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Intracranial arteriovenous malformation with aneurysm
of the vein of Galen as cause of heart failure in infancy
Echocardiographic diagnosis and results of treatment
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SUMMARY Sixteen patients with an intracranial arteriovenous malformation associated with an
aneurysm of the great vein of Galen have presented to The Hospital for Sick Children, Great
Ormond Street, over the past 13 years. Ten patients presented in cardiac failure and all were
referred as having a primary cardiac condition. Latterly, cross-sectional echocardiography with
contrast injection has been found to give rapid and accurate diagnosis in this condition and has
avoided invasive cardiac investigations, though it has not replaced the detailed neuroradiological
studies required for the treatment of this condition. The prospects for survival and a satisfactory
outcome in neonates are poor.

Extracardiac arteriovenous malformations are an
uncommon cause of severe cardiac failure in infancy.
An intracranial arteriovenous malformation associated
with an aneurysm of the great vein of Galen is the
most frequent of such arteriovenous malformations.
Its presence may lead to diagnostic confusionl 2
because the signs point towards a cardiac cause. In
this condition, cardiac failure most frequently occurs
in the first two weeks of life, but may not be apparent
for several months, and in the minority is absent. The
size, number, and nature of the vessels within the
malformation determine the degree of arteriovenous
shunting and consequently the time of onset of heart
failure.

Cyanosis in the neonatal period causes further
diagnostic difficulty because the raised pulmonary
vascular resistance, combined with the low systemic
vascular resistance caused by the large arteriovenous
malformation promotes right to left shunting, usually
through a persistent ductus arteriosus or patent fora-
men ovale.3 A large systemic venous return may also
be associated with a right to left shunt, though, if
there is relatively little systemic venous desaturation
at high flows, cyanosis may be less apparent.

In this report we review the mode of presentation,
method of diagnosis, and results of treatment in
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patients with cerebral arteriovenous malformation
associated with aneurysm of the vein of Galen, and
discuss the role of cross-sectional echocardiography in
making the diagnosis.

Patients and methods

Between 1969 and April 1982, 16 patients with aneur-
ysm of the vein of Galen presented to The Hospital for
Sick Children, Great Ormond Street. Three of these
patients were studied prospectively by echocardiogra-
phy, and the remaining 13 were reviewed by reference
to the records of the cardiology, neurosurgery, and
morbid anatomy departments.

Sixteen patients with an aneurysm of the great vein
of Galen presented over a 13 year period. Ten (65%)
presented in cardiac failure, and eight required treat-
ment for cardiac failure in the first month of their
lives. There were 13 male and three female patients,
giving a sex ratio of 4:1, M:F. Their ages ranged from
1 day to 10 years, with most presenting in infancy
(Table 1). The patients are grouped according to the
classification of Amacher and Shillito4 (Table 2).

MODE OF PRESENTATION
The 10 patients who presented in cardiac failure are
summarised in Table 3. Coarctation of the aorta and
cardiac failure of uncertain, presumed cardiac, cause
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Table 1

Case Type Sex Age Cardiac failure Neurosurge,y Outcome twith age Cause ofdeath

1 1 M I d Yes No Died 4 d CF
2 1 M I d Yes No Died 3 d CF
3 1 F I d Yes No Died 2 d CF
4 1 M 1 d Yes Yes Died 3 w CF
5 1 M I d Yes No Died 3 d CF
6 1 M 4 d Yes No Died 5 d CF

7 3 M 3 mth No Yes* Died 5 mth NS
8 2 M 4 mth Yes Yes Alive l y
9 3 M 5 mth No Yes Alive 5 y
10 2 M 5 mth Yes Yes Died 5 mth NS
11 2 M 9 mth Yes Yes Died 18 mth NS-L
12 3 M 20 mth No Yes Died 2 y NS-L
13 2/3 M 21 mth Yes No Died 2½2 y N

14 4 F 3Y2 y No Yes Died 33/4 y NS
15 4 M 72 y No No Alive Ilyy
16 4 F 10 y No No Alive 24 y

*Surgery carried out at referring hospital; CF, cardiac failure; NS, complications after neurosurgery; N, natural death from lesion; L, late
death; d, days; w, weeks; mth, months; y, years. Type, type according to the classification of Amacher and Shillito4.

Table 2 Classification ofanewuysms of the great vein ofGalen were the usual referring diagnoses. An intracranial
(from Amacher and Shillito4) arteriovenous malformation was not suspected in any

Group Presentation Characteristic presenting signs
I Neonatal Severe cardiac failure; cranial

bruit; predominantly male
2 Neonatal or Mild heart failure neonatally;

infancy craniomegaly and bruit one
to six months later

3 Infancy Craniomegaly, cranial bruit
4 Late (3½ to 27 y) Headache; exercise syncope,

calcified pineal rim

oI tnese patients.

METHOD OF DIAGNOSIS
After examination at this hospital, such an arterioven-
ous malformation remained unsuspected in five of the
10 patients with cardiac failure. Four of these were
investigated invasively by cardiac catheterisation with
left ventricular angiocardiography. The clinical state

Table 3 Presenting cardiological features and methods ofdiagnosis

Case Clinical features and age Referring Clinical diagnosis Cardiac Neuroradiological tests
No. diagnosis suspected diagnostic tests

1 Congestive cardiac failure at 1 d C Yes Cardiac angiography None
2 Congestive cardiac failure,

acidosis, ventilated at 1 d C Yes None None
3 Congestive cardiac failure

acidosis, ventilated at 4 d Coarctation No Cardiac angiography None
4 Congestive cardiac failure at 1 d Coarctation No Echo Cerebral angiogram
5 Congestive cardiac failure at 1 d C Yes Echo None
6 Congestive cardiac failure at 4 d Coarctation No Cardiac angiography None
10 Congestive cardiac failure at 4 d C No Cardiac angiography Cerebral angiogram;

(again at 5 w) CT scan
11 Murmur at 4 d

Mild congestive cardiac
failure at 4 w

Fits and congestive cardiac
failure at 9 mth C No Cardiac angiography Cerebral angiogram

8 Congestive cardiac failure at 4 mthC Yes Echo Cerebral angiogram;
CT scan

13 Murmur, cardiomegaly,
fits and cerebrovascular
accidents at 18 mth AV Canal Yes None Cerebral angiogram

C, Cardiac failure of uncertain cauise, presumed primary cardiac; d, days; w, weeks; mth, months; CT, computerised tomography.
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Echocardiography of vein of Galen aneurysm

of these infants was made worse by this procedure and
one died within two hours. The fifth patient was
investigated by cross-sectional echocardiography
which provided the diagnosis (see echocardiography).
Of the five patients in whom the diagnosis was sus-
pected clinically, two had the diagnosis confirmed by
cross-sectional echocardiography without cardiac
angiography. In three patients, therefore, echocar-
diography provided the diagnosis, excluded any
associated cardiac abnormalities, and obviated the
need for cardiac catheterisation and cardiac angiogra-
phy.

CARDIAC CATHETERISATION/ANGIOGRAPHY
The characteristic finding at cardiac catheterisation
was a higher oxygen content in the superior vena cava
than in the inferior vena cava, and this was often
associated with a right to left shunt at atrial or ductal
level. Left ventricular angiography was characterised
by an enlarged ascending aorta, enlarged innominate
and carotid arteries, and a rapid return (two to three
cardiac cycles) of contrast to the dilated superior vena
cava.

ECHOCARDIOGRAPHY
Heart and great vessels
Three cases had cross-sectional echocardiographic
studies; the findings described below were constant in
all three patients. The subcostal and precordial four
chambered views showed dilated and hyperdynamic
left and right ventricular chambers with no atrial or

ventricular septal defects. In the suprasternal cuts,
the ascending aorta, arch arteries, superior vena cava,
and innominate vein were dilated. In one patient with
an associated persistent ductus arteriosus, both
ascending and descending aorta appeared large with a
narrow isthmus between (like pseudo-coarctation-
see Fig. 1).
A venous contrast study was performed in one

patient by injecting a 2 ml bolus of micro-bubbles of
air into a peripheral vein. The micro-bubbles shunted
from the right to the left atrium across a patent fora-
men ovale and then returned to the superior vena cava
within a few cardiac cycles, having passed unchanged
through the cerebral malformation. The absence of a
fine capillary network within the cerebral arterioven-
ous malformation explains why the micro-bubbles
pass unchanged into the jugular veins. This rapid
transit of contrast from the left side of the heart,
through the aneurysm and into the superior vena
cava, is a useful sign when the fontaneile is closed and
direct visualisation of the brain through the
ultrasound window of the skull cannot be obtained.

Skull
In viewing the cerebral anatomy, the transducer is
placed over the anterior fontanelle and the scan made
first from anterior to posterior in the frontal plane,
and secondly from side to side with the beam perpen-
dicular to the frontal plane. In all three cases, the
aneurysm was seen in the midline and posteriorly as a

Fig. 1 These pictures arefrom a patent with an aneurysm ofthe vein ofGalen. The echocardiogram on the right
is obtainedfrom the suprasternal approach and shows the dilated ascending aorta and brachiocephalic vessels. Also
note the relative isthmal narrowing indicated by the arrows. The specimen is from the same case and again shows
these features.
AO, aorta; PA, pulmonary artery.
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large central echo-free space (Fig. 2). Multiple feed-
ing vessels were also visualised, though not
sufficiently well for neurosurgical treatment. In the
patient in whom the venous contrast study was per-
formed, air micro-bubbles were seen to pass rapidly
through the aneurysm. In one other patient, the lat-

eral ventricles were seen to be dilated.

NEUROLOGICAL INVESTIGATIONS
Cerebral angiography via the carodid or vertebral
route was performed for accurate anatomical
definition before neurosurgery. One neonate and

Fig. 2 The upperpanel is an angiogram in a case with an aneurysm ofthe vein ofGalen.
Note the large aneuysm and the dilated communicating vein posteriorly. The lower picture
is a cross-sectional echocardiogram from the same case and again shows the aneurysm and
vein.
AN, aneurysm of the vein ofGakn; V, communicating vein.
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Echocardiography of vein of Galen aneurysm

eight children had cerebral angiography, and all but
one (case 13) proceeded to neurosurgery. The diag-
nosis had been previously made by clinical examina-
tion, cardiac angiography, or echocardiography.

Results of treatment

All the neonates died in hospital because of the sever-
ity of their cardiac failure. In this group,
neurosurgery was considered to be hopeless, though
percutaneous retrograde venous insertion of beryl-
lium wire was tried without success in one (case 4).
The two oldest children (aged 7 and 10 years) who

had neither cardiac failure nor neurosurgery are alive
several years later. Of the remainder, between the
ages of 3 months and 3 years, two out of eight are
currently alive after neurosurgery. (This involved
either clipping of feeding vessels or ventricular
decompression by a shunt procedure.) All the deaths
were related to early or late complications arising from
the neurosurgery, or from the lesion itself, rather than
from the effect of cardiac failure.

Discussion

In the majority of neonates and infants with intracra-
nial arteriovenous malformation associated with an
aneurysm of the vein of Galen, severe congestive car-
diac failure suggests a diagnosis of congenital heart
disease. Investigations are, therefore, directed
towards defining the exact lesion. The use of cross-
sectional echocardiography in the sick neonate and
small infant especially provides a rapid and accurate
assessment of intracardiac anatomy. The diagnosis of
an intracranial malformation of the vein of Galen was
made reliably by cross-sectional echocardiography,
using both the suprasternal and transfontanelle
approaches in the three patients studied.
These patients have previously been subjected to

the invasive investigation of cardiac catheterisation
with cardiac angiography-a procedure that carries an
appreciable morbidity in severely ill neonates.
We suggest that cross-sectional echocardiography

should be the first line of investigation of any infant
with the signs of congestive cardiac failure and that
echocardiography has replaced cardiac angiography/
catheterisation in the diagnosis of intracerebral
arteriovenous malformations. When neurosurgery is
contemplated, cerebral angiograms will continue to be
required as the cerebral radiographs produced by
most angiocardiography units are of insufficient detail
for treatment. The views are therefore usually repe-
ated with direct carotid and/or vertebral angiograms.
Echocardiography eliminates the need for the pre-
liminary invasive cardiac investigations. It does not,
however, replace detailed cerebral angiography yet.

The features that characterise an extracardiac
arteriovenous communication with an aneurysm of
the vein of Galen are: (1) cranial bruit; (2) signs of a
large left to right shunt; (3) the absence of a major
intracardiac defect; (4) dilated hyperdynamic left and
right ventricles and dilated ascending aorta, arch ves-
sels, superior vena cava, and innominate vein; (5) a
rapid passage of contrast from the left side of the heart
to the superior vena cava via the cerebral malforma-
tion; (6) the presence of a large central cerebral echo
free space.
Each of these last four features was accurately

defined by echocardiography in our series, and was
similar to those reported by Snider et al.5 In particu-
lar, the use of the suprasternal approach facilitates the
assessment of the size of the aortic arch and head
vessels.6

Conclusion

Echocardiography eliminates the need for an invasive
cardiac angiographic investigation in the sick neonate
and infant, and provides an accurate and rapid diag-
nosis of a cerebral arteriovenous malformation with
aneurysm of the vein of Galen. The avoidance of a
potentially dangerous procedure is of benefit to those
in whom neurosurgery may be contemplated, even
though they may still be subjected to detailed
neuroradiological procedures, and it is a kindness to
those in whom neurosurgery is not contemplated.

The authors would like to thank Mr Grant and Mr
Hayward of the Neurosurgical Unit, The Hospital for
Sick Children, for their assistance and permission to
report these patients, and Dr Erdohazi, Department
of Pathology, for her assistance.
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