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Abstract. A variety of cerebrovascular abnormalities may become manifest in the first years of life. We present 
our recent experience with 7 children, ages 1 week to 7 months of age, who presented with congestive heart failure 
and progressive head enlargement (3), heart failure alone (1) and head enlargement alone (2). The anomalies include 
vein of Galen aneurysm (3), complex arteriovenous fistula (2) and posterior fossa dural arteriovenous malforma
tions (2). Computed tomographic scanning was invaluable in delineating the site of the lesion while arterial digital 
subtraction angiography was utilized to obtain the high-quality images, reduced dye volume and rapid filming. 
Direct surgical intervention was accomplished in 5 cases, while embolization was utilized in 2. One child underwent 
direct partial occlusion and embolization. Congestive heart failure resolved in 2 of 3 operated cases and improved 
in those undergoing embolization. Hydrocephalus improved in 2 cases with the elimination of the fistula. Morbidi
ty included seizures and a hemorrhagic infarction in 1 case. Neurologic outcome was satisfactory and there was no 
surgical mortality.

Introduction

A variety of intracranial vascular abnormalities be
come manifest in the first days to months after birth. 
Some may be very dramatic in their clinical and radio- 
graphic presentation, while others are more subtle in ap
pearance. None of these anomalies are seen commonly, 
while all present challenges in evaluation and manage
ment. These include obtaining an accurate definition of 
the vascular anatomy, while attending to the concomi
tant problems of congestive heart failure (CHF), 
hydrocephalus and cerebral ischemia. Computed 
tomography (CT) has provided valuable information 
regarding the nature and location of these abnormali
ties, as well as identifying any associated alteration in 
ventricular size or the presence of ischemic infarction. 
However, angiography continues to be required to de
fine the specifics of the abnormal vascular anatomy.

This poses significant problems for these infants in 
terms of vascular access, volume of contrast agent ad
ministered and the potential for aggravation of CHF. 
The purpose of this report is to describe our recent ex
perience in the evaluation and management of 7 infants 
with intracranial vascular lesions, including 3 vein of 
Galen aneurysms (VGA), 2 complex arteriovenous fistu
la (AVF) and 2 posterior fossa arteriovenous malforma
tions (AVMs).

Patient Population and Illustrative Cases

Patient Population
Charts were reviewed on all infants with intracranial arterio

venous lesions cared for by the authors over the past 10 years. This in
cluded 7 indivuals, 6 males and 1 female, ranging in age from 1 week 
to 7 months at the time of initial neurosurgical evaluation. Present
ing symptoms included CHF in 5, in 4 of these infants progressive
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Table I. Presenting symptoms in relation to age and type of anomaly

Case No. Lesion Age at presentation CHF Head enlargement Cranial
bruit

1 VGA 2 months — + (shunted) —

2 VGA 5 months - + —

3 VGA 1 week +  (severe) + +
4 AVF 6 months +  (moderate) — +
5 AVF 7 months +  (mild) + +
6 AVM(D) 6 months +  (moderate) + +
7 AVM(P-D) 2 months + (severe) + +

D= Dural; P-D = mixed pial-dural.

head enlargement was also noted and all 5 had a demonstrable cranial 
bruit. The remaining 2 patients presented with head enlargement, 
without heart failure or acranial bruit. In table I, the presenting sym
ptoms in relation to age and type of anomaly are detailed. All patients 
were evaluated with cranial CT, with and without contrast enhance
ment. Angiography, either by conventional technique or arterial digi
tal subtraction (ADSA), was also obtained. Perioperative manage
ment of volume status in those infants with CHF was aided by place
ment of a Swan-Ganz catheter. A pediatric cardiologist and neu
roanesthesiologists functioned as integral members of the manage
ment team.

Case 3
This male child was seen during the 1st week of life with severe 

CHF, progressive head enlargement and a loud cranial bruit, heard 
best at the parietal vertex. He was somnolent and had a weak cry and 
suck reflex. A conventional arch aortogram was obtained prior to ar
rival at our institution, demonstrating a large VGA. Following initial 
management of the CHF by diuresis and digitalization, CT scanning 
(fig. 1) and ADSA were obtained on separate days to delineate the 
vascular supply of the malformation (fig. 2). Both carotids and one- 
vertebral artery were studied by selective injection.

A planned, staged occlusion was undertaken when he was 8 days 
old. A right parietal craniotomy and parafalcine approach was uti
lized to expose the vessels entering the anterior-superior aspect of the 
fistula. The first two major feeding vessels were occluded with 
aneurysm clips as they entered the vein of Galen. When a third vessel 
was similarly occluded the brain began to swell and a subpial hemor
rhage developed in the right parietal lobe. This perfusion pressure 
breakthrough was successfully managed by administration of man
nitol and this therapy was continued postoperatively.

His heart failure improved temporarily and he developed seizures 
which were controlled with phénobarbital. Further evaluation dis
closed a patent ductus arteriosus which was surgically closed when it 
failed to respond to medical therapy. Because of persistent CHF at 
age 3 months, a second attempt at fistula occlusion was undertaken 
by insertion of 12 Gianturco coils, each measuring 15 cm [23], These 
were inserted in a retrograde fashion through the torcula and straight 
sinus into the aneurysm, under fluoroscopic control. He has re
mained stable with medically controlled CHF and at I year of age his 
seizures are controlled but he has shown moderate developmental de
lay. The cranial bruit is no longer audible.

Case 4
This child was seen at age 6 months because of mild heart failure. 

He had experienced a number of episodes of coughing and low-grade 
fever which had been diagnosed as bronchitis. In retrospect, these 
were caused by his CHF. On examination, lie had a cranial bruit but 
his head size and neurologic examination were normal. CT demon
strated enlarged vascular channels entering a dilated sphenoparietal 
sinus (fig. 3). ADSA confirmed the presence of an AVF involving the 
right middle cerebral artery and draining into the sphenoparietal si
nus, which was greatly enlarged (fig. 4).

Treatment consisted of a frontoparietal approach with exposure 
of the malformation. The sylvian fissure was opened and the prox
imal middle cerebral artery identified. The middle cerebral artery 
branches were followed to their entrance into the venous varix where 
they were clipped. The varix changed from red to blue in color and its 
turgor was reduced dramatically. Excision of the varix was not per-

Fig. I. Contrast-enhanced cranial CT. Multiple enlarged vascular 
structures are seen entering a central mass, which is the greatly en
larged vein of Galen. Posteriorly, the dilated straight sinus and torcu
la are evident. Ventricular enlargement is also present.
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244 Godersky/Menezes

Fig. 2. ADSA of the right common carotid artery 1.5 s al ter injec
tion. The enlarged anterior cerebral artery (arrowhead) and multiple 
middle cerebral branches can be seen entering the VGA. The paucity 
of normal vessels to the brain is evident.

Fig. 3. Contrast-enhanced CT. Marked enlargement of the middle 
cerebral artery and its branches (arrows) is evident. The two globular 
masses are the dilated sphenoparietal sinus.

Fig. 4. (a) Anterior-posterior view of the left carotid ADSA. The dilated middle cerebral artery branches enter the venous varix, lying in 
the lateral sylvian fissure. There is a relative lack of normal middle cerebral artery branches to the parenchyma, (b) Lateral right carotid DSA 
showing the rapid shunting from middle cerebral artery into the venous varix and sphenoparietal sinus.
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Intracranial Arteriovenous Anomalies of Infancy: Modern Concepts 245

Fig. 5. Contrast-enhanced CT (a) with enhancing mass adjacent to the tentorium, two vessels are seen anterior and medial to the main 
lesion. Lateral vertebral artery injection (b) after 2/ 3 s, demonstrating enlarged superior cerebellar artery (arrow) and anterior-inferior 
cerebellar artery (arrowheads) supplying the fistula. Anterior-posterior view' at 3 postinjection of the vertebral artery (c). The venous system 
is opacified while contrast remains in small arteries. The venous varix is evident in the region of the right cerebellopontine angle (arrows).

formed. Progressive collapse of the aneurysmal sac was evident on 
the postoperative CT scans 2 weeks and 3 months after surgery. He 
recovered uneventfully.

Case 5
This 7-month-old male was evaluated for intermittent episodes of 

tachypnea, tachycardia and poor feeding. A bruit was audible in the 
right parietal-occipital area. Mild CHF and cariomegaly were evident 
on examination and chest radiograph. The head was enlarged and the 
anterior fontanelle full. Radiographic evaluation included a CT 
which demonstrated an enhancing 1 x 1.5 cm mass in the right cere
bellopontine angle. ADSA defined the lesion as an AVF involving the 
anterior-inferior cerebellar artery and marginal branches of the su
perior cerebellar artery (fig. 5). In addition, the ipsilateral anterior 
circulation filled the fistula by way of an enlarged posterior com
municating artery. Surgical correction was undertaken through a 
right subtemporal transtentorial approach. The enlarged superior 
and anterior-inferior cerbellar artery branches were followed to the 
fistula and occluded. The aneurysmal sac was not excised. Subse
quent CT scans showed normalization of the ventricular size and 
resolution of the aneurysmal mass.

Case 6
This 6-month-old child presented with high-output heart failure, 

head enlargement and a cranial bruit. On CT scan, an enhancing 
posterior fossa mass (fig. 6) was evident. Angiography done prior to 
our routine use of digital subtraction techniques demonstrates contri
butions to the malformation from posterior meningeal, middle 
meningeal, tentorial and occipital artery branches (fig. 7). This AVM 
was not considered to be resectable by a direct approach. Staged em
bolization was chosen as a means of reducing the flow through the

malformation and thereby treating the heart failure. Particulate em
bolization was carried out on 2 separate occasions. Potembolization 
CT demonstrated reduced flow through the AVM. His heart failure 
became medically controllable and his head size stabilized. He is 
2 years postembolization and has not required further intervention.

Fig. 6. Noncontrast head CT. Mild ventricular enlargement is 
present. A mass is seen posteriorly ( • )  wich is comprised of enlarged 
vascular channels in the tentorium and the venous outflow through 
the dilated torcula.
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246 G oders ky/ M enezes

Fig. 7. Lateral (a) and anterior-posterior (b) 
views of the left vertebral angiogram 1.5 s after 
injection, a An aneurysmal dilatation is seen on 
the superior cerebellar artery (arrow) before it 
enters the AVM. Enlarged posterior meningeal 
vessels constitute the main supply to the mal
formation (arrowheads in a and b).

Treatment and Results

A summary of the therapies employed for control of 
these malformations is listed in table II. In the first 
5 cases, a direct surgical approach was used with occlu
sion of the arterial branches at the site of the fistula. A 
single operation was required in 4 cases. In case 3, a se
cond procedure, consisting of transvenous placement of 
Gianturco coils, was required for control of his symp
toms. In both dural AVMs (cases 6 and 7) staged emboli
zation with particulate material was chosen to reduce 
the flow through the malformation. A direct surgical 
approach was not felt to be feasible in these patients. 
Although the AVMs were incompletely occluded, the

Table II. Summary of therapies

Case No. Lesion Treatment

1 VGA complete occlusion
2 VGA complete occlusion
3 VGA partial occlusion/venous embolization
4 AVF complete occlusion
5 AVG complete occlusion
6 AVM(D) staged arterial embolization (partial)
7 AVM(P-D) staged arterial embolization (partial)

D=Dural; P-D = mixed pial-dural.

patients CHF was controlled in both cases with regres
sion of the AVM over subsequent follow-up examina
tions by CT.

The outcome was favorable in the group as a whole 
(table III). Hydrocephalus was present preoperatively 
in 6 of 7. One underwent ventriculoperitoneal shunt 
placement at another institution prior to our evalua
tion. In the remaining 5 cases, the ventricular enlarge
ment was mild in 3 and moderate in 2. The ventricular 
size improved in all 5 cases and none of these have re
quired shunt placement. CHF, present in 5 cases, 
resolved completely in 2 and was controlled medically in 
the remaining 3. The neurologic status was considered 
normal in 5, while 2 showed moderate developmental 
delay.

Discussion

None of the vascular lesions described in this report 
are commonly seen [4, 13]. The VGA have been report
ed most frequently. In a review of the literature in 1982, 
Hoffman et al. [11] noted 128 previous reports of VGA. 
The actual incidence of this malformation is unknown. 
Reports of AVF [20, 31, 39] and dural AVM [1, 15, 21] 
have been infrequent.

It is evident that CHF has a prominent role in the 
pathophysiology of these infants [5, 8,9, 18,24,25, 36].
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Table III. General and neurologic outcome

Case No. Lesion General outcome Neurologic outcome

1 VGA hydrocephalus previously shunted normal
2 VGA hydrocephalus improved normal
3 VGA CHF improved, 

hydrocephalus improved
parietal infarct,
moderate developmental delay

4 AVF CHF resolved normal
5 AVF CHF resolved, 

hydrocephalus improved
normal

6 AVM(D) CHF improved, 
hydrocephalus improved

normal

7 AVM(P-D) CHF improved, 
hydrocephalus improved

moderate developmental delay

D = Dural; P-D=mixcd pial-dural.

Recognition of heart failure is not difficult when overt 
but in milder cases it may be confused with other forms 
of respiratory disease, such as recurrent bronchitis, 
pneumonia or asthma. The heart failure occurs because 
of the increased volume of blood passing through the in
tracranial arteriovenous communication [7, 14], This 
high output failure is difficult to manage prior to 
closure of the intracranial shunt. A pediatric cardiolo
gist plays an integral role in the management of these pa
tients pre- and postoperatively. These children were fre
quently referred to us by the cardiologist because of the 
suspected intracranial shunt. It must be remembered 
that associated congenital heart disease may also be 
present, for example a patent ductus arteriosus, and this 
may complicate the patient’s management [7, 19].

Disordered embryogenesis has led the list of caus
ative factors for the development of these malforma
tions [6, 26]. These malformations are frequently 
characterized by massive enlargement of the venous 
outflow tract with the formation of a venous varix. 
AVMs encountered in adults rarely are associated with 
such venous dilatation, especially if the drainage is via a 
cortical vessel. The structure of the vein of Galen and 
the fact that it lies free in the subarachnoid space, as op
posed to being encased in dural sheath, has been pro
posed to explain the massive enlargement in some 
VGAs. However, we and others [20,39] have seen similar 
enlargement at other sites of venous drainage, associat
ed with high-flow AVF (cases 4, 5). Vinuela et al. [38] 
have recently described alterations in the venous 
drainage of deep-seated AVMs including venous occlu
sions, vessel wall irregularities and stenosis. They pro

pose that these changes are the result of intimal damage 
from the turbulence. It is most probable that these are 
secondary changes and not responsible for the malfor
mation itself. However, Lasjaunias et al. [16] have pro
posed that enlargement of the vein of Galen only occurs 
if the intracranial fistula is associated with a distal dural 
sinus occlusion.

Previous reports dealing with VGA have detailed the 
presenting signs and symptoms of these lesions and 
related them to the age at the time of diagnosis [2, 10, 
11]. It is generally accepted that the higher the flow 
through the malformation the earlier the age of presen
tation. Those with very high flows are seen in the first 
days to weeks of life with high-output cardiac failure. 
Malformations with lesser flows usually present for 
medical attention because of head enlargement, secon
dary to hydrocephalus. Headaches, hemorrhage or 
progressive neurologic dysfunction are seen in older 
children or adults.

The presence of head enlargement in these infants, 
with or without a cranial bruit, led to evaluation by CT 
scanning. These studies were routinely obtained both 
with and without contrast enhancement. In all in
stances, the presence of the vascular pathology was 
demonstrated [3,34], Additional information is also ob
tained with CT regarding ventricular size, the presence 
of existing ischemic infarction or associated ex
tracerebral fluid collections. Angiography was per
formed in all cases [6], General anesthesia was employed 
and a transfemoral route used for access. Early in our 
experience, standard angiography with selective injec
tions of the feeding vessels was obtained. As our ex
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248 Godersky/Menezes

perience with ADSA widened, this technique was used 
routinely. In the evaluation of high-flow AVF and 
AVMs, ADSA offers the advantage of very rapid filming 
up to 10 frames per second, as compared to 3 per second 
with conventional angiography. Furthermore, ADSA 
uses less contrast per injection, allowing selective study 
of the multiple vessels contributing to the malforma
tion. Conventional angiography often reaches the maxi
mum contrast limit of 4-5 cmVkg without obtaining 
full definition of the vascular malformation [3, 20]. 
This necessitates repeating the study at a subsequent 
procedure. The resolution of ADSA has been quite satis
factory for planning operative approaches in the 3 cases 
described. The reduced dye volume with ADSA also 
limits the risk of exacerbation of CHF and renal failure.

The pathogenesis of the hydrocephalus associated 
with these lesions has engendered a great deal of discus
sion. Such hydrocephalus occurs unusually in neonates, 
but frequently is seen in infants and older children [11] 
and has had its onset as late as 62 years of age [29]. In 
VGA it is felt that the mass created by the venous 
aneurysm compresses the aqueduct of Sylvius leading to 
the hydrocephalus [24]. Other cases of venous compres
sion of CSF pathways have also been reported [30]. 
Hydrocephalus is frequently present when the VGA is 
thrombosed but the exact cause of the hydrocephalus in 
these cases is unclear [17, 32], Measurement of sagittal 
sinsus pressure, before and after occlusion of the AVF, 
has shown high pressures that become normal after oc
clusion [23]. This elevated sinus pressure may impede 
CSF absorption leading to ventricular enlargement. 
Repeated, subclincal episodes of subarachnoid hemor
rhage have also been implicated as a potential cause of 
hydrocephalus [29]. It is also possible that a combina
tion of factors may be involved. In 5 of our cases, the 
hydrocephalus improved following obliteration of the 
fistula or reduction in the flow through the malforma
tion. To date, none of these patients have required a 
shunt. This observation does not help us answer the 
question as to the pathogenesis of hydrocephalus, in 
that it would fit with all the theories except that of recur
rent subarachnoid hemorrhage. However, we feel the 
shunting is not uniformly required if the malformation 
can be treated. Other reports of the need for shunt place
ment following malformation treatment have been vari
able.

It is well accepted that in the neonate with high-out
put cardiac failure, management must include reduction 
or obliteration of flow through the fistula. How this end 
is best accomplished remains to be settled. The majority

of VGAs are composed of a fistulous connection be
tween feeding arteries and the vein of Galen. Some 
authors have recommended ligation of the arterial sup
ply along with resection of the aneurysmal vein of Galen 
[33]. A more widely held opinion is that the venous por
tion need not be resected (as it represents a normal chan
nel for venous drainage) as long as the fistula is occlud
ed [2, 40]. We ascribe to this approach [22] and have 
demonstrated gradual reduction in the size of the 
venous portion of the AVF (cases 4 and 5) following 
fistula interruption. The procedure is simplified by leav
ing the sac in place and avoids the risk of causing im
pairment in venous drainage. In instances where the var- 
ix is clotted, removal of the thrombus from the venous 
sac may be appropriate, but again the vein itself need not 
be removed [32].

A more critical question in management is a determi
nation of whether the fistula may be occluded in a single 
procedure or whether staggered occlusion is more ap
propriate [19]. This must be individualized based on the 
patient’s symptoms and cardiac status. Attempted com
plete occlusion of the fistula in neonates with high-out
put cardiac failure has uniformly led to volume overload 
and death from heart failure. Even partial occlusion 
may stress an already ischemic and maximally dilated 
heart [11, 12]. Furthermore, perfusion pressure break
through, as seen in our case 3, may occur. This problem 
has been discussed in a number of reports [28, 35]. Mea
surements of sagittal sinus pressure [23], cardiac out
puts and flow through the fistula [27] may eventually 
serve as guides to determine the amount of occlusion 
that can be best tolerated. In older children, without sig
nificant cardiac failure, fistula occlusion can usually be 
accomplished in a single procedure, but volume status 
and cardiac function need to be monitored closely in 
these individuals.

High-flow dural and mixed dural-pial AVMs present
ing in infancy are extremely difficult problems to eradi
cate. Attempts at embolization, resection and a combi
nation of these procedures have been employed [1]. Las- 
jaunias et al. [15] have described symptoms ranging 
from cranial nerve dysfunction to impairment in corti
cal function, in adults with dural AVMs. It was our goal 
(cases 6 and 7) to reduce the flow through the AVM to a 
sufficient degree to control the CHF. This has been ac
complished for the present. It is possible that further in
tervention will be needed should other symptoms arise.

Autopsy studies of neonates with VGA and severe 
heart failure have demonstrated the existence of antena
tal ischemic infarction in water shed zones, as well as
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hemorrhagic infarction occurring postdelivery [26, 37]. 
These findings and the poor prognosis with or without 
surgery have led some to fatalistically recommend that 
these infants should not be aggressively treated. 
Although the outcome for these gravely ill infants is 
poor, it does not appear hopeless. Further advances in 
medical and surgical management may lead to satisfac
tory outcomes for some. Those individuals presenting 
with hydrocephalus, seizures, subarachnoid hemor
rhage or cerebral ischemia have a more favorable prog
nosis.

Summary

Seven infants are described with intracranial vascular anomalies. 
Evaluation with CT and ADSA angiography helped guide interven
tional therapy. CHF was resolved or became medically manageable 
following reduction or elimination of flow through the vascular mal
formation. Obliteration of the fistula without resection of the venous 
aneurysm improved the hydrocephalus in 2 cases. Reduction of flow 
through the malformation in 3 other cases also controlled the 
hydrocephalus. Neurologic outcome was considered satisfactory fol
lowing successful treatment.
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Editorial Comment

This paper nicely outlines the therapeutic options that 
are available for the treatment o f infants with high flow  
arteriovenous anomalies o f the brain. The authors 
demonstrate that the prognosis for these infants with 
heart failure as a result o f one o f these lesions is no longer 
hopeless. With the exception o f the newborn with severe 
uncontrollable failure who dies in the first 24-48 h o f life, 
children with heart failure as a result o f A VMs can be 
stabilized and, in many cases, have the lesion decrease in 
size or cured. The operative morbidity and mortality 
have diminished markedly and make the procedures well 
worth considering.

We still are not certain o f the prognosis for this group 
o f children i f  they go untreated. It does appear, however, 
that the majority o f these children will develop neurolog
ical problems related to their vascular lesion: headache, 
bleeding, or intellectual deterioration, steal, even 
although this may be delayed for 10-20 years. The avail
ability o f CT and M RI scanning and the use o f digital

subtraction angiography have made the definition o f  
these lesions much easier. The ability to define the feeders 
has allowed intervention, whether surgical or radiologic
al, with relatively tow morbidity. The goals o f surgery are 
not yet clarified. The authors rightly observe that in these 
lesions with heart failure, the initial goal o f the therapy is 
to reduce the heart failure by diminishing flow through 
the lesion rather than to make efforts to completely abol
ish the arteriovenous fistula. It is not at all clear whether 
complete obliteration at some later time is necessary or 
not. Long-term follow-up o f this group ofpatients will be 
necessary to obtain the answer.

This review points out the importance o f selecting 
therapy based on the individual child and his or her 
problems. Many o f these children will indeed survive the 
first few months o f life without requiring surgical inter
vention, others may require only a shunting procedure in 
the early phases but will require some other surgical in
tervention through childhood.

Derek A. Bruce, MD
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