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Abstract



We describe the case of a neonate with signs of heart failure. Echocardiography showed a
structural normal heart shape with left ventricular dysfunction. At two months of age a vein of
Galen arteriovenous malformation was diagnosed through a brain magnetic resonance imaging.
Embolization therapy was accomplished and a clinical and neurological follow up was started.
This clinical case highlights how important it is considering an intracranial cause in the
differential diagnosis of neonatal congestive heart failure.

We performed a narrative mini-review of the literature about treatments and outcome of this
malformation in association to congestive heart failure, to point out how compleX'the diagnosis
of vein of Galen aneurysmal malformation may be and how an early diagmosisis important for

its management.
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Introduction

Vein of Galen aneurysmal malformation (VGAM) is a rare cause of congestive heart failure
during the first months of life leading to a high mortality rate [1]. VGAM should be suspected
when a neonatal idiopathic heart failure occurs. The bregmatic fontanel auscultation is a simple
clinical screening and can reveal a pathognomonic murmur in presence of VGAM, but it is not
routinely performed [2]. We describe the clinical case of a newborn with heart failure as a first

sign of VGAM, whose diagnosis has been delayed. Moreover, we have performed a narrative



mini-review of the literature about the age of presentation, the treatment and the clinical outcome
of the malformation, to point out how complex the diagnosis is and when the clinical suspicion

should be considered.

Case Report

Male, born at term by vaginal delivery to an uncomplicated pregnancy. Apgar scores was 9
at 1’ and 10 at 5°. At birth, it was noticed a small left palpebral swelling, considered as a
delivery trauma. At the age of 20 days of life he was referred for failure o, thrive: a gallop
rhythm was found at the cardiac examination and an echocardiography tevealed a [eft ventricular
dysfunction. The newborn was referred to the closer Pediatric Casdiology*Cefitre, where signs
of left ventricular dysfunction were confirmed and a pulmon@ty congestion with pulmonary
hypertension were noticed. Medical treatment for heart failuggfwas started with loop diuretic
and ACE inhibitor, adding subsequently a beta-blockég, with progressive clinical improvement.
In absence of structural causes of heart failure, fnetabolictinvestigations were performed with
normal results. The patient was discharged™aftes, 8 days with a diagnosis of "initial signs
of cardiac failure in transient left ventrigular dysfunction and pulmonary hypertension" in
therapy with furosemide, carvedilol,'potassium canreonato. At 2 months of age the infant was
referred to our attention for ghe persistence of the left supraorbital swelling, since birth and
the increase of head circumfereénce. The association of supraorbital swelling and heart failure
of unknown origin, led us™e, perform an elective neuro-radiological investigation. The brain
magnetic resonance 1maging (MRI) showed a complex vascular malformation compatible with
VGAM (Figure Ta). In the left supraorbital region, an ectatic venous structure was observed.
Furthermore, anjexternal hydrocephalus was documented. This was as a result of systemic
venous hypertension which caused fluid cerebrospinal malabsorption.

Consequently, he underwent an uncomplicated neurosurgical endovascular embolization
(Figure 1b). The patient was discharged after about 15 days of hospitalization, in good clinical
conditions with a diagnosis of VGAM.

During the neuroradiology and neurosurgical follow up, a second embolization treatment was

needed after about 4 months. There were no complications. CGH-array and mutational analysis



of the RASAI1 gene (usually associated with arteriovenous malformations) did not identify
causative mutations.

Cardiac serial controls documented a progressive normalization of the left ventricular
functionality, allowing the progressive decalage of the medical therapy, stopped at about 9

months of life.

Narrative mini-review

Methods

The literature research was conducted independently by 2 investigatots’ (CSsand EP) using the
PubMed CENTRAL databases. The following combinations of Key wordsgwere used: (vein
of Galen malformations OR arteriovenous aneurysms of theg#€in of Galen OR vein of Galen
aneurysm malformations OR aneurysms of the vein of Galen)/AND (endovascular embolism
OR endovascular therapy) AND (heart failure). The%®esedrch was limited to papers published
in English from March 1988 till September 2018. The refefence lists of retrieved studies have

also been reviewed to identify studies that 8% hawe nét been spotted by the search strategy.

Inclusion Criteria

Papers included in our analysig,were required to meet all of the following criteria: 1) Reports of
patients with VGAM/) Reports of patients undergoing endovascular embolization 3) Reports
focused primarily onthe agefat diagnosis, the onset of treatment and the outcome of VGAM 4)

Reports deseribing at lgast 3 clinical cases of VGAM.

Data Extraction

39 Pubmed CENTRAL studies were independently assessed by 2 investigators (CS and
EP) using a standardized data abstraction form (Figure 2). We excluded all the studies
with insufficient information, possible biases and contradictions, inconsistent or arbitrary
conclusions. We finally analyzed 8 papers corresponding to all the criteria selected. Two articles
based on the same population were regarded as one [3,4]. The information that was extracted

from each article is shown in Table 1 [3-10].



Results and Discussion

Classification of VGAM

VGAM has been classified in several different ways. The Lasjaunias and the Yasargil
classifications are generally the most used [11]. The Lasjaunias classification distinguishes
malformations in choroidal or mural types, depending on the number and origin of feeding
arteries. The Yasargil classification divides the malformations in 4 types; Type I, II and III are
characterized by a fistulous communication in the vein of Galen, while in&ype [Vithere is a
parenchymal arteriovenous malformation that drains into the vein of Galefi [ 11]. Ou#patient had
an aneurysmal dilation of the vein of Galen shunting from an adjacenfthalamic AVM, which can
be classified as type I'Va by the classification criteria of Yasargil et al'fand as “mixed type” for
the Lasjanunias criteria. In six articles theLasjaunias’ classifieatigh was used [3,4,7-10], in other
two it wasn’t specified [5,6]. Chow et al. described a pr€valehce of mixed-type VGAM (31.7%),
followed by mural-type (29.3%) and choroidal type (26.8%)"[3]. Hassan noted a prevalence of
mural types, while Heuer, Meila and Rodesh,a higher percentage of choroidal types [7-10].

Physiopathology of VGAM

During the fetal life, high-output cardiacfailure doesn’t occur. Low vascular resistance in the
cerebral arteriovenous malfofmation i§,balanced by the low resistance of the utero-placental
unit. After birth the exclusion ‘of the low resistance placental circulation with the consequent
rise in systemic vasculasftesistance, increases blood flow through the cerebral arteriovenous
fistulas (in severe cases @p to 80% of cardiac output). This results in an initial decrease of the
systemic cifculation, followed by a significant increase in cardiac output and blood volume, in
order to maintain’ a systemic perfusion. Raising venous return to the right heart creates a right-
to-left shunt through a patent foramen ovale. Increased blood flow through pulmonary vessels
leads to pulmonary hypertension, which ultimately leads to a right-to-left shunt through the
ductus arteriosus. The ductus arteriosus which remains patent as a pressure of the pulmonary
circulation exceeds the one of the systemic circulation [7].

The size of the fistulas determines the amount of arteriovenous shunt and consequently the time
needed for the development of cardiac failure. Due to a low vascular resistance of the head, the
majority of the left ventricular output is directed toward the cerebral system. During the diastole,

the systemic perfusion is further reduced by circulatory “steal” to the vein of Galen aneurysmal



malformation, which produces the characteristic reversed diastolic flow in the descending aorta.
The coronary blood flow is reduced by this diastolic steal phenomenon and, this combined with
increased ventricular pressures, can lead to a reduced myocardial perfusion or even an ischemia,
further compromising cardiac function [12]. These 2 mechanisms (relative hypovolemia and
cardiac dysfunction) lead to reduced systemic blood flow, severe lactic acidosis, potentially
ischemic multiple organ failure and persistent pulmonary hypertension [13].

Chevret et al. analyzed 24 newborns with VGAM and cardiac failure requiring mechanical
ventilation. The existence of pulmonary artery hypertension, cardiogenic shogk’ patent ductus
arteriosus with a significant right-to-left shunt and a descending aortic diastolic reyerse flow
before embolization was associated to a poor prognosis [5]. In our case,despite the delayed
diagnosis of VGAM, the achievement of a good medical control@f the congéstive heart failure

(CHF) could have minimized the progression of complicatiofis.

Clinical presentation of VGAM

Patients with VGAM most commonly presefit with,cardiac and neurologic complications. The
clinical presentation depends on the age of onset,

According to age, we grouped the 74 patients with VGAM associated to heart failure in 3
categories from six of the studi€s analyzed [5-10]. For one article this analysis was not applicable
[3]. The largest group includedyneonates (<1 month) that generally (in nearly 90% of cases)
showed high-output ¢ardi@€*failure, pulmonary hypertension, and in worst cases, multi-organ
failure. The second ‘grouprincluded infants (> 1 month to < 2 years) who commonly present
a hydrocephalus,iseizures, or neurocognitive delay (10% of cases). Older children (> 2 years)
and adults’ usual manifestations are headaches or intracranial hemorrhage (Table 1). In one
study, at admission all babies presented clinical signs of severe cardiac failure with tachycardia,
tachypnea, and hepatomegaly. The majority had a cervical “dancing” carotid pulse and distended
jugular veins. An echocardiogram showed in every patient increased venous return and right
heart overload [5].

Another study described the association of VGAM and congestive heart failure in 61% of the
cases, while there was 65.9% with hydrocephalus, 34.1% with intracranial hemorrhage and

29.3% with seizures [3].



The symptoms of our patient started at 20 days of life with heart failure and pulmonary
hypertension. Our patient developed also hydrocephalus, as reported in infants’ group, probably
due to a delayed diagnosis (at 2 months). When heart failure occurs beyond the neonatal period,
it is usually mild or moderate and may be controlled by medical treatment [14]. The clinical
picture is dominated by suggestive signs of a congenital cardiac disease such as cyanosis,
compromised peripheral pulses, and a cardiac murmur. Often cyanosis is a manifestation of
persistent pulmonary hypertension of the newborn, with signs of right-to-left arterial shunt at
the ductal level. These are common clinical presentations of heart failure and not'Spegific for the
VGAM association. A pathognomonic sign is the presence of a continuogts murmus heard on
the anterior fontanel [2]. This screening should be routinely performedin géses ot heart failure
of unknown origin.
Imaging characteristics of VGAM and its complications

Prenatal diagnosis, fetal MRI and echocardiographyggive the opportunity to schedule the
delivery in a tertiary care center, where immediate careéy¢an beg’provided by a multidisciplinary
team. An early diagnosis is very crucial in the fmanageiment of VGAM [8,11]. When VGAM
is suspected, a cranial ultrasound (US) a8 soon as™possible after birth, can help identifying
the lesion [12]. CT and MRI give,a clear_demonstration of the intracranial arteriovenous
malformation. Cerebral angiographyiis’the” gold standard imaging modality to provide an
accurate anatomical definitiefi of all theWwessels refurnishing the fistula, and should be performed
as part of the planned endovascular intervention, more than for diagnostic purposes [14]. In the
Chow et al. analysis, postnatal CT was the most commonly used diagnostic tool, followed by
postnatal MRIgfetal ultrasound, postnatal ultrasound and angiography [3]. In the Chevret et al.
population three babi€s received the diagnosis of VGAM in utero by fetal ultrasound at the third
trimester and &wo of them also underwent a fetal MRI [5].
In our case, the diagnosis was made by a brain MRI at two months of age, for the persistence
of the left supraorbital swelling associated to heart failure of unknown origin.
Treatment and outcome of VGAM
The treatment of VGAM can only be performed after cardiovascular stabilization. This is
achieved by reducing systemic and pulmonary vascular resistance and improving the non-

cerebral systemic output and the myocardial function [14].



The main method of treatment of VGAM is the endovascular embolization. This technique
occludes the arteriovenous shunt and the pathological arteries and aneurysmal veins are
disconnected from the circulation [5]. Heuer et al. underlined that often the immediate aim of
endovascular treatment is to stabilize the child until the he will be able to tolerate additional
procedures [8].

Of the 7 studies analyzed, 5 reported data regarding the extent of the embolization. Complete
occlusion was achieved in 53% of the cases; partial occlusion was attained in the remaining. In
4 studies it was reported at the age of the first endovascular session, with a mildprevalence of
the neonatal period (51.2%of cases) (Table 1).

Endovascular embolization decreased the mortality for VGAM at 10416% of,all the treated
patients. The age of treatment is crucial for the mortality rate {5, We analyzed the overall
38% mortality rate, 19% before and 19% after intervention (Fable 1). A higher mortality rate is
described in Chevret et al. population: six patients wer¢ not embolized because of impossible
technical challenges. Three patients had severe cardipgenic shocks with hypotension and aortic
reverse flow and three patients evidenced severe brain damage with subsequent death. Six more
patients died after the first embolization be€ause of mitltiple organ failure and intractable cardiac
failure [5].

The timing of intervention is also ctiti€al."Lasjaunias and colleagues described the optimal
therapeutic window for initiating the endovascular treatment at around 5 months of age. This was
needed to maximize thesefficacyief the intervention and minimize the risk of delay in cerebral
maturation [ 16]. Ifgreatment 18 deferred longer, correction of hydrocephalus may not be possible
by treating thegV GAMjand neurologic and cognitive sequelae can become permanent [14].
After the firstinterwefition, subsequent treatments are performed using a routine interval of 6 to
8 weeks or a shorter interval of 4 weeks for more complex lesions.Emergency embolization is
sometimes necessary with neonates. The primary goal is to decrease flow through the VGAM
to normalize systemic physiology. In addition, reducing flow through a VGAM in a neonate can
help recreate conditions to allow maturation of the cerebral venous system.

Our patient underwent two embolizations at 2 and 6 months of age, the first when receiving
diagnosis and another one during the neurological follow-up.

A good outcome is expected when the treatment is performed before the occurrence of a

significant brain injury.



To describe the patients’ outcome we used a score graded on a 4-point scale according to Jones
et al., ranging from 1 to 4 [17]. Clinical outcome was classified as good for scores between 4
and 3 (neurologically normal and mild developmental delay), and poor for scores of 2 and 1
(moderate and severe developmental delay). Cases of death were excluded. However, not every
study provided scores to assess grading. Therefore, we classified the clinical outcome as good
or poor according to the clinical symptoms of patients if a score was lacking. Patient clinical
outcome was analyzed in 7 studies. A poor outcome was observed in 40% of patient (Table 1).
In Chevret et al. study, the worst outcomes described were neurodevelopmefitalydelay with
axial hypotonia, moderate neurologic delay with seizures, severe disability in‘the sensory and
communication domain, including seizures, without having the opportunity to,attend regular
school. All of them had neuromotor sequelae [5].

Heuer et al. described a poor outcome in two patients, onegwith severe mental delay and one

with hemiparesis, moderate mental delay and controlled’epilepsy [8].

Conclusion

Vein of Galen aneurysmal malformationisya rare condition, with an incidence of 1% of the
arteriovenous vascular anomélies [18]) Because of the high mortality rate, it is important to
minimize any diagnostic delaytand consider VGAM in the differential diagnosis of neonatal
congestive heart failure Jd9T¥The auscultation of the fontanel is a simple screening to achieve
this target.

Initial treatment s, targeted at improving non-cerebral systemic circulation and reduction in
pulmonary vascular resistance. When circulatory stabilization can be achieved, endovascular
treatment of the arteriovenous malformation is the preferred modality. A subsequent

endovascular interventions is often needed to reach complete occlusion.
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Table 1. Age at diagnosis in the studies included, age at treatment, mortality rate and

outcome

Authd@ountry

and
year

Age at VGAM
diagnosis

n =101

Age at CHF
diagnosis
n=74

Endovascular treatment
n=62

Outcome
n=50

ota eforfPoofz00d
intervention
ChevreErance 12 6 6 9 3
2002
Chow, USA 41 25 | NA NA NA | NA NA NA [NA NA NA NA NA NA NA NA | NA NA
2014
HassanEgypt 13 4 0 7 6 0 4 0 3 NA NA @NA 0 1 0 1 0o 3
2010
Heuer, USA 13 7 9 3 1 7 0 0 6 6 0 0 3 3 2 1 2 2
2010
MeilaGermany 28 14 11 3 0 8 6 0 14 8 6 0 13 1 1 0 4 9
2011
Rodeschrance 18 16 18 0 0 16 0 0 12 0 12 0 7 4 0 4 4 8
1994
WongAustralia 9 9 9 0 0 9 0 0 9 7 2 0 6 3 3 0 1 5
2006
Freq. (71,3) (22,8) (6,9) (86,5) (I3,5) (0) (51,2) (48,8) (0) 70,7y (38 (19) (19) (40) (60)
(%)

Legend NA= not avaible.



Figures captions

Figure 1aBrain MRI of our case at diagnosis: The MRI image shows a complex vascular
malformation characterized by ectatic venous structures with aneurysmal dilatation in direct
communication with the posterior cerebral and choroidal arteries in the region of left lateral
ventricle. In the left occipito parietal hemisphere a ulegyric aspect of cerebral gyrus and ex-

vacuous dilatation of the left lateral ventricle was also noticed. Figure 1bBrain MRI after two

embolization treatments: In this MRI the ectatic venous structures are not réeg able. There
is persistence of the ex-vacuous dilatation on the left lateral ventricle.

Figure 2. Flowchart of review process and selection of the studie
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