






















ARCHIVES OF DISEASE IN CHILDHOOD
however, his right hemiparesis was markedly increased,
and during the first two weeks there was very little
voluntary movement in either the right arm or the right
leg. Also there was some questionable dysphasia,
while sensibility to touch and pinprick was impaired
on the right side. Thereafter, however, there was a
gradual improvement in power and sensation, so that
six weeks after operation, when he was discharged, he
could walk again. At that time he had some voluntary
movement of the shoulder and elbow, but none of the
wrist and fingers. Power at the right hip and knee
was approximately 30% of normal, but there was a
foot drop. Sensibility had returned to its preoperative
level. Psychological testing now gave an I.Q. of 70
on the Wechsler scale, but it was thought that this appar-
ent improvement was not statistically significant and

FIG. 22.-Case 5, antero-posterior air encephalogram showing
shrunken left cerebral hemisphere with capacious subarachnoid

spaces.

at the occipital pole (Fig. 24). Dr. Barbara Smith
reported on a block from the parietal lobe as follows:

'The thickened pia-arachnoid was full of large
vascular spaces with thin collagenous walls. These
spaces did not involve the nervous tissue itself. There
were an increased number of astrocytes in the cortex,
particularly in the superficial layers, and considerable
submarginal gliosis. Some of the neurones showed
ferruginous incrustation. There was only a small
amount of calcium in the cortex.'

PROGRESS. The postoperative course has been
smooth, and he has not subsequently had any further
fits during the three year follow-up period. At first,
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FIG. 23.-Case 5, view of resected hemisphere showing diffuse
vascularity of the pia-arachnoid.

F IG. 24.-Case 5, radiograph of specimen showing characteristic
calcification only at occipital pole.

might be the result of practice. The E.E.G. was flat
on the left, and showed normal alpha rhythm on the
right side. A short burst of wave and spike activity
was seen on over-breathing (D. Hill). The most recent
intelligence quotient on the W.I.S.C. scale is 66 (D.
Shalman). The patient had commenced work as a
messenger boy.

Discussion
These five cases are all well marked examples of

Sturge-Weber disease, the essential abnormality of
which is the congenital lepto-meningeal venous
angioma. Our cases conform to the excellent recent
descriptions of pathological data given by Medoc
et al. (1953-54), by Lichtenstein (1954), by Wohlwill
and Yakovlev (1957), and by Norman (1958). The
angioma brings about a progressive destruction of
the cerebral cortex, and the clinical effects depend
upon the location of the damage and the rapidity
with which it occurs. It does not lead to an intra-
cranial bruit.
The case histories of our patients are typical of

the more advanced cases of this condition and the
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ENCEPHALOTRIGEMINAL ANGIOMATOSIS
TABLE

SUMMARY OF RESULTS OF OPERATION

Clinical Features at Time of Operation Clinical Features at Time of Follow-up

Case No. Laterality of Duration of
Age Sex Affected Epilepsy Behaviour Follow-up Epilepsy Behaviour Intelligence
(yrs) Hemisphere (yrs)

1 31 M Left Several attacks Sullen 8 Fit-free Sociable Improved,
daily educable

2 6 F Left Two to three Frequent temper 7i Fit-free Sociable Improved,
attacks per week tantrums educable

3 31 F Right Fits had ceased Frequent temper 5 Fit-free Sociable Improved,
during infancy tantrums educable

4 16 M Left Fits every month Frequent temper 3 Fit-free Satisfactory Still grossly
tantrums defective

5 12 M Left Several attacks Normal 3 Fit-free Still normal Improved,
daily educable

salient features are summarized in the Table. At
birth the infant appears quite normal apart from
the unilateral facial telangiectasis. After a varying
period, in our cases from 3 weeks to 9 months,
the child begins to have epileptic seizures which
initially involve the side of the body contralateral
to the naevus. Later they may spread to the other
side as well. The frequency and severity of the
fits vary widely. At about the same time as the
fits commence, the limbs in the side opposite to the
naevus are noted to be weak. This weakness
apparently increases as the child grows, and may
develop into a marked infantile hemiplegia with
wasted shortened and spastic limbs. Further, as
the child grows older, mental backwardness becomes
evident, and temper tantrums and other behaviour
disorders may make their appearance. The charac-
teristic calcification seen in radiographs may be
absent in early infancy, and not appear until later.
The combination of epilepsy, backwardness and
unmanageability may make institutional care neces-
sary. All five of our cases had both facial naevus
and infantile hemiplegia. Cases 1, 2 and 4 ex-
hibited the most complete clinical pictures: Case 3
had only a transient epilepsy, but a persistent
personality disorder, and Case 5 had epilepsy but
a normal personality.
Our cases also illustrate well the value of radiology

in this condition, a topic which has recently been
intensively reported by Poser and Taveras (1957).
All five cases showed marked hemicranial atrophy
with a shrunken cerebral hemisphere, which was
well outlined in four of the cases by the charac-
teristic calcification and in all five cases by pneumo-
encephalography. In two cases (Case 1 and 2)
calcification was not noted in the skull radiographs
taken in infancy, but was markedly developed by

the third year of life. Poser and Taveras (1957)
also remark on this. In Case 5 the calcification
was detectable only in the occipital pole even
although the angioma was widespread. Carotid
angiography was performed in only two of our cases,
both during infancy, and no vascular abnormality
was noted. Such a negative finding (except for
evidence of hemicranial atrophy) agrees with the
usual consensus of opinion (Moniz and Lima, 1935;
Bergstrand, Olivecrona and T6nnis, 1936; Riechert,
1943). However, Poser and Taveras (1957) point
out that in many cases the presence of the capillary-
venous angioma can be disclosed by serial angio-
graphy, and that other lesions such as arterial
thromboses and external carotid artery anomalies
may be disclosed. Only one case with a cirsoid arterio-
venous malformation appears to have been reported.
None of our cases had suffered from intracranial
haemorrhage, although instances both of subarach-
noid haemorrhage and of subdural haemorrhage
have been reported in this condition (Cushing, 1906;
Poser and Taveras, 1957).
There are still comparatively few case reports

in the literature of operative intervention for Sturge-
Weber disease. Balado (Dimitri and Balado, 1933)
performed a craniotomy under local anaesthesia
in 1930 on Dr. Dimitri's patient, then aged about
20 years, exposing a cirsoid venous angioma which
he treated by electrocoagulation of the principal
surface vessels without any alteration in conscious-
ness. Subsequently the patient continued to have
attacks, but with a reduced frequency. Krayenbuhl
et al. (1957) state that Tonnis, in 1934, tried the same
procedure, but did not describe the results.
A few neurosurgeons report cases in which the

Sturge-Weber malformations appear to have been
localized to a small part of the cerebral hemisphere
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ARCHIVES OF DISEASE IN CHILDHOOD

which was then excised, apparently with benefit.
Thus Broager and Hertz (1949) report the case of
a 5-year-old boy in which the left premotor region
was excised largely on E.E.G. evidence. There
was a naevus of the face and a naevus on the inner
side of the dura in the premotor region, while a
number of fine tortuous vessels were noted in the
pia of the affected region. The patient was followed
up for one year, and was free of fits, but still on
anticonvulsive medication. Other surgeons who
have reported comparable cases include Green,
Foster and Berens (1950), occipital lobe with
characteristic calcification; Huber and Zweymuiller
(1954), parietal lobe; and Krayenbiihl et al. (1957),
temporal lobe. However, a recurrence of epilepsy
can follow upon these limited excisions (Krayen-
buhl, 1959).

Cairns and Davidson (1951) record the first
case successfully treated by hemispherectomy. This
was a 7-year-old girl with infantile hemiplegia,
fits and behavioural disturbances. One year later
she was free of fits, her intelligence quotient had
risen from 63 to 73, and she appeared educable.
Polani (1952) in the following year, gave a pre-
liminary report on the first two cases included in
this present paper. Obrador Alcalde (1958), in a
recent paper, mentions that other cases have been
successfully operated on by Paillas and by McKissock
(Laine and Gros, 1956), by French et al. (1955), and
by Goodall (1957), and he adds a sixth case report
from his own experience. This was an 11-year-old
patient observed to be free from fits 14 months
after the operation.
A recent report from the Mayo Clinic (Peterman

et al., 1958) mentions that operation was carried
out in four of 35 cases seen in the period from 1935
to 1956. Three of these cases had been submitted
to a lobectomy rather than to a hemispherectomy
with relief of seizures in one case. The fourth
patient had undergone a craniotomy, but the lesion
was not extirpated because of the extent of the
angioma. Of the 35 cases, 31 had had adequate
follow-up studies, and these showed the variability
which is encountered in the course of this disease;
17 of the patients were considered well, and two
had never had a convulsion; 15 had continued to
have seizures, some, however, infrequently. One
other of their patients had undergone a cortical
excision elsewhere with a successful result. Four
patients had died, one after craniotomy and three
after progressive deterioration at ages between
9 months and 7{ years. Ten patients had done
poorly, five being confined to institutions. Of the
17 patients who had done well, only three showed
mental retardation. One indeed had graduated

from college, and several were married and rearing
families.
The drastic procedure of cerebral hemispherec-

tomy or the less severe one of lobectomy are there-
fore justified only when there is a proper indication,
i.e. disabling epilepsy and/or a personality disorder.
If the angiomatous lesion is circumscribed in the
brain, a local extirpation may be all that is necessary
(Broager and Hertz, 1949), but, if it is widespread
throughout one cerebral hemisphere, removal of
that hemisphere is indicated.

Our cases show that provided the other hemi-
sphere is structurally normal, hemispherectomy may
be confidently expected to abolish the seizures and
produce a real improvement in the personality.
The infantile hemiplegia is not improved, and sub-
sequent operative procedures may prove necessary
to correct a talipes equinus. The patient remains
backward, but his intelligence as rated by the usual
tests may improve a little even in relation to his
increased age, and he may function as a high-grade
mental defective and be educable. Thus it has led
to improvement in learning in all four of our
patients who were operated upon during childhood.
It did not benefit Case 4 who was operated upon
as an adult. Our experience in all these respects
is in agreement with the results of hemispherectomy
performed for other types of infantile hemiplegia
(Krynauw, 1950).

Before the operation is undertaken, the condition
of the other hemisphere is checked by pneumo-
encephalography and electroencephalography. Pool-
ing of air over the surface in dilated subarachnoid
spaces or ventricular dilatation on the supposedly
good side indicates damage to it. The electro-
encephalographic findings need to be interpreted with
caution. Krynauw (1950) demonstrated in his
cases of infantile hemiplegia that E.E.G. abnor-
malities in the good hemisphere often cleared up
after removal of the diseased one. This may
explain both the postoperative improvement in
personality and in intelligence.

Given proper indications, the operation is well
worthwhile, and the question arises as to the best
stage at which it should be performed. An opinion
in this respect is largely based on theoretical premises.
We have no evidence to suppose that it will benefit
a child with infantile hemiplegia but without
epilepsy or a personality disorder. If, however,
one or both of these is present (and in our cases
they had all appeared within the first year of life),
the child should be operated on at an early stage
in order to stop the seizures and improve learning
capacity. The skull of a young infant, however,
because of its flexibility, makes the closure
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ENCEPHALOTRIGEMINAL ANGIOMATOSIS 447

of a large craniotomy difficult. The youngest age
at which operation was performed in this series
was 31 years, and no great difficulty was encoun-
tered. On theoretical grounds the child could have
been operated on with equal ease between the ages
of 2 and 3 years, which is probably the preferable
age period. As in other conditions causing in-
fantile hemiplegia, aphasia does not appear, even
when the left cerebral hemisphere is removed
(Krynauw, 1950).

Summary
The case histories of five patients with advanced

Sturge-Weber disease (encephalotrigeminal angio-
matosis) are recorded. All exhibited epilepsy
and/or a behavioural disturbance occurring in
association with an infantile hemiplegia and their
epilepsy and personality conditions were improved
by excision of the affected cerebral hemisphere
(hemispherectomy), but not their infantile hemi-
plegia. All remained mentally backward, but the
four who were operated on during childhood
proved to be educable. These findings conform
to the observations made by others who have
performed hemispherectomy for this condition.

We wish to thank the various physicians who have
referred us their cases. In particular we are grateful
to Dr. P. R. Evans, Mr. P. H. Schurr, Professor P. M.
Daniel, Dr. A. L. Woolf, and Dr. Barbara Smith who
have helped us with the text, and the various psychologists
who have given us their reports. The radiographs were
provided by Dr. R. D. Hoare. We are also grateful to
the Medical Research Council for a grant towards the
investigation of patients with epilepsy treated by surgery
which has made the follow-up possible.
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