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Severe cardiac failure in newborns with VGAM

Prognosis significance of hemodynamic parameters
in neonates presenting with severe heart failure owing
to vein of Galen arteriovenous malformation

Abstract Objective: Neonatal vein
of Galen malformation complicated
by severe cardiac failureisarare
disease. The purpose was to assess
the outcome of this life-threatening
malformation and identify hemody-
namic prognostic factors.

Design: Retrospective study.
Patients: Twenty-four newborns
with cardiac failure requiring me-
chanical ventilation were consecu-
tively admitted from 1986 to 2000.
Interventions: Cardiovascular evalu-
ation including echocardiogram was
performed in all cases. Eighteen
transarterial shunt occlusions with
glue were applied by the same team
of three physicians. Measurements
and results: Twelve babies survived
and underwent one endovascular ses-
sion at least (median age 20 days)
with amean 63 months follow-up.
Embolization was not performed in
6 of the 12 nonsurvivors because of
severe brain damage or profound
hypotension Cardiogenic shock
occurred in all nonsurvivors, but
aso in one long-term survivor
(p<0.0001). Echocardiogram showed
signs of right ventricular failure,

Introduction

Vein of Galen aneurysmal maformation (VGAM) isarare
but potentialy life-threatening cerebral vascular malforma-
tion. It was the first cerebrovascular maformation recog-
nized to be of embryonic origin. It develops from the me-
dian vein of the prosencephaon [1]. Symptoms may vary,

most often in the dead babies
(p=0.005). The pulmonary systemic
arterial pressure ratio was signifi-
cantly higher in the nonsurvivor
group (p=0.031), and it decreased
significantly after the first emboliza-
tion only in patients who survived
(p=0.01). Patent ductus arteriosus
and a diastolic aortic reversed-flow
were present in all nonsurvivorsin
contrast to 30% of the long-term sur-
vivors (p=0.003). There was no dif-
ference in the left ventricular con-
tractility and mean cardiac output
between the two groups.
Conclusions: The outcome of vein of
Galen malformation complicated by
severe cardiac failure requiring me-
chanical ventilation remains poor.
Neonatal embolization seemsto be
beneficial only in babies without su-
prasystemic pulmonary hyperten-
sion.

Keywords Newborn - Severe
cardiac failure - Vein of Galen
malformation - Persistent pulmonary
hypertension of the newborn -
Encephalomalacia - Ductus
arteriosus - Embolization

depending on the patient’s age. There is congestive heart

failure and encepha omaaciain neonates, macrocrania and

hydrocephalus in infants and minimal cardiac insufficien-
cy, asymptomatic cardiac enlargement, headaches, or intra-
crania hemorrhage in older children. Neurodevel opmental
delay or convulsions may occur at any age, but with differ-
ent mechanisms and pathophysiology [1].
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First described by Gold et a., VGAM reveded by se-
vere cardiac failure remains a rare neonatal disease, of-
ten having a fatal outcome or complicated by severe
brain damage [2, 3]. Since the introduction of transarteri-
al endovascular occlusive procedure with glue, the sur-
vival rate and incidence of neurologic complications
have significantly improved over the last 15 years [1, 4].
The improvement in fetal and postnatal ultrasound tech-
niques allows an earlier diagnosis of VGAM and prompt
management of these patients. This has encouraged neo-
natologists to refer neonates with severe cardiac failure
to an interventional neuroradiology team earlier than in
the past [5]. However, there is still controversy as to the
ideal timing of endovascular management. In this study,
we assessed the outcome and evaluated the hemodynam-
ic profile of neonates with VGAM complicated by se-
vere cardiac failure in order to identify possible prognos-
tic factors.

Material and methods

From October 1986 to June 2000, 258 patients with VGAM were
hospitalized at our institution for evaluation and treatment. Data
were analyzed retrospectively, using the patient’s chart, following
a database system. The analysis was limited to a group of new-
borns with proven VGAM, who were admitted to the pediatric in-
tensive care unit (PICU) with severe cardiac failure requiring me-
chanical ventilation. Severe cardiac failure was defined clinically
by the presence of tachycardia, respiratory distress, and hepato-
megaly. Cardiogenic shock was defined by the presence of clini-
cally poor peripheral perfusion, oliguria and the need for inotropic
support, independently of the level of systemic arterial blood pres-
sure or hiochemical markers of organ failure. The neurologic eval-
uation included a physical examination, EEG, CT scan and MRI.
Laboratory tests included arterial blood gases, PT and PTT, CBC
with platelet count, plasma lactate level, and liver and renal func-
tion tests to assess the presence of peripheral organ injury (data
not shown).

A cardiac ultrasound evaluation was performed in every pa-
tient at the time of admission and repeated a few days after each
endovascular procedure. It included the measurement of the right
and left end-diastolic diameters (RVEDD, LVEDD)), left ventricu-
lar shortening fraction (LV SF), stroke volume (SV), left ventricu-
lar output (reflecting cardiac output or CO as the product of veloc-
ity time integral by the cross-sectionnal area at the aortic valve
level and multiplied by the heart rate), and systolic pulmonary ar-
terial pressure, based on measurement of the tricuspid flow regur-
gitation with the modified Bernouilli equation. Cardiac malforma-
tions were ruled out as well as the presence of a patent ductus arte-
riosus (PDA) and a patent foramen ovale (PFO). The ductal flow
pattern were analyzed according to pulsed Doppler sampling
placed in the color area of the highest velocity. Descending aortic
flow reversal was researched at the level of the PDA insertion.
The shape of the interventricular septum was described, based on
the right-to-left side motion, as: 1=normal, 2=intermediate, and
3=complete right-to-left shift with LV collapse.

The presence of brain damage or encephalomalacia was con-
sidered to be a contraindication for the endovascular procedure,
and the patient’s eligibility for this procedure was based upon our
previous results [1, 6, 7]. Conversely, when cardiac function im-
proved following the initial management, the embolization proce-
dure was postponed until the baby was 5 months old. The endo-
vascular procedure consisted in catheterization of the femoral ar-

tery and afirst transarterial occlusion session using N-butyl cyano-
acrylate. The goal for this first session was to reduce the shunt by
athird, based on the size of the aneurysm [8].

Patients were divided into two groups based on outcome: sur-
vivors and non-survivors. Fisher’s exact test and Wilcoxon rank-
sum test were used for statistical analysis. A p<0.05 was consid-
ered significant.

Results

Ninety-six newborns diagnosed with VGAM were hospital-
ized at the Bicétre Hospital between October 1986 and June
2000. Twenty-four of them (25%), including 19 who were
hospitalized after 1992, were admitted to the PICU because
of cardiac failure and the need for mechanical ventilation.
Fifteen were male, and the median postconceptiona age
was 40 weeks. Twelve patients died during hospitalization
(including 1 before 1992) (non-survivor group, NS). Six of
them were not embolized because of impossible technical
challenges (severe cardiogenic shock with hypotension and
aortic reverse flow, n=3) or evidence of severe brain dam-
age (n=3) and died. Six more patients died after the first
embolization because of multiple organ failure and intracta-
ble cardiac failure. Twelve patients (50%) underwent a first
successful embolization of the VGAM and were then dis-
charged (survivor group, S). There was no difference be-
tween the S and NS groups with respect to postconceptional
age, sex, birth weight, and head circumference (Table 1).
The procedure was done at 21 (7—38) days of life with no
difference between the S and NS groups (26 vs 20 days, re-
spectively, p=ns). The diagnosis of VGAM was made in
utero by fetal ultrasound in three babies by the third trimes-
ter of pregnancy. Two of them aso had a fetal MRI. The
median age at the time of VGAM diagnosis in the remain-
ing 21 babies was 3 days (0-15) with no differences be-
tween the S and NS group (Table 1). There was aso no dif-
ference with respect to the time of appearance of clinica
signs of cardiac failure and the beginning of mechanical
ventilation between the two groups (Table 1).

All babies presented clinical signs of severe cardiac
failure at the time of admission, with tachycardia, ta-
chypnea, and hepatomegaly. Most of them had a cervical
“dancing” carotid pulse and distended jugular veins. Ev-
ery patient presented a peripheral pulse and precordium
bounding owing to a hyperdynamic status with increased
venous return and right heart overload at the echocardio-
gram (Table 2). The initial treatment consisted of contin-
uous enteral feeding, a diuretic (furosemide 2—6 mg/kg
per day) to reduce the preload and mechanical ventila-
tion. Every patient received opioids and benzodiazepines
to lower oxygen consumption. The hemodynamic man-
agement was then based on the echocardiogram findings.
An infusion of dobutamine was started in 13 patients be-
cause of normal- to low-cardiac output, poor peripheral
perfusion, and/or low urinary output and severe right
cardiac failure. Seven patients received additional dopa-
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Table 1 Clinical characteristics

of newborns with VGAM and All newborns  Dead Survival p
severe cardiac failure. Results
are expressed as percentageor 1 (before 1993) 24 (5) 12(1) 12 (4)
median (range) as appropriate. Sex ratio F (%) 375 42 333 1
Fischer's exact test and Wil- Gestational age (weeks) 40 (36-42.7) 40 (36.741) 39(3642.7)] 058
for statistical analysis (VGAM Head circumference (>95th percentile) ~ 50% 50% 50% 1
vein of galen malformation VGAM diagnosis (days of life) 2.5 (0-15) 1.5 (0-15) 3(0-8) 0.1
MV mechanical ventilati on,’ CCF diagnosis (days of life) 1.5(0-14) 2(0-14) 1(0-5) 0.2
CCF dlinical cardiac failure) MV onset (days of life) 3(0-19) 25(1-19) 3(0-17) 0.47
PICU admission (days of life) 12 (0-25) 12 (2-22) 11.5 (0-25) 0.56
Inotropic drug use 13 12 1 <0.0001
Dobutamine 6 5 1
Dobutamine+ dopamine 7 7
Endovascular treatment
Yes 18 6 12 0.014
First session (days) 21 (7-38) 20 (11-29) 26 (7-38) 0.68
Neurological outcome
Developmental delay 9
Epilepsy 3

Table 2 Cardiac parameters before the first endovascular emboli-
zation of the VGAM (LVSF left ventricular shortening fraction,
LVEDD left ventricular end-diastolic diameter, RVEDD right ven-
tricular end-diastolic diameter, SV shape of the interventricular

septum, PDA patent ductus arteriosus). The SIV was based on the
right-to-left side motion as follows: 1=normal, 2=intermediate,
and 3=complete right-to-left shift with LV collapse

Ultrasound parameters Dead (n=12) Survival (n=12) p
PDA (right-to-left shunting %) 10 (80%) 4 (25%) 0.003
LVEDD (mm) 20 (10-23) 20 (15-27) 0.23
LV SF (%) 47 (30-55) 39.5 (31-53) 0.68
RVEDD (mm) 16 (11-25) 15.5(8-18) 0.82
SIV pattern 1/2/3 (n=) 0/2/8 4/3/2 0.005
Cardiac output (ml:min.kg1) 395.5(265-650) 325.5 (224-500) 0.29
Systemic arterial pulmonary pressure (mmHg) 67.5 (44-85) 65 (40-90) 0.19
Suprasystemic arterial Pulmonary pressure (%) 70% 20% 0.031
Descending aortic diastolic reverse flow (n=) 8 1 0.0007

mine because of refractory hypotension (see Table 2). In-
haled nitric oxide challenge failed to demonstrate any
right pulmonary arterial pressure decrease or right ven-
tricular discharge in two (one in each of the two groups).
Three were infused with PGE2 to maintain the open duc-
tus arteriosus and lower the right ventricle after-load
with success (including one patient in the S group).

Every patient in the NS group suffered from cardiogenic
shock as previoudy defined, compared with only
1 patient in the S group (8.3%) (p<0.0001). Based on the
ventricular septum right-to-left side motion, signs of right
ventricular failure and reduced left ventricular preload (SIV
pattern=3) were more common in the NS group (p=0.005)
(Fig. 1, Table 2). The pulmonary artery pressure (PAP) was
similar in both groups (Table 2). However, the systemic
pressure (SAP) was significantly lower in the NS group,
and the ratio pulmonary over systemic arterial pressure was
significantly higher in the NS group (Table 2, p=0.031).
The incidence of PDA with right-to-left shunt and diastolic

descending aortic reverse flow was significantly higher in
the NS compared to the S patients (80 vs 25%, p=0.003).
LV SF and CO were similar in both groups (Table 2).
Embolization was performed in half of the NS patients
and in dl the 12 S patients. The LVEDD, LVSF, CO did
not change after embolization in either group. We observed
a significant decrease of the PAP (—=32%, p<0.01) in the S
group after embolization, with a normalization of the
PAP/SAP ratio (data not shown). However, PAP increased
significantly (+25%, p<0.04) after embolization in the NS
group. The right-to-left shunt disappeared after emboliza-
tionin the S patients, while it increased significantly in the
NS patients. The RVEDD aso increased significantly by
37% in the NS patients after embolization (p<0.03).
Mechanical ventilation was stopped on average 5 days
after the embolization in the S patients. The median fol-
low-up in these patients was 63 months. Thereafter, all
babies received diuretics and/or digoxin. None of them
developed further episodes of cardiac failure. Four in-
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Fig. 1 Example of right cardiac failure and PPHN complicated
VGAM in a neonate (4-D echoviews). a Suprasystemic arterial
pulmonary hypertension level on the tricuspid flow regurgitation
estimated to be around 90 mmHg. b Right cardiac failure. *Right
cardiac chambers. ¢ Type 3 septum ventricular pattern in the same
patient

fants were followed less than 24 months: three of them
had normal neurologic findings, and only one showed
neurodevelopmental delay (based on the Denver scale of
infant development) with axial hypotonia. At least 24
months of follow-up were available in the others. Three
of them had a moderate neurologic delay, including sei-
zures in one, but without severe neuromotor or cognitive
deficits (sociability and school attendance). Five were
classified as having a severe disability in the sensory and
communication domain, including two seizures, without
having the opportunity to attend regular school. All of
them had neuromotor sequel ae.

Discussion

We report our experience in the management of 24 babies
consecutively admitted with true VGAM and severe cardi-
ac failure requiring mechanical ventilation during the neo-
natal period. This study seems to confirm, as previously
reported, that neonatal VGAM complicated by severe car-
diac failure has a poor outcome, with a 50% early mortali-
ty [2, 3]. An analysis of several hemodynamic and cardiac
parameters showed that the presence of severe suprasys-
temic pulmonary artery hypertension, cardiogenic shock,
PDA with a significant right-to-left shunt, and a descend-
ing aortic diastalic reverse flow before embolization isin-
dicative of poor prognosis. These hemodynamic parame-
ters, mimicking fetal persistent circulation, are indicative
of poor prognosis markers for the disease [9]. Such persis-
tence of afetal type of circulation should not be regarded
as a true anomaly despite some unusua reports of associ-
ated congenital cardiac abnormalities (e.g., Sinus venosus
atrial septal defects, and aortic coarctation) [10]. An inter-
esting finding in this study was that a successful emboli-
zation with at least 30% reduction of the intracerebral ar-
teriovenous shunt does not always affect the PAP, which
only significantly decreased in the S patients. Moreover,
the neurologic outcome in the patients who survived be-
yond the first embolization was also severe, because only
one quarter of them had normal neurologic development
in the follow-up period. None of the NS patientsin our se-
ries was suspected antenatally to have cardiac abnormali-
ties, which may reflect a selection bias since fetal cardiac
failure (e.g., antenatal heart dilation) has aready been rec-
ognized as a situation with irreversible brain damage [7].
The systemic hemodynamic profile for VGAM in neo-
nates has been previousy documented with primary cardi-
ac catheterization and Doppler color ultrasound studies in
the few cases reported [11, 12, 13]. The high-flow arterio-
venous shunt leads to a dramatically increased systemic
venous return throughout a dilated superior vena cava and
enlarged right cardiac chambers. The high pulmonary
blood flow contributed to the left cardiac chambers over-
load and high CO. The increased PAP prevents the closure
of the ductus arteriosus, with a subsequent right-to-left
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shunt. The retrograde aortic flow into the arch arteries adds
to the reduced cerebral blood flow [11, 13]. In the most se-
vere situation, systolic right ventricular and pulmonary ar-
terial pressure is superior to the systemic arterial pressure,
and this leads to the intractable cardiac and multiple organ
failure (the ventricular septum right shift reduced both the
end-diastolic left ventricular preload and cardiac output)
[14, 15]. Moreover, sometimes reduced coronary diastolic
pressure gradient led to ischemic myocardial damage, as
previously suspected by ECG recording or documented by
pathologic features in various cerebral vascular malforma-
tions [16]. We speculate that in this earlier right or biven-
tricular cardiac falure (e.g,. symptomatic cardiac failure
requiring MV during the first week of life) there is a fixed
arterial pulmonary vascular resistance that cannot be re-
versed by embolization of the VGAM or by inhaled nitric
oxide. However, such inefficient treatment represents 4.5%
of the overall VGAM referred.

There are several experimental data showing that in-
creased pulmonary blood flow and pulmonary hyperten-
sion can alter the normal postnatal vascular remodeling,
preventing a fall in pulmonary vascular resistance, even

once the cause of the pulmonary overflow is removed
[17]. A recent PPHN fetal model with high pulmonary
blood flow, obtained by aortopulmonary shunt place-
ment, provided convincing data for an alteration of the
endothelin cascade by earlier upregulation of gene ex-
pression, contributing to vascular remodeling and en-
hancement of pulmonary vascular reactivity [18].

In conclusion, the outcome of VGAM complicated by
cardiac failure is poor, despite early diagnosis and
prompt management. Only neonates with subsystemic
arterial pulmonary pressures seem to benefit from early
embolization. Further studies are needed to understand
better why successful embolization can improve system-
ic hemodynamics in only a fraction of these patients.
Within the limit of our retrospective study, earlier embo-
lization procedure should be considered cautiously with
regard to the high mortality or poor neurologic outcome.
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