age, she developed spasticity, dysphagia and delayed
neuropsychomotor development, aphasia, and absence of
ambulation. In the same year, she had a control cranial CT
scan, which showed the persistence of non-hypertensive
hydrocephalus, with intracranial calcifications.

During her 5th year of life, she had an improvement in her
social and communication skills reported by family members
and confirmed by medical evaluation, as she was able to say
her name and interact by means of smiles and laughter. In
subsequent consultations at 6, 9, and 10 years old, her symp-
toms remained unchanged. She had no new seizures and
maintained good neurological stability. At 14 years and 6
months old, she still had tetraparesis and global spasticity,
and had had a recent motor seizure. The patient was pre-
scribed botulinum toxin, and Trileptal (Novartis Farma S.P.A.,
Naples, NA, Italy) (oxcarbazepine) was added to her anticon-
vulsants. The patient is stable and with no new complaints to
date.

Case 2
A baby girl, born at term at 37 weeks by cesarean section,
Apgar score 8 at 1minute and 9 at 5 minutes, 35cm head
circumference, and heart murmur. She was referred to a
neurosurgeon at 6 months and 18 days of age due to a venous
protrusion in the open fontanelles, which had already been
investigated by means of a skull CT. A family member
brought a chest X-ray showing a cardiomegaly finding, an
echocardiogram indicating heart failure, and a cranial CT
showing VGAM. The child was pale, had prominent frontal
veins, and was hypoactive on neurological examination. We
decided to treat the venous malformation endovascularly.
At 7 months of age, on her preoperative evaluation, she
had a 44 cm head circumference. Digital cerebral angiogra-
phy revealed mural type VGAM, with afference to thin
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branches of the posteromedial choroidal artery and venous
drainage to a giant aneurysm of the VG - 50 x 40 mm (~Fig.
1: A-E). Subsequently, endovascular embolization of the VG
aneurysm was performed by arterial and venous routes using
platinum spirals (coils). During the embolization, the mon-
itors did not show any changes, and the patient tolerated the
procedure well. At 8 months, her evolution was good, she was
sitting unsupported, active, had handgrip and plantar
reflexes, and presented improved engorgement of facial
vessels and cardiac symptoms. A control CT scan performed
1 month after the procedure showed a dilation of the
bilateral frontal horns with no signs of intracranial hyper-
tension (ICH).

At 14 months, a neurosurgery service in her hometown
placed a VPS on the right side. At 15 months, she was referred
to us because she had a right head tilt, left hemiparesis, 50 cm
head circumference, and she was not crawling or sitting up.
In the following month, a new digital cerebral angiography
was performed, which showed the remainder of the VGAM,
with residual aneurysm, measuring 30 x 20 mm, with coils
inside it (~Fig. 1: F-H). A new embolization was performed by
arterial access through the posteromedial choroidal artery
using Histoacryl, achieving complete occlusion. At 1 year and
5 months, her left subdural hematoma was drained. A month
later, a skull MRI was performed, showing a small subdural
residual collection, a functioning VPS on the right, and a cast
of coils and Histoacryl inside the venous malformation.

In consultation at 2 years of age, she was active, could
utter words, eat well, and walk with support, despite visual
impairment with incomplete IIl nerve palsy on the left side.
At the age of 3, she returned for a VPS review, whose valve
was working. Her heart symptoms had improved without the
use of medication, and she had no motor deficit or peculiari-
ties in the neurological exam other than divergent strabis-
mus. Her mother reported that she had started attending a
dedicated school.

Case 3

A baby boy born at term by cesarean section, Apgar 7 at
1 minute, and 8 at 5 minutes. No adequate antenatal check-
ups in his hometown. In the neonatal period, he had conges-
tive heart failure, respiratory failure, and hydrocephalus.
State of convulsive illness. At 12 months of age, the patient
was referred to us from a different neurosurgical service due
to failure in a previous attempt for endovascular treatment of
VGAM, diagnosed, along with hydrocephalus, by skull MRI.

A family member reported progressive head circumfer-
ence increase associated with drowsiness and apathy. We
placed a medium pressure VPS on the right side; two days
postsurgery, the patient had significant respiratory distress.
After performing an echocardiogram that showed mild heart
failure, he needed to be transferred to a pediatric ICU.

A digital cerebral angiography was performed, which
showed VGAM, with a giant VG aneurysm of 40 x 30 mm,
with venous drainage to the sickle sinus, extremely dilated
and engorged (~Fig. 2: A-E). At 14 months of age, he under-
went his first session of endovascular treatment by arterial
and venous routes, when platinum spirals (coils) were
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Fig. 1 Images of patient 2 exams. A: Cerebral angiotomography revealing a 50 mm x 40 mm mural-type VGAM with afference to thin branches
of the posteromedial choroidal artery and associated giant aneurysm; BC: Cerebral computed tomography angiography with 3D reconstruction,
confirming a 50 mm x 40 mm mural-type VGAM; IN: Arteriography of the right vertebral artery (presence of more pronounced tortuosity)
showing VGAM mural type with afference through thin branches of the posteromedial choroidal artery and venous drainage to a giant vein of
Galen aneurysm (arterial phase).; FH: Arteriography revealing VGAM occlusion after the 1st session of endovascular transarterial embolization
with the use of coils; I: Arteriography revealing total VGAM occlusion after the 2nd session using Histoacryl (NBCA- N-Butylcyanoacrylate).

placed, achieving partial occlusion of the aneurysm (~Fig. 2:
F-1). During embolization, monitors showed that the patient
was undergoing alterations. It was decided to discontinue
the procedure and schedule a new session. However, the
patient developed aggressive infectious complications -
pneumonia - progressing to sepsis and death.

Discussion

Hydrodynamic and CSF disorder explain the pathophysiolo-
gy of VGAM presentation. The absorption of the CSF occurs
mostly through the arachnoid granulations in the matured
brain, driven by the sump effect due to negative pressure in
the dural sinuses. The high-flow shunts cause increased
pressure in the venous sinus, resulting in CSF malabsorption.
Additional factors, such pulmonary hypertension and skull

Arquivos Brasileiros de Neurocirurgia

base maturation, can aggravate the condition. Venous ische-
mia of the brain over time induces bilateral subcortical white
matter calcification and atrophy of brain, manifested by
psychomotor developmental delay and seizures.*

The three patients described above are cases of VGAM
diagnosed in the postnatal period, considerably different
from each other in neonatal clinical presentation and post-
procedure evolution. The first patient had unfavorable initial
clinical presentation of congestive heart failure and seizures,
requiring intensive care unit (ICU) admission. Case 2
describes a patient with no neurological or respiratory
alterations in the neonatal period, with isolated impairment
of cardiac function. The third one reports a critical NB with
congestive heart failure, respiratory failure, a state of con-
vulsive illness and hydrocephalus, which progressed to
coma. In all cases, endovascular treatment was performed,
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Fig.2 Images of patient 3 exams. A: Arteriography via the left Vertebral Artery revealinga 40 mm x 30 mm VGAM of the choroidal type (arterial
phase: A and B; venous phase: C); D-E: Arteriography via the right internal carotid artery showing 40 mm x 30 mm choroidal VGAM (arterial
phase); F-I: Arteriography after endovascular transarterial embolization revealing coils inside the aneurysm where aneurysm thrombosis and

slow venous return are observed. Partial exclusion.

with the first malformation embolization session taking
place between 5 and 14 months of age.

Endovascular treatment is the conduct of choice for VGAM,
since conventional surgical alternative is associated with
significant mortality. In the long term, it is ultimately expected
to achieve total obliteration of the malformation, with conse-
quent normal neurological development and absence of def-
icits, which usually requires several stages and yet it is not
always feasible. The immediate therapeutic goal at each stage
varies according to the patient’s clinical presentation and age.
In NBs, the goal is to relieve congestive heart failure, while in
infants and early childhood it is to restore the hydro-venous
balance allowing normal brain development.*

The prognosis for NBs with VGAM can be established
based on the Bicétre score for the evaluation of the new-
born, which is based on clinical and radiological findings
related to cardiac, respiratory, neurological, hepatic, and
renal function. A score lower than 8 suggests a near-fatal
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prognosis, and no treatment is proposed. A score between 8
and 12 indicates the need for urgent embolization, and
between 12 and 21, a more stable condition, which allows
the endovascular treatment to be postponed for 5 months,
the age at which it is best tolerated.® We can give the 1st
patient a Bicétre score of 14, the 2nd, of 20, and the 3rd a
score of 10, which, indeed, is consistent with the outcome
in each case. It was not possible to offer patient 3 an early
treatment, since he was referred to the neurosurgery ser-
vice at 1 year of age.

Regarding surgical intervention, in the 1st case, a single
surgical approach was performed at 5 months by arterial
route with NBCA, in which complete occlusion of the mal-
formation was not achieved. For patient 2, the 1st emboliza-
tion performed at 7 months by arterial and venous routes
with platinum coils (coils) did not achieve total occlusion of
the VGAM; this was achieved in the 2nd approach with
Histoacryl, by arterial access, at 1 year and 4 months. Patient

© 2021. Sociedade Brasileira de Neurocirurgia. All rights reserved.
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3 was treated at 1 year and 3 months by transarterial
embolization with platinum coils, achieving partial aneu-
rysm occlusion; subsequent interventions were not possible
because the patient died.

Two hundred and thirty-three patients out of a series
(published by Lasjaunias et al.) of 317 individuals with VGA
underwent endovascular embolization; their overall mortality
was 10.6%, being higher in NBs (52%). Of the survivors, 74% had
no neurological sequelae during follow-up, 15.6% had moder-
ate neuropsychomotor retardation, and 10.4% had severe
retardation.’ In the present study, the patient who died had
presumably unfavorable prognosis due to clinical presentation
and delayed referral. The 1st surviving patient was followed up
until the age of 14 and progressed with motor impairment,
delayed neurodevelopment, and seizures well-controlled with
medication. As to the 2nd patient, who was followed up until
3 years of age, he had no neurological alterations other than
visual impairment, with good overall evolution.

The natural history of VGAM has been modified by
endovascular techniques, which are the first choice of
treatment, highly effective and safe when performed at
the right time and with the appropriate indications.'®
Recent studies report that endovascular treatment of
VGAM in neonates can reduce the severity of pulmonary
hypertension and intracranial hydrodynamic pressure, thus
lowering the risk for developing critical heart failure, mul-
tiple organ failure and ventricular enlargement.!' However,
some authors concluded that the presence of normal deep
venous drainage into the venous sac of the VGAM, excessive
embolization of the venous outflow, treatment of more
proximal fistulae before treating distal fistulae, and the
use of larger microcatheters in neonates can contribute to
an unexpected outcome.'? It is important to consider that
despite the technological evolution leading to early diagno-
sis and more favorable treatments, the prognosis of these
patients remains associated with their clinical conditions at
birth.'°
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