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Symptoms and findings in meningeal leukemia are those
produced by increased intracranial pressure, such as headache,
lethargy, convulsions, nausea, vomiting, stiff neck and papilledema.
In some cases infiltration causing pressure on the cranial nerves

may initiate palsies of the related nerves along with less spec1f1c
neurological signs.” 8 1 117 10

In children, generally, cranial sutures are separated. The pre-
ssure of cerebrospinal fluid (CSF) is increased and pleocytosis is
present. Often the CSF sugar is decreased and protein content is
increased. Cultures yield no growth.

In this paper we will present our experience with CNS invol-
vement in children with acute leukemia seen in this hosp1tal from
January 1958 to March 1967

Material ‘

Our material consists of 200 children, aged 3.5 months to 16
years, who were diagnosed as acute leukemia in the Hematology
Clinics of Hacettepe Children’s Hospital. Fifty of these were lost
to follow-up. Twenty-six of the remaining 150 children had central
nervous system complications, two being asymptomatic and disco-
vered at postmortem examination. Only ten of the 20 patients
autopsied presented positive pathology.

The diagnosis of leukemia was made by a positive bone marrow.
Lumbar punctures were done on patients with signs of CNS invol-
vement. Pressure, cell count, examination of the smear, determi-
nation of sugar and protein, and cultures were carried out.

Until 1964, prednisolone (1 -2 mg/kg/day), 6 M.P.- (2.5 mg/
kg/day) and methotrexate (1.25, 2.5 or 5 mg/day) were given in
combinations. After that, cyclic therapy ® with the addition of
cyclophosphamide (2 -5 mg/kg/day) was used. Supportive therapy
was also instituted as needed. Meningeal involvement was treated
either by intrathecal methotrexate (0.3 -0.5 mg/kg) or radiation
(400 - 600r) to the skull.

Pathological evaluations of the CNS complications were done
by reviewing autopsy renorts and routine sections from the brain,
Results

Twenty-four out of 150 patients presented symptoms and signs
of central nervous system involvement. Eight of these were also
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examined by autopsy. In addition, two asymptomatic patients were
discovered to have CNS involvement at autopsy, bringing the total
number of cases whose CNS involvement was confirmed by autopsy
to ten. The incidence of CNS invclvement in our series was 17.3 per
tent. There were 26 episodes related to CNS involvement in 24
patients.

There were 20 males and six female patients whose ages ranged
from three years to 16 years, with a mean age of 8.7 years. The
types of leukemia were as follows : 20 acute lymphoblastic, three
acute myelogenous and three acute stem cell (undifferentiated).

Five patients were in remission and 19 were in relapse when
- the neurologic complicaticns first developed. Six patients were
admitted to the hospital with signs of increased intracranial
pressure and were later diagnosed as having acute leukemia. The
symptoms and signs of the CNS involvement are summarized in
Table 1. The hematological findings on the 24 patients are tabulated

in Table 2.

CSF pressure was found to be increased (over 200 mm H-0)
in each case. The protein content of the CSF varied between 25
and 248 mg/100 ml and was higher than 40 mg/100 ml in all but
one patient. Sugar ranged from 32 mg to 255 mg/100 ml. The

TABLE 1

THE FREQUENCY OF THE SYMPTOMS AND SIGNS
OF CNS INVOLVEMENT

Number of .
Patients Percentage

Papilledema 14 58.3
Vomiting 13 54.1
Nuchal Rigidity 10 41.6
Headache 10 41.6
Cranial Nerve Palsies 9 37.9

(7th nerve palsy 5)

(6th nerve palsy 3)

(6th and Tth nerve )

palsy 1)
Separation of Sutures 8* 33.3
Convulsions 3 12.5

* Only 21 patients had skull X-rays.
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The majority of our patients was affected by acute lympho-
blastic leukemias, which agrees with the reported series.’’ '* About
one-fourth were in remission at the time of neurologic involvement.
Pierce," Hyman et al,™ Shaw et al !’ and Haghbin and Zuelzer *
reported similar results in their patients with CNS involvement
stating that in some series up to 50 per cent were in remission at
the cnset of CNS infiltration. The failure of the antileukemic agents
(except corticosterioids) to cross the «blood-brain barrier» in effec-
tive concentration might be responsible for the development of CNS .
infiltrations. It is conceivable that the leukemic cells persisting in
the meninges lead to eventual hematological relapse. We observed
no particular tendency for the complications of the central nervous
system to develop during the administration of any one particular
antimetabolite : 11 patients were on 6 M:P., four on methotrexate
and two on cyclcphosphamide. The frequency of the signs of in-
creased intracranial pressure in our patients is consistent with other
authors’ reports.® 14?17 18 S

The symptoms were relieved after lumbar puncture in most
of the patients and the findings began to disappear at the end of
the first week or so of methotrexate or radiation therapy. ’

"We did not observe hyperphagia or behavior disturbances
such as those which were first reported by Sansone* and later by
others,” '’ ?* in asscciation with CNS involvement in leukemic
children, but six patients had pathclogic weight gam before the
development of symptoms. :

Recent studies have suggested that intracranjal hemorrhage
due to thrombocytopenia is predominantly into the subarachnoidal
area, but the hemorrhage frequently extends into the brain sub-
stance and sometimes nodules of leukemic cells may be seen in the
areas of hemorrhage.® Our autopsy findings (Table 3) were similar
to those of other authors; however, none of our cases showed evi-
dence of infection at postmortem examination.

The hematological findings did not have any relation to the
signs and symptoms except for thrombocytopenia which was pre-
sent in 87.5 per cent of the cases.

Separation of the sutures of the skull was noted in the skull
roentgenograms of one-third of our patients. It develops mainly
because of increased CSI* pressure, but some authors claim that
leukemic infiltration of the suture lines is responsible for this separa-
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tion.*” Shaw et al'?” did not find such infiltration at the suture lines
in their patient who was examined microscopically.

The cerebrospinal fluid findings of our patients were in accord
with the previous reports.!” **’ !’ 18 The decreased sugar level of the.
CSF may be due to either increased glycolysis by the leukemic
cells ** *® or to alterations in the «blood-brain barrier» which causes
a decrease in the diffusion of glucose across this membrane.*® In our
patients we found no correlation between increased cell count and
high CSF pressure. The suggestive role of the high CSF cell count
in early recurrence of this complication could not be evaluated be-
cause of the limited number of patients with repeated episodes.

In regard to the type of therapy of the CNS infiltration, lumbar
puncture alone may alleviate the signs of increased intracranial
pressure,®® but in addition intrathecal methotrexate is used widely
in many centers with good response. Intrathecal methotrexate was
administered to six patients in one dose, to four patients in two
doses, and to two patients in four doses at intervals varying from
three to five days. No side effects related to the drug were observed
in these twelve patients. Radiation therapy was given to four pa-
tients and repeated in one case for a relapse which occurred 2.5
months after the initial CNS infiltration. Again, other than tempor-
ary epilation, no side effect was observed following radiation to the
gkull. Since the number of cases treated by the two different me-
thods were small, we cannot draw any conclusions as to the preferred
type of therapy. We do not, however, give prophylactic intrathecal
methotrexate to our patients as suggested by some authors.?® Radia-
tion is spared for the cases who become refractory to methotrexate
therapy or for deeply localized lesions. Corticosteroids may also
reach cerebrospinal fluid and resolve some of the leptomeningeal
infiltration and may provide some neurological improvement.’

Prognosis is said to be grave after CNS symptoms have devel-
oped in leukemic children, **’ ** but others claim the opposite.?® In our
24 patients with meningeal involvement, the mean and median sur-
vivals were 8.8 and 7.5 months respectively. The mean and median
durations of life after the onset of CNS involvement were 2.52
months and 0.6 months, which is shorter than the latest reported
series 'V 1’1718 (Tahle 4). Haghbin and Zuelzer ** claim that follow-
ing 42 months of survival, no CNS infiltration develops; however,
this view needs to be confirmed. The time between the onset of the

disease and the first CNS involvement was 7.58 months (mean) and
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S5 months (median). Analysis of our cases also suggests that the
prognosis in acute leukemia is poor after central nervous system
involvement.

Summary

Central nervous system complications in 150 children with acute
leukemia were analysed and an incidence of 17.3 per cent was found.
Symptomatology, eclinical and laboratory findings, therapy and
prognosis are reviewed and compared with the published reports in
the literature.
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