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Four female infants with large cerebral great vein of Galen 
malformations were examined at the Cleveland Clinic between 
1979 and 1982. All patients had a loud intracranial bruit and 
pulmonary flow murmurs with bounding peripheral pulses. Com-
puted tomography (CT) scanning with contrast was diagnostic in 
all cases. A staged surgical procedure was performed in 3 of the 4 
patients, and one patient died before surgery could be performed. 
Arterial feeders were clipped during two staged operative proce-
dures with no surgical mortality. At follow-up 2 infants are devel-
opmentally normal. One infant, who had suffered preoperative 
intracerebral bleeding, continues to have evidence of hemiparesis 
and developmental delay. Awareness of the clinical signs of great 
vein of Galen malformations and rapid neurosurgical intervention 
with the use of a staged surgical approach may result in higher 
surgical survival rates than previously reported. 
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The overall outlook for infants with large great vein of 
Galen arteriovenous malformations in infancy has been 
extremely poor. As of 1982 the mortality was 85%.1-33 

Even with early neurosurgical intervention, there is signif-
icant postoperative morbidity with only three reports of 4 
patients after surgery who are developmentally normal at 
long-term follow-up.'4"37 

We describe our experience with 4 infants who presented 
with large cerebral arteriovenous malformations. With a 
staged surgical approach, all 3 infants survived surgery, 
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and 2 appear to be developmentally normal at 
long-term follow-up. 

Case reports 
Case 1. A 3.5-kg full- term white female infant was noted 

to have cyanosis, tachypnea, and cold hands and feet at 
bir th. She had been t rea ted with digoxin and diuret ics at 
a n o t h e r institution and t r ans fe r red to T h e Cleveland Clinic 
Founda t ion . At admission, the six-day-old infant was in mild 
respira tory distress with signs of congestive hear t failure. 
She weighed 3.5 kg with a head c i rcumference of 36 cm. 
Blood pressure was 8 0 - 9 0 / 5 0 - 6 0 mm Hg. T h e chest was 
clear. A loud con t inuous bruit was hea rd over the c ran ium. 
All per iphera l pulses were bound ing . T h e r e was a right 
ventr icular lift with an increased pu lmonary componen t of 
the second hear t sound, a n d a g r a d e 11/VI systolic m u r m u r 
at the left uppe r sternal bo rde r . T h e liver was palpable 3 - 4 
cm below the r ight costal margin . O t h e r physical a n d neu-
rologic f indings were normal . 

T h e chest rad iograph revealed marked cardiomegaly 
(Fig. 1 ,A). T h e e lec t rocard iogram demons t ra t ed r ight ven-
tricular hyper t rophy , r ight atrial en la rgement , and inverted 
T waves in leads I, AVR, AVL, V5, and V6. A contrast C T 
scan showed midline a r te r iovenous mal format ion . An intra-
venous digital subtract ion angiogram (DSA) (Fig. 2) de f ined 
the aneurysm and demons t r a t ed its feed ing vessels. An in-
tra-arterial cerebral ang iogram definitively out l ined the 
large a r t e r iovenous mal format ion with its nu t r ien t vessels 
(Fig. 3). 

At six days the infant unde rwen t initial clipping of the 
arterial feeding vessels on one side of the mal format ion . 
T w o days later, the second surgical clipping was p e r f o r m e d 
on the contralateral side. Postoperatively, seizures a n d oc-
casional p r e m a t u r e ventr icular contract ions developed, and 

the infant was given phenyto in (Dilantin). Both seizures and 
p r e m a t u r e contract ions resolved within two days. 

At long-term follow-up, th ree years following the initial 
repair , she is not taking medicat ion and is developmental ly 
normal . Her head c i r cumfe rence is 48.4 cm, which is nor-
mal for age, and results of a detai led neurologic examina-
tion are normal . A grade I - I I / V I innocent pu lmonary flow 
m u r m u r continues. A plain film of the chest (Fig. 1,B), 
is now normal with a ma rked decrease in cardiac size 
f r o m the preopera t ive study. Bilateral soft systolic brui ts 
cont inue. 

Case 2. A full-term white female had m u r m u r and 
cyanosis at two days of age. Cardiac catheterization at two 
weeks of age demons t r a t ed the g rea t vein of Galen ar ter io-
venous mal format ion , and she was t rans fe r red to T h e Cleve-
land Clinic Foundat ion . 

O n physical examinat ion , she was mildly cyanotic at rest 
with tachypnea. T h e hear t ra te was 1 5 0 - 1 7 0 / m i n and the 
respiratory ra te 7 5 / m i n . T h e infant weighed 2.8 kg. T h e 
chest was clear. T h e r e was a right ventr icular lift with an 
increased pu lmonary componen t of the second hear t sound 
and an S3 gallop. A grade 11/VI systolic m u r m u r was heard 
at the left uppe r sternal bo rde r . A port wine stain was seen 
over the an te r io r calvarium, and a cont inuous brui t was 
heard over the calvarium. All per iphera l pulses were bound-
ing. Marked hepatomegaly was noted . O t h e r physical and 
neurologic f indings were normal . A plain film of the chest 
demons t ra ted cardiomegaly with increased pu lmonary vas-
cularity. T h e e lec t rocard iogram showed r ight ventr icular 
hyper t rophy , right atrial en la rgemen t , right axis deviation 
fo r age, and S T and T wave changes (Fig. 4). 

Digoxin and fu rosemide (Lasix) were adminis tered in an 
a t tempt to manage the congestive hear t failure be fore neu-
rologic investigation. T w o days following admission, the 
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Fig. 2. Case 1. In t ravenous digital subtract ion ang iogram (DSA) of a great 
vein of Galen aneurysm. Black arrow indicates vein of Galen aneu rysm and I he 
white arrow the pos ter ior cerebra l a r t e ry . 

infant had a cardiac arrest and could not be resuscitated. A 
pos tmor tem study was not obta ined. 

Case 3. At fou r to six weeks of age, a ful l- term white 
female was noted to have an enlarging head c i r cumfe rence 
of 40.5 cm, which is g rea te r than the 95th percent i le fo r 
age. At six weeks she had u n d e r g o n e ventr iculoperi toneal 
shunt ing for hydrocephalus , and a great vein of Galen 
aneurysm was discovered. 

O n physical examinat ion , she weighed 4.8 kg with a blood 
pressure of 1 4 0 / 5 0 mm Hg. Hear t rate was 1 2 0 - 1 4 0 / m i n . 
All per ipheral pulses were bounding . T h e r e was a g r a d e I-
I l / V I shor t systolic m u r m u r at the left upper sternal b o r d e r 
with an increased pu lmonary componen t of the second hear t 
sound. A g rade I I / V I brui t was hea rd over the c ran ium. 
T h e liver was at t he r ight costal margin . O t h e r physical a n d 
neurologic f indings were normal . A chest r ad iograph 
showed cardiomegaly with increased pu lmonary vascularity, 
and an e lec t rocard iogram demons t ra t ed right ventr icular 
hyper t rophy . 

A C T scan with contrast clearly del ineated the ar ter io-
venous mal format ion , and a cerebral a r te r iogram def ined 
the arterial feeders . T h e infant underwen t a two-stage sur-
gical clipping. She cont inues with the VP shunt fo r hydro-
cephalus with a head c i rcumference that is now in the 75th 
percenti le f o r age. T w o years a f te r surgery the re is a soft 
pu lmonary flow m u r m u r with completely normal neurologic 
development . A grade I I / V I cont inuous brui t cont inues to 
be heard over the head. 

Case 4. A ten-month-old white female infant had left 
hemiparesis secondary to in t racerebral bleeding. Develop-
mental delay had been no ted at six mo n t h s of age. A hear t 
m u r m u r and cardiomegaly were no ted at that t ime, but no 
diagnosis was made . T h e pat ient was seen in consultat ion 
following a lecture at a n o t h e r hospital and b rough t back to 
T h e Cleveland Clinic Foundat ion . O n e week be fo re admis-
sion, the patient had had a left-sided seizure and left hemi-
paresis. She had been a full- term baby with no perinatal 
problems. 

O n examinat ion at T h e Cleveland Clinic Founda t ion , she 
weighed 7.2 kg, which is less than the 5th percent i le fo r age. 
Head c i rcumference was 48 cm, which is g rea te r than the 
95th percent i le for age. A small hemang ioma was seen on 
the fo rehead , and a g rade I I I / V I con t inuous brui t was 
noted over the calvarium. A g rade I I / V I systolic m u r m u r 
was hea rd at the left uppe r sternal b o r d e r with an increased 
pu lmonary componen t of the second hear t sound. An elec-
t rocard iogram demons t r a t ed right ventr icular hyper t rophy . 
Cardiomegaly and increased vascularity were noted radi-
ographically. 

A C T scan demons t r a t ed the a r te r iovenous mal format ion 
with a large right-sided in t racerebra l bleed (Fig. 5), con-
f i rmed by in t racerebral angiography. T h e infant underwen t 
a two-stage surgical clipping. At long-term neurologic fol-
low-up about 1 8 mon ths a f t e r surgery, she cont inues to have 
left-sided weakness, which had been no ted preoperat ively 
secondary to preopera t ive int racerebral bleeding. In addi-
tion, significant developmenta l delay is evident . T h e electro-

 on July 24, 2025. For personal use only. All other uses require permission.www.ccjm.orgDownloaded from 

http://www.ccjm.org/


'298 Cleveland Clinic Quarterly Vol. 50, No. 2 

Fig. 3 . Case I. Cerebra l a r t e r i o g r a m , early filling, d e m o n s t r a t i n g 
a large vein of Galen aneurysm (large white arrow). Small white arme 
indicates large pos te r ior cerebra l a r te ry . 

e n c e p h a l o g r a m is a b n o r m a l , a n d h e a d c i r c u m f e r e n c e is 
g r e a t e r t h a n t h e 9 5 t h p e r c e n t i l e f o r a g e . N o b r u i t c o u l d b e 
a u s c u l t a t e d . 

Discussion 
Pathophysiology: Infants with large great vein 

of Galen arteriovenous malformations have in-
creased cardiac output secondary to a markedly 
increased stroke volume. T h e superior vena cava 
is usually significantly dilated, and the patients 
present with high output congestive heart failure. 
Most patients will have both tachycardia and 
increased stroke volume. Peripheral resistance is 
decreased with a widened pulse pressure, second-
ary to the large arteriovenous runoff . Increased 
cardiac volume contributes to the congestive 
heart failure. We have been particularly im-
pressed with the right ventricular and right atrial 
volume overload with signs of right-sided conges-
tive heart failure. Because of increased right-
sided volumes, the pulmonary artery, right ven-
tricular, and right atrial pressures may increase. 
An increased right atrial pressure, a dilated right 
atrium, and a stretched foramen ovale secondary 
to elevated atrial pressures can induce a right-to-
left shunt via the patent foramen ovale, thereby 
causing clinical evidence of cyanosis. All of our 
patients demonstrated cardiac abnormalities in 
infancy, consistent with biventricular volume 
overload and congestive heart failure. Trea tment 

n m 

AVR AVL AVF 

Fig. 4. Case 2. Preopera t ive 12-lead e lec t roca rd iogram demons t r a t i ng r ight ventr icular hype r t rophy , right atrial 
en l a rgemen t , with inver ted T waves at leads i. 11 and III , A V R , AVL, V5, and V6. 
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of secondary cardiac problems in the patients 
with large cerebral arteriovenous malformations 
is difficult, accounting for the high mortality 
encountered in these patients.1 31 One patient 
died of severe heart failure before surgery could 
be performed. 

Even with aggressive neurosurgical manage-
ment, mortality for infants with cerebral arterio-
venous malformations has been 85%. As of 1 982, 
there were 319 cases reported in the literature 
with 263 deaths.1"33 Thirty-two patients are alive 
with severe neurologic abnormalities at follow-
u p . T e n patients have been described who 
are alive and believed to be neurologically nor-
mal, but follow-up consisted only of the imme-
diate postsurgical hospitalization.1"33 There are 
only three reports31"1 ' of 4 infants who are alive 
and neurologically normal at three months post-
operatively (1 patient), one year postoperatively 
(2 patients), and three years postoperatively (1 
patient). Thus, even with early neurosurgical in-
tervention, few patients are neurologically nor-
mal postoperatively. T h e neurologic abnormali-
ties may be present preoperatively and may be 
secondary to intrauterine cerebral damage as a 
result of the significantly reduced local tissue 
perfusion to the brain secondary to shunting of 
blood through the aneurysm with pronounced 
cerebral damage, or due to hemorrhage or asso-
ciated cerebral malformations. 

Half the cerebral venous malformations re-
ported in the literature have involved the middle 
and posterior cerebral arteries, the vertebral ar-
tery, and the great vein of Galen. In our patients, 
the arteriovenous malformation was supplied by 
the posterior cerebral arteries bilaterally in 2 
patients, a left posterior cerebral and right thal-
amoperforator in one, and by a left vertebral 
artery in one patient. 

As the vein of Galen is markedly dilated, the 
flow of cerebrospinal fluid through the aqueduct 
of Sylvius may be obstructed, giving rise to hy-
drocephalus. Thus, the size and complications of 
the arteriovenous malformation account for the 
three major presentations in infancy and child-
hood. Infants with extremely large arteriovenous 
malformations present in early infancy primarily 
with cardiovascular effects and congestive heart 
failure (cases 1 and 2). Other children present in 
later infancy with hydrocephalus (case 3) and also 
may have congestive heart failure. A third group 
present in later infancy and childhood with an 
intracerebral bleed and also may have hydro-
cephalus (case 4). One of our patients died in 
severe congestive heart failure prior to any at-

Fig. 5. Case 4. Con t ras t c o m p u t e d t o m o g r a p h y d e m o n s t r a t i n g a 
large vein of Galen aneurysm (large nrrmi'). No te r ight t empora l 
in t racerebra l h e m o r r h a g e (double arrows). 

tempt at surgical correction, which reemphasizes 
that congestive heart failure in these patients may 
be severe, unrelenting, and unresponsive to con-
ventional therapy. We feel that diagnosis should 
be based on clinical findings and angiographic 
review, with surgical therapy instituted as soon 
as possible. In reviewing the electrocardio-
grams of our 4 patients, we found the ST and T 
wave changes suggestive of subendocardial is-
chemia in two. This finding has recently been 
reported by the group from Toronto Sick Chil-
dren's Hospital.1 These two patients were the 
youngest in our series. 

The CT scan with contrast material is diagnos-
tic in these patients and, indeed, was definitive in 
all of our patients in whom it was performed (3 
of 4 patients). Not only could the arteriovenous 
malformation be visualized (Fig. 5), but accom-
panying central nervous system abnormalities, 
such as an intracerebral bleed (Fig. 5), could also 
be demonstrated. Modic et al38 first described 
the use of peripheral intravenous DSA in our 
case 1 in the demonstration of an arteriovenous 
malformation. Digital subtraction angiography 
outlines the malformation clearly, and appears to 
be a useful procedure to follow contrast and 
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hence C T scanning, and should precede arteri-
ography in patients with suspected arteriovenous 
malformations. We do not feel at present that 
DSA sufficiently defines all arterial feeders, so 
we perform selective arteriography in all patients 
to accurately demonstrate the feeding vessels 
(Fig. 3). Digital subtraction angiography may also 
be useful in infants and children with significant 
intracranial bruits and negative CT scans. 

After accurately defining the feeding vessels, a 
staged surgical approach can be used in which 
the vessels are clipped on one side. The patient 
can then return a few days to a few weeks later 
for surgical ablation of the feeders on the contra-
lateral side. During the intervening period, 
congestive heart failure decreases, and the pa-
tient is more easily managed from a cardiac stand-
point. 

Despite the high surgical mortalities reported 
in the literature,1"37 all 3 of our infants survived 
a staged neurosurgical procedure. In addition, 
with prompt recognition and surgical interven-
tion, 2 of our 3 patients are developmentally 
normal at long-term follow-up. The one patient 
not neurologically normal had suffered signifi-
cant central nervous system bleeding prior to 
surgical correction. With awareness of the clinical 
signs of arteriovenous malformations, diagnosis 
may be made quickly and easily in the newborn. 
Rapid surgical intervention with staged surgical 
procedures may result in higher surgical survival 
rates with improved neurologic function. Arte-
riovenous malformation is still present in these 
infants, but its hemodynamic effects have been 
alleviated. All of our infants had normal cardio-
vascular examination with merely an innocent 
pulmonary flow murmur. Long-term prognosis 
in these infants remains to be defined. 
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