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CENTRAL NERVOUS SYSTEM IN LEUKEMIA
EmRICET2RFBEHFERICONT

INTRODUCTION

The purpose of this report is to describe the
central nervous system lesions in 165 cases of
leukemia autopsied at the Atomic Bomb Casualty
Commission (ABCC). Primary emphasis is placed
upon the pathogenesis of intracerebral hemorrhage
which has been discussed in many reports but
remains in dispute."” The present study strongly
implicates a grossly elevated leukocyte count
(>50,000/mm?®) in the genesis of such lesions.
Thrombocytopenia, while of some significance,
appears to be of secondary importance. Additional
correlations are made between central nervous
system pathology and age, type of leukemia and
antileukemic therapy.

Two unique features characterize the group of
patients studied. Some were exposed to varying
amounts of ionizing radiation at the time of the
atomic bombs (ATB) in Hiroshima and Nagasaki.
A causal relationship has been demonstrated
between irradiation and leukemia.® Thus far, no
differences have been described between individual
types of radiation-induced leukemia and naturally
occurring leukemia.” " The material was evaluated
to determine a possible relationship between
prevalence and type of central nervous system
involvement and exposure status. Due to the
interest in leukemia at ABCC an extensive system
of case detection and autopsy procurement has
been developed.”™ Autopsies have been obtained
without reference to exposure status in approxi-
mately 40% of all leukemia cases dying in the
cities of Hiroshima and Nagasaki. The broad
epidemiologic base of this series should virtually
eliminate the bias of selection which characterizes
other autopsy series.’
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MATERIALS AND METHODS

The leukemia cases in this report were derived
from the general autopsy series at ABCC which
was formally initiated in June 1949. The tissue
sections were reviewed for 235 leukemia cases
autopsied at ABCC between 22 June 1949 -
1 January 1963. The study excluded cases with
an inadequate central nervous system examination
at autopsy, or insufficient histologic material, and
those that could not be substantiated as leukemia.
The remaining 165 subjects with unequivocal
leukemia and an adequate examination of the
central nervous system were included in this study.

Type of leukemia was based on examination of
the autopsy material, clinical course and premortem
peripheral blood smears and, when available,
bone marrow aspirates. The same general material
has been reviewed previously by Finch and Hrubee!?
as a part of the ABCC Leukemia Detection ng'rglrn.
The type of leukemia, as decided upon by the
present reviewers, was compared with that of
Finch and Hrubec and, in cases with disagreement,
all available material was re-examined. Of 12
such cases 6 were given diagnoses differing from
those of the Leukemia Detection Program. Each of
these 6 cases previously diagnosed as acute
leukemia - type unknown or acute stem cell leukemia -
were reclassified into the acute myelogenous or
lymphatic groups. In the remaining 6 cases,
similar changes seemed arbitrary and the more
general diagnoses of the ABCC Leukemia Detection
Program were employed.

Autopsy descriptions and histologic slides from
the central nervous system were reviewed in each
case with special emphasis upon intracranial hemor-
rhage, the degree of vascular choking (leukostasis)
and leukemic infiltrates. One or more slides were
generally examined from each of the following sites,
bilaterally: Frontal, parietal and occipital cortex,
internal capsule and basal ganglia, thalamus,
hippocampus, pons and cerebellum. Sections from at
least 3 levels of the spinal cord were also examined
in most instances. The following classification of
intracranial hemorrhage was used:
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Intracerebral

Petechial and of no clinical significance.

Focal, either single or multiple, but less than
2.0em in greatest diameter and so located as to
probably not be related to the patient’s death.
Focal or massive, either single or multiple, but
greater than 2.0cm in greatest diameter and
probably related to the patient's death.

Subarachnoid
Primary; petechial, focal, diffuse.
Secondary

Subdural

Leukostasis was defined as the degree of clogging
of vascular lumina by leukemic cells. ‘Marked’
leukostasis indicated a maximally dilated vessel
completely filled with leukemic cells. Leukostasis
was evaluated semiquantitatively as follows: 0=normal,
1+=equivocal, 2+=slight, 3+=moderate, 4+=marked.

Leukemic infiltrates were considered as to both
character and locatior, i.e., meningeal, parenchymal,
perivascular. Insufficient sampling of the dura
mater at autopsy precluded an adequate evaluation
of leukemic involvement of this tissue. Therefore,
in the subsequent discussion, reference to meningeal
infiltrates indicates involvement of the leptomeninges.

Meningeal infiltrates were defined as aggregates
of white blood cells that were considered to be
unrelated to any etiology other than the primary
leukemic process. Scattered leukocytes are often
found in the meninges with no morphologic
evidence of significant central nervous system
disease. Theoretically, leukemic cells could also be
such meningeal ‘transients’ without signifying a
true infiltrate. In this study, since it was desired
to include only unequivocal lesions of possible
clinical significance, cases with less than 200
white blood cells per high power microscopic
field, in the most concentrated region, were
excluded as meningeal infiltrates. Cases with
maximal meningeal involvement, i.e., leukemic
meningitis or cases with leukemic nodules that
had been grossly visible at the time of the autopsy
were classified separately. Microscopic examination
of hemorrhagic lesions in leukemic patients often
reveals marked clumping of leukemic cells, es-
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pecially in anemic individuals with markedly
elevated white blood cell counts. Thus, a suba-
rachnoid hemorrhage in such a patient often
contains large aggregates of leukocytes with
relatively few admixed erythrocytes, giving the
histologic impression of a leukemic infiltrate.
Therefore, in this report, cases with a significant
number of red blood cells admixed with leukemic
leukocytes were not considered to represent
meningeal infiltrates. These views concerning
meningeal ‘transients’ and pseudoinfiltrates with

hemorrhage are supported by others.* !4

Parenchymal infiltrates were defined as collections
of leukemic cells within the brain or spinal cord
and not in apparent relationship with blood vessels
nor in obvious association with hemorrhage. As
noted previously, large aggregates of white blood
cells may be found within hemorrhages in leukemic
patients and this is often especially striking in
intracerebral hemorrhages. Itis debatable whether
these leukocytes are important in the pathogenesis
of cerebral hemorrhage in leukemia or are following
the known propensity of leukemic leukocytes to
clump following hemorrhage. Leukemic parenchy-
mal infiltrate was not diagnosed in the presence
of diffuse parenchymal hemorrhage unless a
significant region of normal tissue could be
demonstrated between the 2 lesions. Also, focal
collections of cells were not diagnosed as infiltrates
in the presence of significant numbers of red
blood cells. These factors probably account for
the low frequency of parenchymal infiltrates in
this series. The frequency undoubtedly would
have been even lower if serial sections of parenchy-
mal infiltrates had been made since it appeared
that many of the lesions so identified were peri-
vascular cuffing with the blood vessel not in the
plane of the histologic section.

Perivascular cuffing was defined as an aggre-
gation of white blood cells about a blood vessel
within the substance of the brain or spinal cord.
As with the other types of leukemic infiltrates, the
diagnosis was not made in the presence of a
significant number of red blood cells.

Cranial nerve involvement or degenerative
processes generally attributed to antileukemic
therapy were not evaluated.

FRAOERAE VT, AlUEMREOF L kL
BBV, LT, I ERECEY
A< R MMz, Ry icRmEEAR DD L
WEAMERO KE 2 EBEFAONET ENVE(, MHE
FR MR EFEROREETS. LA T,
A Iz 0TI, HRYHoRMER S E MR L
BRIZBALTLBERMIIMERZE R0 EE
Ahah ok, BMEOI—&MHER L FRD LM
BEBCHETsChsORBIE, hoRFEHIZL
TdEFashtwns, »n

FEEMEEE, BE 2 EEFA OB SRR
DEETH-T, HEEMFLORFEIEZ L, 4
BmEoMEALMEEREboN T EDEERL .
gk iz, AMBEFEICH T2 HMEITTHL
Hoks b EHAFrBOoh3IEHH5H, Zhnilx
BRI THICEEL I E L. 2hboD
HMmEEEMBEC 2B MoBRE LTHERET
HH0%, ELGAMLFHERLRS BMEES L
FTwrruwiEfizkstodr, BREORLY S 5.
AMmAEEEREE S w2, R ERL M
D& ABHIZIE, MHEOMIZH, L DR E SR
WAYEHEGYPEY, Tahih 5. £4, M
foRmESGIz>0TE, HYUBORLERFED 5
haEagld, BEivIBHETES LA /2. Zh
SOEREGAFE s TEEEZHoOBEEOK S
SEEHEP L TLOTHAY. TOHEEE, LE
AERHoERUFRELIT 2 22 6lE, 612
EL - ThayZLizgENE V. B €L 51T,
EHEMEHE LB ENAFEEDZ L, HEFENY
Fomizhh- tmERBO®MOEALERES TH
Sl BhhahrbTh B,

I R B A MmN, WE A FME
AoMmEDRBEO QMmMEROES L ER LA, HIMKE

Mool oBan k512, HNEOR LBk EE

WOENSEHBIZEIOBKIITS 4h .

— A M B RECRR T3 EELZOND M
MBEEEL VL2 0EMEGII o TR AT S
F R L



All available clinical information was examined in
each case. Especially noted was the hematological
laboratory data, including leukocyte and platelet
counts, and any hematologic or antileukemic
therapy. The last peripheral blood values and
the interval between their determination and the
patient’s death were recorded. Hematologic treat-
ment was evaluated as adequate, inadequate or
absent. Inadequate treatment indicates that insuf-
ficient doses of antileukemic agents were employed
or that therapy was initiated only shortly before death.

At present there is no evidence that leukemia in
atomic bomb survivors is distinguishable morpho-
logically, chemically, or clinically from that which

?-12 However,

develops in the general population.
it was considered imperative to evaluate the
present series of cases for any relationship between
the central nervous system complications of
leukemia and radiation absorbed ATB. Estimation
of the radiation dose absorbed by an individual is
possible by employing calculations based on the
individual’s distance from the hypocenter and the
calculated air dose of radiation at that distance
with correction for attenuation or shielding by
intervening objects. However, these latter calcu-
lations contain both theoretical and actual sources
of error; the problem of dosimetry in this population
is reviewed elsewhere.® In general, recognizing
that shielding plays an important role, a good,
though rough, correlation exists between the
distance from the hypocenter and the dose of
radiation absorbed ATB. In this study, therefore,
exposure groups were determined solely by distance
from the hypocenter as recorded in the ABCC
Master File. Other studies have demonstrated a
radiation effect within 1400 m.'®'!" Therefore, in
this study those patients within this distance were
grouped separately. Theoretically, a radiation-
related condition would be increased in prevalence
in individuals within 1400 m in comparison with
the prevalence both in survivors located at greater
distances or not in the city.

Many studies of the central nervous system in
leukemia reported from large hematologic centers
are admittedly biased by the type of case referred
for diagnosis and therapy.® Most patients autopsied
at ABCC die elsewhere. Since ABCC is prima-
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rily a research institution, only a 14-bed diagnostic
ward is maintained. The cases presented here
represent both patients who died in institutions
and at home. The sample, therefore, was not
greatly biased by patients referred to a hemato-
logic center.

RESULTS

General The distribution of the 165 leukemia
_cases by type and age at death is shown in
Table 1. The classification was based on standard
diagnostic criteria.'® Included with the group of
acute myelogenous leukemias were 13 cases of
the subacute variant and 6 cases of acute myelo-
monocytic leukemia (Naegeli type of monocytic
leukemia). Similarly, one case of subacute lymphatic
leukemia was grouped with the acute lymphatic
leukemias. The incidence of chronic lymphatic
leukemia is extremely low in Japan.®-'* Therefore,
in this report, the 2 cases of chronic lymphag_ic
leukemia were included with the acute form and
designated ‘lymphatic leukemia' in subsequent
discussion. The group referred to in Table 1 as
‘other’ included 3 cases of acute stem cell leukemia,
4 cases of acute histiocytic leukemia (Schilling
type monocytic leukemia) and 8 cases of acute
leukemia, type undetermined. Almost three-fourths
of the total cases were myeloid in cell type and
nearly two-thirds of these were acute in course.
In this connection, myelogenous leukemia in
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general, and especially acute myelogenous leukemia,
has been shown to be increased most dramatically
in survivors of the atomic bomb.® Acute leukemia
was more common than chronic leukemia in all
age groups; however, as would be expected, the
greatest relative proportion of acute cases occurred
in the group of individuals under 20 years of age
at death.

Of the 165 reported cases, 103 occurred in men
and 62 in women. The distribution of cases by
sex in each age group was roughly equal.

Significant Lesions
central nervous system lesions grouped by the
type of leukemia. Leptomeningeal infiltrates of
more than 200 leukocytes per high power micro-
scopic field were also included, although most of
such lesions were of questionable clinical significance.

Figure 1 summarizes the

In acuie myelogenous leukemiaintracranial hemor-
rhage was the most prevalent central nervous
system lesion and was more common than in other
tvpes of leukemia. About 75% (15 cases) of such
hemorrhage in acute myelogenous lenkemia was
parenchymal. However, the 3 cases in this study
with significant primary subarachnoid hemorrhage
were found in association with acute myelogenous
leukemia; these cases comprised 15% of the
intracranial hemorrhage in this group. The
remaining 10% was contributed by 2 cases of
subdural hematoma. Intracranial hemorrhage in
acute myelogenous leukemia occurred with twice
the frequency of the other major central nervous
system complication, leukemic infiltration of the
meninges. Infections involving the central nervous
system were uncommon in all types of leukemia,
including the acute myelogenous form.

Significant lesions in chronic myelogenous leukemia
followed the same general pattern found in the
acute form but were relatively less frequent.
Proportionately fewer significant central nervous
system lesions were present in chronic myelogenous
leukemia than in any other group. The only
significant meningeal infiltrates were leukemic
tumors, or so-called chloromas.

-2

Bl amatitkome s mEFA L0 TIIRS
Bzl TtwaZ ¢ RENTVWAE.S £FEK
Biobsut@ERMmITREARE LD LHEHFS
LAhL, —MEzHfFEhaTHAILIIT,
SHEAMFBOHMNMEEIRAKTH > -0 LFECHE
EMOELTORTH - .

ol

1650 EHmob T, 1031BETHD, 62ix%k
HTh-o. BEBBIIPIZBLMERSHAILS
wiELBEBELWTHETH - .

EELFET
HHEFHELELH-L0TH 5. EEFHAE

HluipgnmomsBpizagELAd

1 8BS AmEk200 )] FtowEEEo kS5 &,
BERNERIEL LW ZodhizAE L .

asMEHManJ/I b THRIGEOS VP
HERFZEZREANL TS - T,
AMAEIzET3&0E 2 AONE. 2EEMED
MEIzHE 220 &H 2 HMOFTE%(I5H ) 3 EE
HThh LALLNS, FRMELCHIOVTIL 3
PloO®EE 2 BEE < LI FLENAREEEESMD
FIEwLN, COBCHTITAENEMDIE% %

ZhitthoBo

G . B D10%I 2 Hlo M F iR T H 5 .
SRR A R B A FREM I o S, S
15 0 E 8 4 PR A BF I T & 2 B IE o 11 iR
PRI 2 i 23 L2, AR MAR AR & b R,
RAERHIE L & & G < T OB O [ SO
TENTHo 2.

BHgmEanmCc b A EELRE L, B
ERMEAmMBE AN AL DL REREBEIELT
W, BRI S 5 2L SRR RETEE M A
LA HELPHEMRABREL, flovri3
DIBEENVLEETH, . —0HE L BESE
i, BMEREMEE, To0bvhOARBEBETS

=
a1t



FIGURE 1 RELATIONSHIP BETWEEN SIGNIFICANT LESION AND TYPE OF LEUKEMIA
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Meningeal infiltrates were the most common
central nervous system lesion in lymphatic leukemia
and such involvement was proportionately more
frequent in lymphatic leukemia than in any other
group. The majority of the infiltrates were diffuse
in character and consisted of more than 200
leukemic cells per high power field in the most
concentrated regions. Leukemic meningitis, the
most pronounced form of diffuse meningeal involve-
ment, was most frequent in lymphatic leukemia;
the only other cases (2) were found in the acute
myelogenous group. No tumorous involvement of
the meninges was present in association with
lymphatic leukemia.

The heterogenous group designated as ‘other’
resembled both myelogenous and-lymphatic leukemia
in frequency and type of central nervous system
involvement. Significant intracranial hemorrhage
was relatively infrequent and meningeal infiltrates
were common, as in lymphatic leukemia, but,
paradoxically, leukemic meningitis was absent
while meningeal tumors were frequent.
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Intracerebral hemorrhage larger than 2.0 cm in
diameter was the most prevalent lesion in this
study and was present in 26 of the 165 cases.
The prevalence of all types of significant intra-
cranial hemorrhage in the present series was
19.3% and is comparable to the 20% reported
by Moore et al.?

Leukemic involvement of the meninges was
second to cerebral hemorrhage in prevalence and
was present in 23 of the 165 cases. However, in
13 cases the involvement consisted only of a
meningeal infiltrate of greater than 200 leukocytes
per high power field; however, many or all of
such lesions may be of no clinical significance.
Unfortunately, in these 13 cases clinical information
was insufficient to evaluate the neurologic signifi-
cance. Also, although 2 of the 5 cases with
leukemic meningitis exhibited evidence of increased
intracranial pressure prior to death, the remaining
3 individuals had no record of an adequate neuro-
logic examination. Of the 23 cases with meningeal
infiltrates, 11 also had perivascular infiltrates or
cuffs. Conversely, the majority of cases with
perivascular cuffing also had significant meningeal
infiltrates, supporting the concept that these cells
reach the perivascular space by migrating from
the meninges.®

The overall prevalence of significant central
nervous system involvement in this series was
35% when the group with meningeal infiltrates
was included, and 27.1% when those with an
infiltrate of greater than 200 leukocytes per high
power field were excluded. These prevalences
are slightly below those calculated from Western
autopsy series® "% hut are not strictly comparable
because of the emphasis in this series on lesions of
possible clinical significance and because of the
differences in autopsy sampling. Table 2 shows
the distribution by age of the various significant
lesions. The most prevalent lesion was parenchymal
hemorrhage, present in 15.7% of the total cases.
The frequency of this lesion appears to be directly
proportional to the individual’'s age at death.
Thus, 7.5% of individuals under age 20 died
with a significant parenchymal hemorrhage, whereas
35% of persons dying at age 60 or older had
such a lesion. However, individual groups are
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small and these differences are probably not
statistically significant.

Leukemic meningitis and meningeal tumors were
each found in 3% of cases. Of the 5 cases of
leukemic meningitis 4 were in males under age 20,
The association of leukemic meningitis and young
male patients with acute lymphatic leukemia has
been noted previously;® the association is probably
between leukemic meningitis and lymphatic leukemia
since the latter occurs most frequently in children.'®
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TABLE 2. DISTRIBUTION OF SIGNIFICANT LESIONS BY PERCENT OF TOTAL
PERSONS IN EACH AGE GROUP

E2 FEBER-LUEARABCMT IRBFNEELHEOGAMA

Lesion. <19 20-39 4059 60+ Total 3t

s % No. % No. % No. % No. % No.
Parenchymal hemorrhage
BERAEMUE ossanomniiadiv baass 1B 1 15.0 8 2000 9 35.0 5 AT 26
Subarachnoid hemorrhage . "
GG TP i s e 0 1.9 1 4.4 2 2 0 1.8 3
Subdural hematoma
TERETBEIL 0 v voesre reopransassshbidbibbsssisspnpss 1.9 1 - ] 2.2 1 S| 1 1.8 3
Leukemic meningitis
IR R iiireieeeiiee. 1.0 4 1.9 1 - 0 = 0 3.0 5
Meningeal tumor
T RS SR R .| 1 5.7 3 o 1 X 0 3.0 5
Infection
B R R R R T 0 1.9 1 4.4 2 2 0 1.8 3
Total 31 oo nen 271 45

Subarachnoid hemorrhage, subdural hematoma
and central nervous system infection were each
present in 1.8% of the cases. Only 3 patients in
this series died with a significant primary suba-
rachnoid hemorrhage although subarachnoid pe-
techiae and subarachnoid bleeding secondary to
parenchymal hemorrhage were frequent. The low
prevalence of subarachnoid hemorrhage in patients
with leukemia is lower than in the remainder of
the ABCC autopsy population (approximately 3 %).
As mentioned previously, primary fatal subarachnoid
hemorrhage was confined to patients with acute
myelogenous leukemia. These patients were aged
37-41 years at death. In 3 cases subdural hematoma
contributed to the patient's death.
was confined to male patients aged 3-72 years at
death.

This lesion

The 3 cases of central nervous system
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infection were distributed among acute myelogenous,
chronic myelogenous and acute lymphatic leukemia.
There was one case of brain abscess due to an
unknown organism and 2 cases of mycotic menin-
gitis. These 3 cases had received steroid therapy
for 2 to 40 weeks prior to death.

Lesions Associated with Parenchymal Hemor-
rhage In the casesreported here, a direct relation-
ship existed between parenchymal hemorrhage and
the degree of leukostasis. Of 132 cases with 0 or
1+ leukostasis, only 14 had significant parenchymal
hemorrhage. Among the 27 patients with 2-4+
leukostasis 12 cases had parenchymal hemorrhage.

All cases with parenchymal hemorrhage had
dilatation of cerebral blood vessels irrespective of
peripheral leukocyte count. This phenomenon
has been noted by others® and was found in cases
without true leukostasis and in regions of the
brain away from the primary lesion.

Grossly visible leukemic nodules were not described
in any of the gross autopsy protocols. There
were, however, 9 cases with definite, and 3 cases
with equivocal, primary microscopic parenchymal
leukemic infiltrates. None of the infiltrates were
felt to be of clinical significance. Of these 12
cases, 3 had evidence of a significant parenchymal
hemorrhage; this was a slightly higher prevalence
than was found in the remainder of the leukemic
population. However, all 3 hemorrhages were
associated with equivocal infiltrates.

Other Lesions Only one cerebral infarct, thought
to be secondary to arteriosclerosis, was present
among the 165 cases of leukemia. This well-
organized lesion, in a 54-year-old man, was not
felt to have contributed to death. Several other
cases had small foci of hemosiderin in the cortex
or meninges which seemed to indicate old hemor-
rhage. However, a specific origin, other than
possibly leukemia is not suggested for these lesions.
Neither berry aneurysms nor hydrocephalus were
mentioned in any of the gross autopsy descriptions.
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Laboratory Data Of the cases in this report 63
had both leukocyte and platelet counts obtained
within 72 hours of death. An additional group of
cases had only white blood cell counts within
this time limit and were only included in an
evaluation of leukostasis. Figure 2 shows the
relationship between significant parenchymal hemor-
rhage, leukocyte count and platelet count in these
63 individuals. The frequency of cerebral hemor-
rhage between individuals with leukocyte counts
less than 50,000/mm® and those individuals with
higher counts differed markedly. The platelet
count showed a similar, although reciprocal relation-
ship. Consequently, none of the 9 cases with
<50,000 leukocytes and >50,000 platelets had a
significant parenchymal hemorrhage while 7 of
the 11 cases(63%) with >50,000 leukocytes and
<50,000 platelets had such a lesion. Even in the
presence of platelet counts considered by others'®*
as adequate to prevent hemorrhagic phenome-
na (>50,000), 2 of 8 cases(25%) with >50,000
leukocytes died with a parenchymal hemorrhage.
Finally, in the presence of inadequate platelets
(<50,000), only 3 of 35 cases (9%) with <50,000
leukocytes exhibited parenchymal hemorrhage.
Therefore, irrespective of platelet count, 46 % of
persons with >50,000 leukocytes had a significant
parenchymal hemorrhage while only 7% of indi-
viduals with <50,000 leukocytes had this finding.
The result of a similar comparison involving the
platelet count was less marked; 12 % of all patients
with >50,000 platelets had a parenchymal hemor-
rhage as compared to 22% of individuals with
<50,000 platelets.

Other types of intracranial hemorrhage did not
show this same direct relationship with leukocytosis.
The connection, if any exists, appeared to be with
thrombocytopenia, because all 3 patients with
subdural hematoma and one of the cases of primary
subarachnoid hemorrhage had <50,000 platelets.
The platelets were >50,000 in one case of fatal
subarachnoid hemorrhage; in the other case, no
information was available.

As would be expected, the peripheral leukocyte
count was generally proportional to the degree of
cerebral leukostasis. Hence, of 58 cases with
<50,000 leukocytes, only 4 had 2+ or 3+ leuko-
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FIGURE 2. PREVALENCE OF SIGNIFICANT PARENCHYMAL HEMORRHAGE AMONG 63 PERSONS
WITH ADEQUATE HEMATOLOGIC DATA
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stasis; there were no cases with <50,000 leukocytes
and 4+ leukostasis. In individuals with >50,000
leukocytes, 23 of 26 cases had 2+ leukostasis or
greater. All cases with 4+ leukostasis had
leukocyte counts in excess of 100,000/mm?®.

Effect of Therapy Table 3 shows the relationship
between degree of treatment and the occurrence
of the various lesions of the nervous system
associated with leukemia. Significant parenchymal
hemorrhage was less frequent in patients who
received adequate antileukemic therapy than in
patients who received inadequate or no therapy.
This may have been due to better hematologic
control with fewer grossly elevated leukocyte
counts in the adequately treated group. Treatment
also appeared to decrease the incidence of fatal
subarachnoid hemorrhage; the reasons for this
are obscure. Leukemic meningitis was more
prevalent in the adequately treated group. It has
been postulated that effective therapy prolongs
the patient’s life, especially in acute leukemia, but
since the antimetabolites do not effectively cross
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TABLE 3. RELATIONSHIP BETWEEN CHEMOTHERAPY AND SIGNIFICANT LESIONS EXPRESSED AS
PERCENT TOTAL PERSONS IN EACH TREATMENT GROUP

k3 BEWBHLIIUTSEABUIHNT AHENEERMELNAELHZEOME
Les; None Inadequate Adequate
sion = g : y
- HHERILuE ANTPEA LR HALHMERILR
% No. % No. % No.
Parenchymal hemorrhag
EWESR o 22,2 8 15.3 6 13.3 12
Subarachnoid hemorrhage
CLETFRA 5.5 2 2.6 1 0
Subdural hematoma
HEFha . - 0 2.6 1 2.2 2
Leukemic meningitis
BRANEESE SR oo 0 2.6 1 44 4
Meningeal umor
.3 2 2.5 s 26 1 2.2 2
Infection
L3 NN 0 2.6 1 22 2
Total lesions
WL e 383 12 28.2 11 24.4 22
Total persons
AR 36 39 90

the blood-brain barrier,®-?' leukemic cells in the
meninges have a longer period to proliferate in a
treated person.”*®
meningeal infiltrate, consisting of greater than
200 white blood cells per high power field, showed
this same peculiar reciprocal relationship to
therapy. However, patients who received no
known therapy had the highest frequency. of
meningeal tumor. The number of cases in these
latter groups was small and any conclusions tenuous.

Patients with a moderate

Exposure The distribution of the various central
nervous system lesions by distance group is shown
in Table 4. The occurrence of significant lesions
in the group within 1400 m was 24.2 % and among
survivors beyond 1400 m was 32.1%. The overall
prevalence of significant central nervous system
lesions in the survivor population was 29%.
Therefore, no striking difference existed between
the 2 distance groups in the frequency of signifi-
cant lesions. The frequency in the not-in-city
group was not compared with that of the survivor
population because of the marked differences in
age and sex.* %
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TABLE 4. RELATIONSHIP BETWEEN DISTANCE FROM HYPOCENTER AND SIGNIFICANT C.N.S. INVOLVEMENT

#4 BLUHAPLOEEBXATLPRMESETOMIE
0-1399m 1400-10,000 m
Ts Signifi Significant
. Total e % Total p =y %
L2 TEFE £H FEWTE
Acute myelogenous
BENEE 4 2 50.0 22 9 40.9
Chronic myelogenous
WERME ... e 11 3 27.3 11 2 18.2
Lymphatic
L e 4 0 0 5 | 20,0
Other
] S 6 1 16.7 2 0 0
Total it 25 6 24.0 40 12 32,5
DISCUSSION % ¥

Thrombocytopenia and other coagulation defects
often have been cited as etiologic factors in the
pathogenesis of intracranial hemorrhage in
leukemia.?-7¥-2*  Recently Moore et al have
described 2 distinctive lesions associated with
parenchymal hemorrhage occurring during the
‘blastic crisis.”?** They noted vascular choking
and large, grossly visible, cortical nodules of
leukemic cells in 9 cases of acute leukemia with
very high terminal white blood cell counts and
fatal parenchymal hemorrhage. These latter cases
represented 45% of all patients who died with
white blood cell counts greater than 100,000/mm?*
and 64% of all the cases in their study with a
fatal cerebral hemorrhage. The association of
leukemic nodules and hemorrhage has been
commented upon by others.'*® However, as has
been emphasized,®-® a geographic proximity does not
necessarily establish a causal relationship.

Unfortunately, a lack of detailed clinical and
laboratory information in many of the present
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cases prevented an adequate evaluation of the
role of the ‘blastic crisis’ in parenchymal hemor-
rhage. However, no gross leukemic nodules in
association with hemorrhage were described in
the autopsy protocols. Also, microscopic parenchy-
mal infiltrates of leukemic cells were relatively
rare and in every instance extremely small. A
significant parenchymal hemorrhage was not
found in association with an unequivocal parenchymal
leukemic infiltrate. This was undoubtedly due, in
large measure, to the rigid diagnostic eriteria
used for parenchymal infiltrates.
such lesions were important in the pathogenesis of
parenchymal hemorrhage, they would be expected
to occur in a significant number of cases in regions
removed from the site of hemorrhage. Therefore,
although the possibility remains that parenchymal
leukemic infiltrates were important in the patho-
genesis of some cases of parenchymal hemorrhage,
such evidence was not demonstrated in the cases
that comprise this report. .-

If. however,

Perivascular cuffing has also been implicated in
the genesis of parenchymal hemorrhage in leukemia;
the hypothesis is that such cells weaken the wall of
the adjacent blood vessel.®'*':*"  Although it is
difficult to disprove such a theory, the present
study showed no supportive evidence. Perivascular
cuffing and leukemic infiltrates within the meninges
correlated much better than cuffing and hemor-
rhage. Also, meningeal infiltrates with apparently
secondary perivascular cuffing were common in
lymphatic leukemia but significant parenchymal
hemorrhage was relatively rare.

A strong relationship existed between high
terminal white blood cell count and significant
parenchymal hemorrhage. The implications in
therapy are obvious. Even in the presence of
adequate platelets, 25% of persons dying with
white blood cell counts of greater than 50,000/mm®
had a significant parenchymal hemorrhage. The
relationship between thrombocytopenia and the
development of such lesions was less well defined.
Long implicated in the high incidence of cerebral
hemorrhage associated with leukemia, thrombo-
cytopenia was certainly less important than gross
elevation of the leukocyte count, and the small
difference in the frequency of hemorrhage in
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patients grouped by platelet counts above and below
50,000/mm* may have been a reflection of some
other more basic alteration. Suggestive support is
provided by a series of 11 cases of aplastic anemia
autopsied at ABCC during this same period (1949-
62), which showed no significant parenchymal
hemorrhages within the central nervous system.
All of these patients had generalized petechiae
and many died with evidence of gross hemorrhage
elsewhere, presumably due to thrombocytopenia;
platelet counts were 4000-57,000/mm®.

That many leukemia patients developed a
parenchymal cerebral hemorrhage despite platelet
counts in excess of 50,000/mm® suggested that
other factors were important in the pathogenesis
of this lesion. Such platelets might have been
qualitatively abnormal but this seems unlikely,
especially since only 25% of patients with acute
leukemia had active bleeding.®® It is possible
that gross leukocytosis leads to leukostasis with
vascular plugging and the development of ‘leukemic
thrombi.” However, the present study showed no
evidence for this. Leukocyte thrombi were not
found, although such thrombi could have been
destroyed by the hemorrhage they cited. Also,
such a mechanism would be expected to produce an
anemic or a hemorrhagic infarct rather than a
cerebral hemorrhage. In addition, the leukocyte
count in the peripheral blood and parenchymal
hemorrhage correlated much better than cerebral
leukostasis and hemorrhage.

Thus, the present study showed no evidence to
support any of the popular theories concerning the
pathogenesis of cerebral hemorrhage in leukemia.
In considering other possible mechanisms for
this lesion, 3 phenomena are noteworthy: Dilated
cerebral vessels were uniformly present in leukemic
‘individuals with intracerebral hemorrhage; such
individuals generally died with leukocyte counts
exceeding 50,000/mm®; the blood viscosity is
increased in leukemic persons with grossly elevated
leukocyte counts.

At 50,000/mm® leukocytes have been shown to
begin having a significant effect on blood viscosity.®
Also, the increase in blood viscosity has been
reported to be exponentially related to increased
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concentration.” Symptoms referable to the central
nervous system are very similar in polycythemia
rubra vera and leukemia. The former disease is
also characterized by an elevated blood viscosity
and reportedly by a very high prevalence of
cerebral hemorrhage®”** approaching the occurrence
rate found in the present series,™ although such a
comparison is complicated by partially or completely
successful therapy in many cases of polycythemia.

Cerebral hemorrhage has been reported to be
more common in acute leukemia than in the chronic
form and to be more common in the myelogenous
than the Iymphatic type." Ignoring possible
differences in the total leukocyte count, immature
cells are generally larger, and thereby exert a
greater influence on blood viscosity than the more
mature forms and mature and immature myeloid
cells occupy a greater volume than comparable
lymphoid cells.® In chronic lymphatic leukemia
with white blood cell counts exceeding 50,000/mm?,
normal values for bloed viscosity have been
reported.”® The frequency of cerebral hemorrhage
in chronic lymphatic leukemia is much less than
in any other group of leukemia.® The apparent
association of cerebral hemorrhage and the
‘blastic crisis’ may be related to the magnitude of
the increase in blood viscosity and/or the abrupt
nature of the leukocyte count elevation with an
overwhelming of normal homeostatic mechanisms.

Increased blood viscosity results in reduced
flow, by physical principles and as measured by
circulation time.* Compensation for the decreased
flow is effected initially by reflex vasodilatation.
However, vascular dilatation in very small blood
vessels paradoxically increases specific viscosity
due to dampening of the laminar flow effect.
Further increases in blood viscosity result in
vascular and tissue hypoxia and it has been
suggested that loss of integrity of vascular endo-
thelium is of primary importance in cerebral
hemorrhage.®®  Nucleoprotein synthesis and
breakdown have been shown to be increased in
most cases of leukemia.'"®  The resultant purine
and pyrimidine conjugates are known to stimulate
vascular dilatation.* These various factors,
shown in Figure 3, eventually produce a maximal
vascular response, further dilatation is impossible

18

REor@EEsATVAY AHESMIRME L Al
EsnTid, PREAERERGIER LTS,
NEFZmMEmiEL - NAKMEED LAZFELL,
IEICENIIBEMOFE L 2O THS O &
ER o3 RERIZRELTVS.B 2L,
FmEMENEZL DEMIF VW TITERI BTN
ERELAIIREBIHTVAEOT, ZOLHILHE
BB ICETE 2O,

fEE Mz ERmBIcH T3 &0 2EENE
CHEVTHEFEL, V oy Eanmizsiisdn
LEMEAMFICENT, L DIEAEAE 2 R]EX
hTwa.3 BAmRE 5% 2afigEse L,
AR (2 — oM e kD k&L, LA S
TR L Ak B E (- R IE T B RTa Y,
Wk & R EHEMI L 2 Tl 5 8o
UroERRE D K L FMELED S.® OMmEkE
50,000/ mm® % 8z 2181E) 1 EAmMBIIE VT
ERONBEHEEESEZHI N LA RESATY
3. @iy o ffpaBics AR MoEE (2
feowArZ3BoAMKRIcETS&DEB334 128
Rl SR mm )L 2BFEAFHS LS 12
AR50 EE, ChIOHBKBEEDHEMOREE 2
713, BMEFRBOEM ERIZ &L > TIEH OB T84
BREYEE sz EIzL3iorE Lk,

W3

MR E AR+ &, MENEMRIZEY), 1
MM OB ESN R+ E b0 R IERHL T 5%
EL BB RmBEO D iz A (E B s
HEMEREIZE > TiTAbha, LhLads, 3¢
Wb MEIZ ST S MEERE, BREoR
Bk o THREF I 5. MEEHBEEFE S
T 3L, TOBEME S X CHEORETER
FeErtd. T LTHEANEFBEEEZRT22LH
Bmi: s TRE—-—BNAREEEoLoTHI LN
AEENATVSE.® BEAOARE & UsRIERIE,
EMmEFoRBEFCESOTHE I LvubhaTY
5.% ZOEFREA S purine & & UF pyrimidine &
GHRIELEEEREOMBREMNMEZ L2 EVIZESN LS
hTwas.® 3Rt ohoFAERIERER
MERKEEEL, MEFHFES BT 2L 2417



FIGURE 3. HEMODYNAMIC CHANGES IN LEUKEMIA
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difficult to document, the final event must be
vascular necrosis and/or rupture. It seems reason-
able to postulate that the action of one or several of
the above-mentioned factors might be important in
the pathogenesis of cerebral hemorrhage.

The results of the present study, in accordance
with similar work concerned with parenchymal
hemorrhage in leukemia,*® showed a predilection
The
vascular supply of the cerebral white matter is
characterized by multiple, small, tortuous vessels
with a thin media, absent external elastic lamina
and little adventitia.” Vascular dilatation accentu-
ates the thin nature of these vessel walls. Also,
assuming a constant local blood pressure, dilatation
increases the lateral pressure applied to the vessel
wall thereby increasing its tension. The tortuous
character of these vessels may also be of importance
for resistance to flow increases with length.
Certainly the random involvement of small vessels
in leukemia, in contradistinction to the preferential
involvement of arteriosclerosis, suggests a purely
physical phenomenon. Although hemorrhagic
manifestations are common in leukemia, they

for involvement of cerebral white matter.
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seldom attain large size in parenchymal organs.
The massive nature of many cerebral hemorrhages
may be related to the inherent weakness of the
blood vessels”” and the lack of vascular support
offered by the brain parenchyma. The increased
frequency of involvement of the cerebral hemispheres,
in comparison with the cerebellum and spinal cord,
is probably solely due to differences in mass.?

In the present study 9% of the cases with
significant cerebral hemorrhage died with white
blood cell counts of less than 50,000/mm® and no
microscopic evidence of leukostasis. Microscopic
examination of the brains of these individuals,
however, also showed a markedly dilated vascular
system suggesting that dilatation, perhaps occasioned
by increased nucleoprotein destruction, still played
an important role. Certainly nucleoprotein metabo-
lism in leukemia, at least as measured by uric acid
excretion, is increased even in ‘aleukemic’ cases.'®
The combination of infection, so often a compli-
cation of leukemia, and fever in association with
an elevation of a protein-bound serum polysaccharide
and thrombocytopenia has been implicated in the
hemorrhagic diathesis of leukemic children.®-3
No attempt was made in the present report to
correlate infection with cerebral hemorrhage.

The results of this study suggested that thrombo-
cytopenia may be of secondary importance.
Platelets are important in preserving vascular
integrity. Adequate platelets may partially negate
the effects of an increase in vascular permeability.

The present study implied that the prevalence of
significant parenchymal hemorrhage is directly
proportional to age at death. This result is at
variance with previous reports® and the differences
between the various age groups are probably not
statistically significant. However, it seems reason-
able to assume that the resistance of the cerebral
vasculature to such factors as vascular dilatation
probably increases with age and hemodynamic
compensatory processes may function less efficiently.
Therefore, hypertension and atherosclerosis, the
age-related diseases which theoretically account
for the increased incidence of spontaneous cerebral
hemorrhage in older age groups, may play a
similar role in leukemia.
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SUMMARY

The present report summarizes the pertinent
clinical and pathologic findings in 165 cases of
leukemia autopsied during the period 1949-62 at
ABCC in Hiroshima and Nagasaki, Japan. Signifi-
cant parenchymal hemorrhage occurred most
often in acute myelogenous leukemia and was
markedly increased in patients dying with high
terminal white blood cell counts. Possible mecha-
nisms involved in the pathogenesis of cerebral
hemorrhage in leukemia are discussed. Suba-
rachnoid hemorrhage and subdural hematoma
were not related to leukocytosis but appeared to be
influenced by marked thrombocytopenia. Leukemic
infiltrates of a diffuse nature involving the meninges
were paradoxically increased in patients receiving
adequate chemotherapy. Meningeal tumors did
not show this peculiar relationship to therapy and
were not found in association with lymphatic
leukemia. Infections involving the central nervous
system were confined to patients receiving chemo-
therapy including steroids.
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