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Neuropathology of cerebral arteriovenous
malformations in children
S TAKASHIMA AND L E BECKER

From the Department ofPathology, The Hospitalfor Sick Children, Toronto, Ontario, Canada

SUMMARY Neuropathological findings in children who had died of cerebral arteriovenous mal-
formation under 6 years of age were contrasted with those of children aged 6 to 15 years. In all
subjects, the abnormalities were more marked in the shunting vessels and veins distal to the art-
eriovenous shunt than in the arteries. Fibrous thickening, calcification and adherent thrombus of
vessel wall, and gliosis and haemosiderin in contiguous neural tissue were more common in the
older than the younger children. Children less than 1 week old with vein of Galen malformations
presented with congestive heart failure and "watershed" cerebral infarction; most of those over one

week old had hydrocephalus and venous thrombosis with haemorrhagic infarction.

McCormick1 suggested that congenital vascular
malformations should include telangiectasia,
varix, cavernous haemangioma, arteriovenous
malformation (AVM) and venous malformation,
but should exclude berry aneuryisms. However,
experience with vascular malformations in chil-
dren is limited, because often these lesions do not
present until after childhood.

In patients under 16 years old, the most com-
mon type is AVM, a tangled mass of tortuous
and greatly dilated veins, supplied by an enlarged
artery, with an interposed bed of dilated vessels
in the position of the capillaries. The AVM
increases greatly in size with age, but the
mechanism of this increase is not clear.
Aneurysms of the vein of Galen (AVG), one type
of AVM, have an arteriovenous (AV) shunt and
marked dilation of the vein of Galen and sinus
system. We report on the neuropathology of
AVM in children to clarify the relationship of
their development to ageing.

Methods

We examined the clinical records, cerebral
angiograms, and autopsy records of all children
undergoing autopsy from January 1, 1958 to
December 31, 1977 at The Hospital for Sick
Children, Toronto, in whom AVM or AVG was
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diagnosed. Samples of brain for histology had
been taken and stained with haematoxylin and
eosin (H&E), luxol fast blue, cresyl violet, elastic
van Gieson (EVG), and Azan-Mallory; the
samples were from the frontal, motor, and visual
cortices, hippocampus, basal ganglia, thalamus,
midbrain, pons, medulla, cerebellum, spinal cord,
and abnormal areas. Other organs had been
examined routinely for vascular malformations.

Results

We found 28 cases of AVM, of which 16 were
AVG.
I Arteriovenous malformation (other than
A VG) All children with AVM had been over
one year old at death: four were aged one to
six years (group I) and eight aged seven to
fifteen years (group II) (table 1). In subjects 2,
3, and 4 (in group I), onset of symptoms had
been precipitous. No patient in group I had
undergone angiography. At autopsy, subarach-
noid, ventricular, or cerebral haemorrhage in
the hemispheres (subjects nos 2 and 4), or pons
(subject no 3) was found. Subject no 1 had an
AVM with aneurysmal dilation and focal calci-
fication in the frontal lobe, marked dilation of
internal and external carotid arteries, and com-
municating hydrocephalus. The only other
vascular malformation was a haemangioma of
the psoas muscle in subject no 2.
The AVMs were composed of dilated, thick-

walled vessels of various sizes; it was difficult to
determine which vessels were venous or arterial
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Table 1 Main features and test results in subjects with arteriovenous malformations

Cases Age at death Sex Signs and symptoms Angiography Operation Location of A VM Neuropathology

Group 1
1 15 mth M Hydrocephalus No Yes L frontal Hydrocephalus

Seizures Dilated carotid artery
SAH

2 19 mth M Vomiting No No L temporoparietal SAH, CH, thrombosis, neuronal oesinophilia
Coma

3 19 mth F Vomiting No No Pons SAH
Opisthotonus

4 2 yr F Headache No No L centrum semiovale SAH, CH (old), VH, neuronal eosinophilia
Stiff neck
Coma

Group II
5 8 yr F R Hemiplegia No Yes III ventricle CH (old), gliosis
6 8 yr M Headache Yes No R occipital SAH (old), VH, R CH
7 9 yr F Headache Yes No R basal ganglia SAH, VH, infarction (old)

Coma
8 11 yr M Headache Yes No L choroid plexus SAH, choroid plexus haemorrhage (old)

Coma infarction, atrophy of cerebellum
9 12 yr M Seizure No Yes L temporoparietal CH, infarction

Semicoma
R Hemiplegia

10 14 yr M Headache Yes Yes L frontoparietal Basal ganglion CH (old, recent)
11 14 yr F L Facial Palsy Yes No Brainstem SAH, pontine CH (old, recent), VH

L Gaze Palsy
L Ophthalmoplegia

12 15 yr M L Seizure Yes No Both hemispheres SAH, CH (old, recent), diffuse infarction
(9yr and 15yr) and brainstem

SAH: Subarachnoid haemorrhage, VH: Ventricular haemorrhage, CH: Cerebral haemorrhage L: Left, R: Right

Occasionally, astrogliosis was found between
vessels (contiguous astrogliosis). In subject no 2,
a thin vessel-wall surrounding a thrombus which
protruded into the ventricle was associated with
perivascular haemorrhage.
The AVMs in six of the eight cases in group Il

were confined to the cerebral hemispheres and
brainstem (fig 1). The in,itial features in most
children in group IL had been headache, seizure,
disturbance of consciousness, and hemiplegia: in
subject no 3, the initial sign was hemiplegia only,
at age two years and in subject no 12, focal
seizures at three years. The latter patient had

Fig 1 Haemorrhage with A VM in the tegmentum
of pons, with rupture into the fourth ventricle.
Luxol fast blue stain. 4 x .

undergone angiography at nine years and at 15
years; the second angiogram showed relative
increase in the AVM's size.
At autopsy, seven subjects (not no 5) had had

recent subarachnoid, ventricular, or cerebral
haemorrhage, and seven (not no 9) had evidence
of old haemorrhage (haemosiderin deposits) or
old infarctions (gliosis in or around the vascular
lesion). The AVMs had many thick-walled
abnormal vessels without internal elastic lamina
(fig 2). Aneurysmal dilation of arteries or veins

N.

Fig 2 Lamination of elastic membrane in an artery
(left) and fibrous mural thickening and absence of
elastic lamina in an abnormal vessel (right). EVG
stain. JOOX.
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was identified in four subjects. More marked in
group II than in group I were tortuosity of
vessels, vessel-wall thickness, thrombosis, contig-
uous gliosis, haemosiderin deposits, and vessel-
wall calcification.
2 Aneurysm of vein of Galen No children over
age three years had died of AVG: death occurred
most commonly in early infancy. Tihree subjects
had had low Apgar scores, congestive heart

S Takashima and L E Becker

failure soon after birth, and prenatal cerebral
infarctions and died under the age of one week
(group A; table 2). Cerebral angiograms and post-
mortem dissection of vessels showed feeding
arteriies, mainly from right and left anterior and
posterior cerebral arteries. Old infarc'tions in
subject no 2 were in the cerebral cortex and
border zones between the middle and posterior
cerebral arterial territories. Old cortical laminar

Table 2 Main features and test results in subjects wth aneurysms of the vein of Galen

Cases Age Sex Signs and symptoms Angiography Operation Feeding artery Neuropathology

Group A (days)
1 2 M 1 Min Apgar 6

Cyanosis
Tachypnoea
Twitching
CHF

2 3 M 1 Min Apgar 4
Cyanosis
Heart murmur
CHF

3 S M I Min Apgar 5
Cyanosis
CHF

Group B (days)
4 2 M RDS

CHF
5 2 M RDS

CHF

6 4 F Hypotonia
CHF

7 6 M Cyanosis
CHF, PDA

8 7 F CHF
9 7 F CHF

Seizure
Group C (days)
10 12 M Bulging fontanelle

Opisthotonus
Respiratory distress

11 12 M Cyanosis
Tense fontanelle
Hypertonia
CHF
Respiratory distress

12 28 F Cyanosis
CHF

GroupD age
13 1-5 mth F Vomiting, Seizure

Tense fontanelle
Opisthotonus

14 3 mth M Blue spells
CHF
Hydrocephalus

15 3 yr F Hydrocephalus
Spasticity
Coma

16 3 yr M Cyanosis
Hydrocephalus
PDA (ligation)

Yes No A Cerebral
P Cerebral
S Cerebellar
P Inferior
cerebellar

Yes No A Cerebral
P Cerebral

Corpus callosum infarction (old)
Ponto-subicular necrosis

Cortical infarction (old)
PL (Calcification)
Large veins in leptomeninges and cortex

Yes Yes A Cerebral Cerebral infarction (old)
P Cerebral Laminar necrosis (old)
P Communicating PL (gliosis)

No Yes P Carebral
P Communicating

No No L A Cerebral
L P Cerebral
S Cerebellar

Yes No A Cerebral
P Cerebral
A Choroidal

Yes Yes P Cerebral

Yes Yes L P Cerebral
Yes Yes P Cerebral

Pericallosal

SAH, deep white matter, brainstem tegmentum,
cerebellar infarction
Congestion (marked)

Periventricular CH, PL (recent)
Compression of R cerebral peduncle

Haemorrhagic infarction
Pontine necrosis
SAH, Neuronal eosinophilia, PL (recent)
SAH, neuronal eosinophilia,
PL

No No P Cerebral CH midbrain, CH thalamus, SEH
A Choroidal Caudate nucleus infarction

Pontine necrosis. Venous thrombosis
PL (recent), Hydrocephalus

No No - Vein of Galen thrombosis
Hydrocephalus

Yes No R A Cerebral
L M Cerebral
P Cerebral

No No -

Yes Yes A Cerebral
P Cerebral
A Choroidal

No Yes P Cerebral

Yes Yes A Cerebral
M Cerebral
P Communicating

None

CH (old, recent)
VH, Thrombosis
PL (recent)
Hydrocephalus
VH

CH (old, recent)
Brainstem haemorrhage (old, recent)
Subdural haemorrhage
Hydrocephalus
Hydrocephalus
Congestion
Cerebral Oedema

CHF: Congestive heart failure
PDA: Patent ductus arteriosus
RDS: Respiratory distress syndrome

A: Anterior
M: Middle
P: Posterior
S: Superior

PL: Periventricular leukomalacia
SEH: Subependymal haemorrhage
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necrosis was found at the border zone between
the major cerebral arteries (fig 3). Old periven-
tricular leukomalacia was also present.

Six subjects (cases 4 to 9) had had relatively
high Apgar scores and experienced congestive
heart failure several days after birth (group B).
All died by the age of one week. Examination
of their brains showed marked congestion, sub-
arachnoid haemorrhage, periventricular leuko-
malacia, and hypoxic-ischaemic neuronal damage.
Feeding arteries were one or both posterior
cerebral arteries and, occasionally, anterior
cerebral or other arteries.
Three children died at age one week to one

month (group C). Two of these had had respira-
tory distress, cyanosis, tense fontanelle, and
hypertonicity or opisthot-onus. Also, they had
thrombosis of vein of Galen or internal cerebral
veins, karyorrhexis in pontine nuclei (fig 4) and
periventricular leukomalacia. The third case had
congestive heart failure but no neurological

tv,<
40~~~~~

Fig 3 Old cortical laminar necrosis with neuronal
loss, gliosis, and foam cells. H&E stain. 60 x .
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Fig 4 Group B, Case 10. Karyorrhexis in the
pontine nuclei. H&E stain. 200 x .

abnormalities on exam;ination.
The remaining four children were aged over

one month at death (group D). Case 13 had been
well until three days before death when she had
seizures, opisthotonus, and a tense fontanelle.
Lumbar and ventricular taps were bloody and
the brain was markedly oedematous; an AVG
with thrombosis was obvious. Thrombosed vessels
were also found in the basal ganglia. In addition
to ventricular haemorrhage, recent and old
haemorrhagic infarction of basal ganglia, peri-
ventricular white matter and recent periventri-
cular leukomalacia were present. The remaining
three children in group D had hydrocephalus due
to compression of the aqueduct of Sylvius by the
AVG.

Discussion

During t-he early stage of foetal development,
circulation occurs in a sponge-like mesh of thin-
wailed vascular channels which later become
arteries, capillaries, and veins. If the normal
mature vascular pattern and structure did not
develop, primitive thin-walled tortuous vessels
may remain as one or more AV shunts.2-6 The
AV shunt demonstrated by cerebral angiography
and histology is a primary change in the AVM,
and the dilation and tortuosity of the surrounding
vessels may be secondary. The size of the AVM
gradually increases relatively or (rarely) decreases
with age.6-9
I Arteriovenous malformation Subjects in
groups I and II did not differ in sex or location
of AVM. In each group, one quarter of the cases
involved the brainstem. In group II, there was a
greater incidence of documented localised neuro-
logical deficit; all cases had had haemorrhage
into either the subarachnoid space or the brain,
and cereibral infarction (recent or old) was more
common.

Dilated and tortuous veins with abnormal
arteries were present in the histological sections.
In both age groups there were tortuous veins with
intimal thickening, mural fibrosis, narrowing of
lumen, and arterialisation (with increased
amounts of elastic tissue) of veins. The latter
change presumably was caused by increased blood
volume and pressure. In the arteries there was
thickening or thinning of th-e wall and lamination
or focal absence of elastic lamina. Changes in
veins were more marked than i.n arteries.

In AVMs, there was evidence of prior vascular
compression, ischaemia, or haemorrhage in the
intervening neural tissue.' 9 Loss of neurons,
gliosis, foam cells and demyelination were easily
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recognised. Fi'brous thickening, calcification of
vascular wall, thrombosis, gliosis, and haemo-
siderin deposits in intervening neural tissue were
more marked in group II than in group I. These
old changes of vascular wall and intervening
neural tissue may be related to enlargement or
regression in size of the AVM.
2 Aneurysm of vein of Galen There is a male
predominance both in subjects who died under
one week of age (groups A and B) and in older
subjects (,groups C and D). There were more
newborns (aged less than one month) affected
than older c;hildren. This contrasts with the
subjects with AVM: almost all our subjects with
AVM were older than any of our subjects with
AVG. Congenital heart failure is more common
in the newborns than the older children. In con-
trast, hydrocephalus is more common in the
older age group, although there is considerable
overlap.

Pathological correlation of structural damage
in AVG has been documented by Norman and
Becker.10 Their autopsy findings in seven neonatal
cases included haemorrhage, infarction, peri-
ventricular leukomalacia and cortical laminar
necrosis. They 'believed the mechanisms of
damage were: (1) a "steal" phenomenon in over-
lying abnormal vessels, (2) ischaemia or failure
of perfusion, due to congestive heart failure, (3)
thrombosis of venous aneurysm, (4) atrophy of
adjacent structures due to compression, (5) alteTra-
of flow, caused by o.perative intervention.0 11

Congestive heart failure occurs in the neonate
or infant as a consequence of rapid AV shunting
through a cerelbrail AVM.10 12-18 22 Because blood
flows from high pressure areas to low pressure
areas and sulbjects in group A had prominent
AV shunts, ischaemia or hypoperfusion occurred
at border zones between major cerebral arteries.
In group A infarction occurred, but, in groups
B, C, and D, haemorrhage was more frequent
either with or without infarction.
Thrombosis of deep cerebral veins, the vein of

Galen, or sinus system has been reported in some
suibjects with AVG'9 20; occasion-ally, thrombosis
is associated with venous infarctio.n.21 Three
cases in groups C and D had thrombosis of deep
cerebral vein.s and vein of Galen. Tihe vessel wall
of the cases in group C showed slight intima.l
thickening of the vein of Galen, especially
immediately distal to the AV shunt; this thicken-
ing increased with ageing. These vascular changes
may be contributed to by the formation of
thrombus. As the aneurysmal sac increased in
size, it compressed neighibouring structures of the
brain; the quadrigeminal plate was particularly

S Takashima and L E Becker

affected and the aqueduct of Sylvius was com-
pressed and displaced, producing internal hydro-
cephalus. Manifestation of this disease process in
older infants and children is commonly by way
of hydrocephalus rather than predominantly by
heart failure.

In summary, in terms of the main two type.s
of pathology, haemorrhage and infarction, 100%
of cases with AVM had haemorrhage and 50% of
cases with AVG had haemorrhage; 40% of cases
with AVM had infarction and 70% of cases with
AVG had infarction.
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