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SUMMARY Nine children treated for acute leukemia or lymphosarcoma developed subacute
encephalopathy starting with listlessness, depression and impairment of speech. Walking
difficulties, ataxia, spasticity and sphincter disorders developed later. Transient intracranial
hypertension and abnormal movements respectively developed in two patients. EEG frontal slow
waves, raised CSF protein, abnormal white matter radioisotope uptake and CT scan hypodensity
with patchy contrast enhancement were evident at the onset. Later, dilated ventricles and
calcification appeared in the younger patients. Post-mortem neuropathological studies of three
patients disclosed predominantly perivascular myelin loss in areas of white matter necrosis,
abnormalities of small vessels and numerous axonal swellings. The spinal cord showed secondary
degeneration of the corticospinal tracts. Analysis of the aetiological factors in this series points to
the prevailing danger of cranial radiotherapy, probably increased by the young age of patients
and by associated drug administration.

Great improvement in survival has resulted from the
contemporary treatment of acute leukemia. How-
ever, this has been associated with the appearance of
various previously unobserved neurological compli-
cations that have recently been reviewed.' 2 Since
the first report by Kay et al,3 many papers have dealt
with the problem of subacute necrotising
leukoencephalopathy.4-7 A recent symposium on
the subject indicated the importance of the subject
(Rome 1981) and the difficulties of clinical diagnosis
and of the aetiology. Clinicopathological observa-
tions are rare;7-9 and cerebral biopsies recently have
been reported.'" We describe nine patients who
developed this complication.

Patients

The series comprised nine children followed from 1970 to
1981 for acute leukemia (eight cases) or lymphosarcoma
(one case). Detailed case reports have previously been
reported concerning patients 3, 4 and 5." The drugs
administered included prednisone, vincristine,
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rubidomycine, cyclophosphamide, aracytine and
L-asparaginase. Meningeal prophylaxis included
intrathecal methotrexate in patients 3, 4, 5, 7 and 9 and
cranial irradiation in all patients (fig 1). For leukemia,
maintenance treatment included orally administered
methotrexate and 6-mercaptopurine. In addition, two
patients received supplementary cranial irradiation.
Patient 7 received 20 Gy and later 10 Gy in fractionated
doses because of meningeal relapse. Patient 9 received
10 Gy in a single dose before bone marrow transplantation
(fig 1).

Methods

For all children, repeated neurological examinations were
performed by one of us. Neuroradiological studies
included technetium brain scan in four patients, cerebral
angiography for one and CT scan for six. CT was repeated
during the follow-up of two patients. Cerebrospinal fluid
(CSF) studies included detailed viral serology for all
patients including measles, herpes, cytomegalovirus,
mononucleosis, mumps, poliomyelitis, protein index and
electrophoresis'2 in six patients, and the level of basic pro-
tein'3 in four patients. Post-mortem neuropathological
study of the brain was performed in three patients, includ-
ing the spinal cord ih two.

Results

The series included five girls and four boys aged 2
65
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Fig 1 Follow-up of the 9 patients. Notice lack of detailed knowledge concerning chemotherapy ofpatients n° 1, 2 and 6.

years 3 months to 8 years 6 months at onset of the
haematological disease, and 2 years 10 months to 13
years 3 months when the first signs of the neurologi-
cal complication appeared. The delay from onset of
the haematological treatment to appearance of the
encephalopathy ranged from 5 months to 7 years 5
months (fig 1).

CLINICAL SIGNS
In nine patients the onset was rapid enough for the
parents to specify the day or week when the disease
started. The first signs appeared without fever, and
consisted of behavioural disorders including depres-
sion with unexplained bursts of tears, listlessness,
reduction of speech and drowsiness. These symp-

toms progressively worsened over a period of a few
weeks, the child becoming mute, akinetic and indif-
ferent. By that time, instability of gait appeared and
examination elicited pyramidal and cerebellar signs.
Involuntary micturition was frequent. Increasing
swallowing difficulties appeared later, as a result of
pseudo-bulbar palsy.

In two patients, abnormal movements were

observed soon after onset of the disease, consisting
of slow involuntary athetoid movements with distal
predominance. Although initially unilateral, they
soon extended to both sides. Abnormal postures
with opisthotonus and head retraction could also be
observed. These phenomena increased as the child
cried. During a period of 1 to 2 months, these symp-
toms progressively worsened and, in two patients,

transient clinical and ophthalmological signs of
intracranial hypertension appeared-vomiting,
drowsiness and papilloedema.

LABORATORY AND RADIOLOGICAL STUDIES

Lymphopenia and hypogamma-globulinaemia were

not observed in any case. From the onset of the first
clinical signs, diffuse but predominantly frontal delta
slow waves were recorded in the EEG of all
patients. In five patients, CSF transudative protein
increased, ranging from 0-42 to 2-8 g/l. Virological
studies were all negative. The CSF level of basic
protein measured in one patient 24 hours after
appearance of the first signs was normal. In two
patients, high levels were recorded 2 to 4 months
after onset. In patient 9, it remained normal 4 weeks
after onset, although he died a few months later
(table).
Technetium brain scan showed, in two of four

patients, diffuse uptake in the white matter, I and 2
weeks respectively after onset. The one angiography
performed was normal. CT scan performed in four
patients less than 2 months after onset disclosed in
three cases symmetrical hypodensity of the white

Table Basic protein (pg/ml)

Days 1 15 30 60 120

Patient 3 0 - 1500 580 -

Patient 5 - 1336 - - -

Patient 4 - 0 - - -

Patient 9 - - - - 0
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Fig 2 (A) CT Scan
patient 4, 2 weeks after
onset ofneurological signs.
Notice diffuse hypodensity
of the white matter, non
visibility of the lateral
ventricles, and contrast
enhancement disseminated
in the white matter
(arrows). (B) CT Scan
patient 4, 6 months after
(A). Notice dilated
ventricles, widened sulci
and areas of calcification
in the depths ofsulci.

matter and in two cases localised contrast enhance-
ment of one or a few limited areas of the white
matter (fig 2A). In two of these patients, CT scan
repeated over 6 months after onset disclosed subcor-
tical calcification near the base of the sulci and con-
siderable dilatation of the ventricuies -(fig 2B).
The evolution was clearly different according to

the age at the time of onset of the haematological
treatment. In the six patients aged under 5 years, the
period of progressive worsening lasted 1 to 2 months
and was followed by stabilisation and later by prog-
ressive improvement after the 3rd and 4th month of
evolution. However, in all patients, severe sequelae
persisted, consisting either of severe mental impair-
ment in three patients, of whom one died of
haematological relapse, or of vegetative state in
three patients, of whom one died 6 months later
without apparent haematological relapse. In the
three older patients, progressive deterioration
resulted in vegetative state and death 7 weeks to 8
months after onset.

CORRELATION WITH THE HAEMATOLOGICAL
TREATMENT
Details of the haematological treatment were avail-
able for six patients. The neurological complications
appeared after 3 to 20 administrations of vincristine
and after 5 to 53 administrations of intrathecal
methotrexate. The delay from the last administra-
tion to onset of the neurological complication
ranged from 5 days to 4 months for vincristine and
from 5 days to 8 months for intrathecal methotre-
xate. The neurological signs appeared 3 to 11
months after completion of the radiotherapy (fig 1).

NEUROPATHOLOGICAL STUDIES
In patient 8 the brain weighed 1,320 kg. The
meninges were thin and transparent. Several small
greyish areas were present, disseminated in the cen-
trum semi-ovale. Microscopically, the lesions were
located in the white matter and were of variable
severity. They ranged from a simple myelin pallor
easily seen in the anterior part of the centrum
semi-ovale, to complete necrosis sometimes becom-
ing cavitated. Eosinophilic aggregates existed, in
small well-limited areas 2 to 3 mm diameter; silver
staining by Bodian's method showed spherical or
oval appearances corresponding to axonal swellings.
A few lipid phagocytes, intermingled with these
eosinophilic bodies, appeared concentrated around
the remaining vessels. In addition to these focal sof-
tenings, many small areas of tissue disintegration
appeared, centred on a small vessel with an often
thickened and hyalinised wall. The perivascular
space was then occupied by a cuff of mononuclear
cells, but more often by red cells intermingled with
fibrinous exudates and by a periadventitial fibrosis.
A few points should be stressed: The vessels

within and at the periphery of the areas of necrosis
were numerous and showed marked alterations:
their walls were thickened, hyalinsed and occasion-
ally infiltrated by mononuclear cells. Their lumen
was sometimes narrowed by endothelial prolifera-
tion. Complete thrombosis was very rare (fig 3).
Very many small rounded areas of calcification
could be seen. This did not infiltrate the walls of the
vessels, but sometimes impregnated the recognis-
able glial and neuronal cell processes. Axonal swel-
lings were quite numerous, not only in the areas of
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Fig 5 Patient 8-Necrosis around the occipital horn.

Fig 3 Patient 8--Centrum semiovale showing thrombosis Lyzsanfrmei
in a small vessel (arrow) and periadventitial fibrosis around
to other vessels. H and E x 140.

softening, but also disseminated in small aggrega-
tions particularly in the pes of the pons (fig 4).

Topographically, the lesions were numerous and
non-coalescent. Small round areas of softening
could be seen far from the ventricles, in the whites#
matter of superior frontal, orbital, and superior and \r'
middle temporal gyri. Near the ventricle, particu-
larly around the occipital horn, there was a narrow
strip of necrosis reaching the ependymal wall (fig 5),
the epithelium of which was widely destroyed.

stripofnecrosisreaching the ependymal wall (fig 5),

the PONo

4:

I5 -'s S
;SA kth_e#'it

Fig 4 Patient 8-Pes of the pons. Aggregation of rounded
or oval axonal swellings. H and E x 200.

rig o ratient 8-Pons. Note a small area ofmyelin
disintegration interrupting pontocerebellar fibres (arrow).
Luxol fast blue x 55.
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Further out, the tapetum was preserved but was cir-
cumscribed by a second strip of myelin pallor involv-
ing thalamic radiations. The basal ganglia were
normal, except for a small softening in the supero-
external part of the left putamen. In the cerebellum,
several foci of confluent necrosis were present in
deep white matter, whereas the white matter of the
folia was mostly preserved. In the brain stem, a cys-
tic softening occupied the right part of the tegmen-
tum of the midbrain and extended into the brachium
conjunctivum. Several small foci of myelin disinteg-
ration partially interrupted the ponto-cerebellar
fibers (fig 6), and, even more so, the corticospinal
tracts. In the spinal cord, both lateral pyramidal cor-
ticospinal tracts showed clear loss myelin and gliosis.

In summary, patient 8 necropsy revealed mul-
tifocal necrotising leukoencephalopathy was present
with vascular lesions, even far from the necrotic
areas. The perivascular topography of many areas of
tissue disintegration was striking (fig 7). The spinal
cord showed degeneration secondary to interruption
of the corticospinal tracts.
The two other cases differed from the first only by

the severity and the diffuseness of the lesions. In
patient 9, the white matter lesions appeared diffuse
macroscopically especially anteriorly where the

A~~~~~

IV.~~~~~~

Fig 7 Patient 8-Centrum semiovale. Perivascular
collection offat--granule cells around a small vessel.
H anid E x 295.

white matter was greyish and soft. In case 8, the
vascular lesions showed predominantly periadventi-
tial fibrosis, perivascular exudates of fibrin and red
cells. Calcification was particularly marked, in the
centre of the necrosed area. A few aggregations of
axonal swellings could be seen, especially in the
brain stem. The lesions were widespread in the cen-
trum semi-ovale, especially in its anterior part (fig 8)
and spared the occipital region. In the cerebellum,
they destroyed the major part of the white matter.
In the brain stem, they were more discrete, reduced
to small areas of myelin destruction involving par-
ticularly the pontocerebellar fibres. The spinal cord
was normal.

In patient 7, the lesions were particularly severe.
Macroscopically there was a strikingly excavated
appearance of necrotic areas with serpiginous bor-
ders, disseminated through the centrum semi-ovale
and predominating in the anterior part. The vascular
lesions were severe and identical to those of patients
8 and 9, with numerous vascular and perivascular
mononuclear cell cuffs. There was no calcification
and the aggregations of axonal retraction balls were
quite numerous. The lesions were distributed
through the anterior and medial part of the centrum
semi-ovale (fig 9), more limited in the temporal and
occipital regions. Small foci of softening were also
found in the hila of the nucleus dentatus, the

Fig 8 Patient 9-Frontal lobe: diffuse loss ofmyelin with
some areas ofcystic necrosis. Loyez x 1.
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Fig 9 Patient 7-Diffuse pallor ofmyelin ofthe centrum semiovale with cystic cavitation in the right
hemisphere (arrow). Loyez.

brachium conjunctivum and the brachium pontis.
The cortex and the basal ganglia were spared.

Discussion

Among the various neurological complications of
acute leukaemia, leukoencephalopathy has a con-
stant pattern and its diagnosis can be made during
life. Indeed, the pattern shown by the disease in the
cases of Bleyer and Griffin,7 De Vivo et al,8 Hendin
et al,'4 Kay et al,3 Rosemberg,9 Rubinstein et al,'4
and ours is very similar.

Clinically there is progressive psychomotor
deterioration. Convulsions are very rare and were
not seen in our patients. The onset is usually so pre-
cise and the symptomatology so characteristic that
the diagnosis should be suggested when a patient in
remission of acute leukaemia suffers from speech
impairment and behavioural changes. The most
simple and reliable diagnostic tool is undoubtedly
CT scan which shows white matter hypodensity.7
Localised contrast enhancement'0 should not be
confused with lymphoblastic infiltration.'5 We there-
fore believe that brain biopsy is not necessary for the
diagnosis; furthermore it may give negative results
in cases with focal lesions (patient 8). Gangji et all6
claimed that CFS basic protein level may be an early
and reliable diagnostic and prognostic tool. How-
ever, in our short experience, it seems to have
limited value: high levels were inconstant and of

delayed appearance.
The neuropathological pattern was also very

characteristic in our cases and in those of the litera-
ture.4689 1417 Indeed, all these observations show
more or less coalescent foci of coagulation necrosis,
especially affecting the white matter. In our cases,
the striking white matter predominance of the
lesions was clearly shown in the pons where cir-
cumscribed areas of demyelination affected the
ponto-cerebellar fibres whereas the neurons of the
pontine nuclei were spared (fig 2A).
The vascular lesions were very clear in our three

cases and in those of De Vivo et al8 and Rosemberg;9
however, they seem to be inconstant since Rubins-
tein et al,4 Smith'7 and Price and Jamieson,6 also
described areas of myelin loss without vascular
lesions. However, Smith'7 emphasised the fact that
the demyelinated areas were somewhere centred on
a vessel, therefore suggesting a vascular aetiology.
Similar pathological manifestations have been
reported in Binswangers encephalopathy.20
The axonal swellings are not specific since they

also can be encountered at the periphery of the
areas of softening and in various neurological or non
neurological diseases.'8 However, they are particu-
larly numerous in leukoencephalopathy, as men-
tioned by Rubinstein et al4 and in our cases some of
them were observed outside of the necrotic areas
(fig 2B).
The anatomical aspect of leukoencephalopathy
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can easily be distinguished from that of progressive
multifocal leukoencephalopathy particularly since
there are no bizarre astrocytes, so characteristic of
that disease.'9
Treatment is usually assumed to be responsible,

but the multiplicity of drugs used makes it difficult to
determine the causative drug. The precise mechan-
isms involved are not generally agreed. The first
publication by Kay et a13 suggested that methotre-
xate was responsible, inferring folinic acid treat-
ment. However, it must be noted that spontaneous
clinical improvement of leukoencephalopathy may
sometimes be observed without folinic treatment
(patient 4). Furthermore in nearly all cases many
other drugs and radiotherapy had also been adminis-
tered, except for one of Meadows and Evans cases,2'
(but in this case demyelination and gliosis were
observed on brain biopsy, which is insufficient to
diagnose necrotising leukoencephalopathy). In our
cases there was no correlation between the dose and
delay after intrathecal methotrexate administration.
The spinal cord was spared in two of our cases and in
those of Rubinstein et al4 in which it was studied.
This is an argument against local effect of intrathecal
methotrexate, which may induce acute parap-
legia.22 23 The type of lesion is completely different
from that observed in folic acid deficiency.24
That radiotherapy is responsible is suggested by

many features. As in the cases of De Vivo et al,8
Rosemberg9 and Bleyer and Griffin,' leukoence-
phalopathy appears after a quite regular delay fol-
lowing irradiation. Worsening of signs in spite of
drug discontinuation is a very characteristic feature
of radionecrosis.25 In fact, the role of radiation is
especially suggested by the neuropathology, the
main problem being the interpretation of the vascu-
lar lesions. These are constant and are the initial
lesion in radionecrosis. Caveness25 has shown that
they electively involve the endothelial cells with a
break down of the blood-brain barrier, fibrinoid
necrosis, perivascular exudation and mononuclear
infiltration leading to foci of myelin destruction of
different ages. In our three cases, the vascular
lesions were very marked, very similar to those
induced by radiotherapy. They were not secondary
to the softening since they existed even outside areas
of complete necrosis. In the literature, they were
observed by Kay et al,3 Rosemberg,9 De Vivo et a19
Rubinstein et a14 case 3; but they are inconstant and
were lacking in the cases of Price and Jamieson,6
Smith' and Rubinstein et al.4 They were not men-
tioned by Hendin et al.'4 The lesions are limited to
the irradiated brain and spare the unirradiated spi-
nal cord. The frequency of leukoencephalopathy
increases with increasing doses of irradiation.5 6
However, neither the intensity of the lesions, nor

the predominance of demyelination, nor the axonal
swellings can be the result of low dose radiation
therapy alone.25 Price and Jamieson6 therefore sug-
gested that radiation, as a result of the blood-brain
barrier breakdown that it induces, allows methotre-
xate to reach myelin and to thus express its toxic
effect. Experimental evidence of this mechanism has
recently been obtained (Van der Kogel, cited by
Bleyer and Griffin'). This mechanism, however,
cannot be accepted for patient 9 of our series, since
he received methotexate only intrathecally. The
other drugs administered should also be taken into
account. The axonal swellings particularly may
result from vincristine administration, as suggested
by Liu,'8 since this drug disorganises axonal flow by
binding to neurotubules.26
Whatever the precise mechanism involved, which

may be better understood as a result of ongoing
experimental studies,7 the major factors of risk seem
to include age and radiation dose. Leukoence-
phalopathy appears mainly in patients under 5 years
of age receiving 24 Gy and in those over 5 years
receiving more than 30 Gy. The use of lower radia-
tion doses may therefore reduce the frequency of
leukoencephalopathy. General administration of
drugs after irradiation also represents a theoretical
risk which may be reduced by shortening the dura-
tion of maintenance treatment.

Addendum

Since completion of this work, we have had the opportun-
ity to observe two other patients, aged 9 and 13 years,
respectively treated for leukemia and lymphosarcoma.
Both received a 25 Gy cranial irradiation. The first also
received vincristine, prednisone, asparaginase, cyclophos-
phamide, rubidomycine and nine intrathecal methotrexate
administrations, six before and three after cranial irradia-
tion. The second also received vincristine, prednisone, cyc-
lophosphamide, methotrexate, adriamycine and
asparaginase, but no methotrexate intrathecally. After a
delay of 8 and 11 months, both patients developed clinical
and radiological features of leukoencephalopathy,
confirmed in the first case by brain biopsy. Both patients
remain unchanged with a follow-up of 3 and 22 months
respectively.
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