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BACKGROUND Successful management of a vein of Galen malformation (VoGM) in the newborn patient requires a highly coordinated team
approach involving neonatologists, pediatric cardiologists, pediatric neurologists, neurosurgeons, and interventionalists. Indication and timing of catheter
intervention are topics of ongoing debate.

OBSERVATIONS The authors highlighted two key echocardiographic markers believed to be practical indicators regarding the need for urgent
catheter embolization in neonates with a VoGM. The first and preferred parameter was the tricuspid valve regurgitation (TR) gradient, an estimate of
pulmonary artery hypertension. If the TR gradient exceeds systolic blood pressure (suprasystemic pulmonary hypertension [PH], i.e., >60 mm Hg),
urgent intervention should be considered in eligible newborns. The second parameter was the left ventricular end-systolic eccentricity index (EI), a
newly emerging echocardiographic marker and indirect correlate of PH. As an alternative to the TR gradient, an increased eccentricity index (>1.6)
suggests severe right heart compromise, requiring emergency catheter embolization of the malformation. Postoperatively, the progressive reduction of
both the TR gradient and the EI correlated with recovery.

LESSONS In eligible newborns, urgent embolization of a VoGM is recommended in the presence of suprasystemic TR gradients and/or increased EI>1.6.
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The indication and timing for emergency endovascular embolization of
a vein of Galen malformation (VoGM) in the newborn remain controver-
sial. Generally, the treatment indication follows a clinical score developed
by Pierre Lasjaunias at the Bicetre Hospital in Paris.1 However, some of
the score’s parameters leave room for subjective interpretation and there-
fore have limitations. Ultimately, the urgency for treatment is dictated by
the degree of heart failure in eligible newborns. In this report, we highlight
two basic, objective echocardiographic markers indicating the need for
urgent catheter intervention: the tricuspid valve regurgitation (TR) gradient
and the left ventricular (LV) end-systolic eccentricity index (EI).

Illustrative Case
A 3.1-kg boy was born via cesarean delivery at 36 weeks’ and

4 days’ gestation. He developed acute right heart failure, requiring

intubation and mechanical ventilation shortly after birth. Chest radiogra-
phy revealed a much-enlarged right heart (Fig. 1). A cranial bruit was
observed, and subsequently a VoGM was diagnosed by ultrasound.
He was transferred to our institution for definitive care.

Clinically, the patient’s Bicetre score was 12. His echocardiogram
was consistent with severe, suprasystemic pulmonary hypertension
(PH), estimated by significant TR. At the time of the initial echo, his
systolic blood pressure was 52 mm Hg versus an estimated pulmonary
artery pressure (PAP) (TR gradient) of 68 mm Hg (Fig. 2). His LV end-
systolic EI was markedly elevated at 1.69 because his enlarged right
ventricle was compressing his left ventricle. The echo further revealed
diastolic flow reversal in the aortic arch and descending aorta.

To improve the patient’s heart failure and provide a potentially
life-saving procedure, the patient was emergently treated with two
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stages of transarterial embolization (90% n-butyl cyanoacrylate at
days 3 and 4 via a transfemoral approach. His umbilical arteries were
not available for access. Postoperatively, the patient improved sub-
stantially. His echo series demonstrated progressive reversal of his
suprasystemic PH following the embolization (Fig. 2). The LV EI was
reduced to 1.33 postoperatively; after 1 month, the EI was reduced
further to 1.13. The progressive reduction of both the TR gradient and
EI correlated well with the neonate’s clinical recovery. He was dis-
charged home 2 months postoperatively. He received two additional
stages of embolization at age 6 months and 9 months. Although the
malformation has not been cured so far, it is substantially reduced in
size; the patient is growing and thriving (Fig. 1).

Discussion
Observations

As illustrated in the case above, it is our experience that neonates
with VoGM with a suprasystemic TR gradient (i.e., >60 mm Hg)
and/or an increased LV EI > 1.6 experience severe right congestive

heart failure (CHF) with need for urgent/emergency embolization.
Second, reversal of suprasystemic PH postembolization and/or reduc-
tion of the EI suggests that further embolization may be deferred to
reduce procedural risk.

PH in Newborns With VoGMs
PH in a newborn is the result of a maladaptation to extrauterine

life characterized by an elevation in pulmonary vascular resistance,
right-to-left shunting and hypoxemia.2,3 In babies with VoGM, PH is
mainly triggered by high output right CHF secondary to the high-
flow vein of Galen fistula.1,4–6 The increased right ventricular (RV)

FIG. 1. Images to the left demonstrate the baby’s condition immediately
after birth. A: Three-dimensional (3D) brain magnetic resonance
angiography (MRA) revealing the complexity of this VoGM with numer-
ous choroidal, pericallosal, and perforating feeding vessels. C: Axial
T2-weighted MR imaging (MRI) of the brain at age 1 day demonstrating
a giant venous aneurysm standing out with its smaller mural connector
anteriorly. E: Chest radiograph obtained at birth demonstrating a
massively enlarged right heart, indicative of heart failure causing severe
soft tissue edema. Images to the right are during the 6- to 12-month
follow-up period. B: One-year 3D MRA showing near resolution of the
malformation. D: One-year axial T2-weighted MRI showing glue in the
mural connector with substantial size reduction of the venous
aneurysm. F: Six-month chest radiograph showing the nearly normal
cardiac silhouette.

FIG. 2. A: Correlation of PAP (estimated as the TR gradient) with
systemic arterial pressure for the first 3 weeks of life in baby boy with a
VoGM. At baseline, there is notable suprasystemic PH (i.e., the PAP
exceeds the systolic pressure). Suprasystemic PH indicates a grave
prognosis and the need for emergency intervention. After 2 days of
transarterial embolization, the relationship between pulmonary and
systemic arterial pressure is reversed. The pulmonary arterial hyperten-
sion is no longer suprasystemic, which suggests that further emboliza-
tion may be postponed until the 5th or 6th month of age. B: Correlation
of systemic blood pressure with the EI during the first 3 weeks of life
corresponding to the timeline in panel A. An EI> 1.6 was associated
with the need for urgent embolization. Note that the EI does not corre-
late as well as the TR gradient. Thus, if available, the TR gradient is
the primary indicator of the need for intervention, and EI is a secondary
indicator. An artist’s depiction of the cardiac echo at end-systole dem-
onstrates a normal left ventricle (C) versus a compromised left ventricle
secondary to severe PH (D). Note the flattening of the interventricular
septum (D) causing an increased EI. The index is calculated as the
ratio of the left ventricle anteroposterior to the septolateral dimension
(solid black lines).
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flow appears to directly cause increased pulmonary vascular resis-
tance. Brinjikji et al. found that newborn age and presence of CHF
(secondary to PH) were significant predictors of poor outcome in
their review of 578 patients with VoGM.4 Persistent PH in newborns
with a VoGM correlates with patient demise.7–9

Several medical interventions may improve the PH. Holden et al.5

showed some improvement in PAPs in response to oxygen inhalation.
Hendson et al. report on improvements with nitric oxide.10 McNamara
et al. greatly support the use of milrinone, a phosphodiesterase inhibi-
tor, to improve cardiac contractility in babies with PH.11 Nonetheless,
despite medical interventions, embolization of the malformation is the
key to successful management of severe PH and right CHF in new-
borns with VoGM.10 In the following sections, we discuss two cardiac
markers that indicate the severity of the PH, dictate the urgency or
an intervention, and prove useful for monitoring of the cardiac function
after intervention, as illustrated in our case study. The two cardiac
markers (indicators) are the TR gradient and the EI.

TR Gradient as a Marker of PH in Newborns
Both the TR gradient and the EI are well-characterized markers of

PH in the newborn.3,12 However, neither parameter is currently used
routinely to determine the need for or monitor the success of a cathe-
ter intervention in babies with VoGM. Pulmonary pressure can be
estimated by the amount of blood regurgitation at the tricuspid valve.
Using echocardiography, the peak tricuspid regurgitation flow velocity (v)
is measured and converted into an estimate of the pulmonary pressure
via the modified Bernoulli equation D pressure 5 4v2. “D pressure” is
the pressure gradient between the pulmonary artery/right ventricle
at systole versus the right atrial pressure. This pressure differential
is referred to as the TR gradient.

A normal TR jet has a maximal velocity of <2.5m/sec.13 The
normal estimated systolic PAP (sPAP) is #35 mm Hg.14 The sPAP
can be estimated from a peak TR velocity by continuous-wave Doppler
as the most practical noninvasive method to predict sPAP.12,15

If the PAP exceeds the systemic arterial pressure (suprasystemic
PH, i.e., >60 mm Hg), the prognosis is poor, in the general neona-
tal population and particularly in newborns with VoGMs.2,4,9,10,16,17

As an example from the literature, Tiwary et al.2 reported on a new-
born with VoGM who developed PH at day 4 of life. An echocardio-
gram was obtained, demonstrating marked tricuspid regurgitation
with a TR valve jet velocity of 4 m/sec, which would correlate with
an approximate TR gradient of 67 mm Hg. The baby developed
progressive PH that required emergency catheter intervention at
day 9 and again day 44. At age 4 months, he was thriving and his
cardiac parameters had stabilized.

Without urgent catheter intervention, newborns symptomatic with PH
are unlikely to survive. As the PH escalates and surpasses systemic
pressures, newborns typically develop severe systemic metabolic
acidosis and multiorgan failure. Thus, we believe suprasystemic PH
(i.e., TR gradient >60 mm Hg) is a clear indication for immediate or
repeat catheter embolization of newborn patients with VoGM without
other contraindications.

EI as a Marker of PH in Newborns
Unfortunately, TR may be absent or difficult to quantify by echo-

cardiography in approximately two-thirds of neonates with PH. In
this situation, the TR gradient cannot be determined. Thus, the EI
has emerged recently as an alternative to estimate the degree of
PH (Fig. 2).3,12,18 With a normal RV pressure, the left ventricle is

roughly circular in shape during end-systole. With RV pressure
overload, the interventricular septum flattens most significantly dur-
ing end-systole; the LV resumes an eccentric D shape (Fig. 2). The
EI is calculated as the ratio between the LV anteroposterior dimen-
sion (the long axis of the “D”) divided by the septolateral dimension
(the short axis of the “D”; Fig. 2). An EI > 1.0 is abnormal and has
been shown to correlate with worse clinical outcomes in adults and
children with PH.19–22 Lopez-Candales et al.20 nicely demonstrated
the use of EI during the echocardiographic evaluation of PH in
103 patients. In their review, systolic EI was the only multivariate pre-
dictor of PH in 103 patients.20 In our experience, an EI > 1.6 in
babies with VoGM requires urgent intervention or repeat intervention.

Lessons
Successful management of VoGM in the newborn requires a

highly coordinated team approach involving neonatologists, pediatric
cardiologists, pediatric neurologists, neurosurgeons, and interven-
tionalists. In our practice, suprasystemic TR gradients and/or in-
creased EI requires consideration of urgent/emergency catheter
intervention in the newborn patient with a VoGM. EI and TR gradi-
ent appear to supplement the Bicetre score and prove helpful in
clinical decision-making.
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