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Cranial Irradiation in the Management of
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Pumose :Acute leukemia with hyperleukocytosis (more than 10/mm) is at high risk of eary sudden
death, usually from intracerebral hemorrhage. Emergency cranial irradiation is a relatively simple approach
to solve this the problem. We summarized our experience of cranial irradiation in 24 leukemic children
who presented with hypereukocytosis.

Methods and Materiak : Between 1990 and 1998, 40 children with acute leukemia presenting with hyper-
keukocytosis were referred for emergency cranial iradiation. Among these patients, 24 chidren were
evaluable. There were 16 boys and eight girls, their ages ranged from 2 to 13 years (median 9.5 years).
The initial leukocyte counts ranged 109,910/mm’ to 501,000/mnv’. Peripheral blood smear was performed
in all patients and noted the morphology of the blast. Introduction of emergency cranial imadiation was
determined by the leukocyte counts (more than 100,0000mm) and the existence of the blast in peripheral
blood smear. All patients were treated with intravenous hydration with alkaline fluid and oral allopurinol.
Cranial irradiation started on the day of diagnosis. With 2 Gy in one fraction in 4 patients, 4 Gy in two
fractions in 20 patients.

Res ults : The WBC count had fallen in 19 patients (83%) and no intracerebral hemorrhage occumed after
irradiation. There were five cases of early deaths. Four patients died of metabolic complications, and one
patient with intracerebral hemorthage. He died 5 hours after cranial irradiation. No patient had any
immediate side effect from cranial irradiation.

Conclus jon : Our data suggest, that emermgency cranial imadiation can be safely chosen and effective in

childhood leukemic patients presenting with high leukocyte counts.
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INTRODUCTION

Hyperlaukocytods in lymphocytic o mydogenaus  leuke-
mia, cawvetionaly defined as a periphad leukocyte count
mare than 10°/mn?, secondary to lymphocytic o myelogen-
ous laukemia is a medicd emeagency necessitating pranpt
intervention. Hyperleukocytasis, which is seen in 5 10% of
nenly diagnosed cases of childhood leukemia, has been
asodaed with dissaminated intravascular coagulation (DIC),
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hypauricemia, hypekdemia, and hypaphogphatemia with
assodated rend inauffidency.” ? The most saicus compli-
caion is ealy deah, uwdly fran massve intracaeral
hemarrhage secondary to hyperviscosty. Urgent cytareduction
may be diffiault to achieve because unalitability of gohereds
procedure to pediatric patients with very andl blood va-
umes. The ue of enagency aanid irradidion and intrave:
naus hydrdion are smple dtenative goproach to solve this
problem.

We ammaized aur inditutional expeaience with this fam
of tresment in 24 ladkemic dhilden who presmited with
hyperleukocytoss.
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MATERIALS AND METHODS

Bewemn 1990 and 1998, 40 dhilden with aoute leukamia
pressting with hyperlaukocytosis weae refared to De
patment of Thegpautic Radidogy, Seoul Nationd Univesty
Hosital far emegency aanid irradiaion. Among thee pa
tients, 24 dhilden weae avaléle fa ther initid medicd
records. There were 16 boys and eicht girls and the ages a
diagnosis ranged fram 2 to 13 years (median 95 yeas). The
leukocyte caunts at diagnods ranged between 109,910 and
501,000mm?’. Plaelet oounts ranged between 16x 100 and
432x 10'/mn?’. Periphad blood smear was pefamed in dl
paients and nated the morphdogy of the blast. Introduction
of emagecy aanid irradision wes dgeamined by the
leukocyte counts (more than 100,0000mm) and the existence
of the blad in peaiphea blood smear. Bane marow
agirdion and bigpsy weae pafamed in dl paients for
diagnosis and 15 pdients had acute lymphobladic leukemia,
sx had ate mydogenaus leukemia two had diranic
myelogenous leukemia and one had lymphomaleukemia. One
paient wes asocisted with neurdogic deficit dreedy fram
intracereral hemarrhage which was canfirmed by CT scan.

All paients wae given aa dlguind (10 mgkgday
#3), and hydrated intravencudy with 3,000 ml/m?/day of 5%
dextrose water plus 20 mEyL Kd, 40 mEg/L Nad (in case
of BSA >1m’), and 24 mEgL NaHCOs;. Saum dedrayte
and wine pH were checked every 6 haurs and aduded
with the dectrdyte and NaHCO; oconcentration. Cranid
iradigion dated on the day of diagnods with padle
opposed latga fidds usng 4 MV X-say beams encom-
passing the entire brain. The eyes wae protected with lead
blocks. The totd dose to the whde brain wes 4 Gy with
daly fraction of 2 Gy in 2 conseautive days.

RESULTS

Twenty patients receved 4 Gy in two frations and four
pdients received 2 Gy in e fradion. The ressns far
giving only one fraction wee degth on the day of aania
irradigtion due to initid intracadra hemarhage rapid fall
of leukocyte count, stat of induction chemothegpy, and
deteriaration of meabdic status.

When the caanid irradigion was finished, the leukocyte
cants dedined in dl exoept four paiets. The leukocyte

oounts in nine paients dedined bdow 100000 mn?. The
reponse of aenid redigion and hydation on WBC caunts
was shown in Teble 1

Five deghs wae dosaved within 1 wek of aenid
iradigtion; ane cese had interacedrd hamarhage befae
aanid irradidion, four cases were due to meebdic addogs.
Thee wae no intracereébrd hemorrhage no acute toxicity
dter rediation theepy.

Induction chemathegpy darted within 4 days dter emer-
gcy aanid irradidion. Remissan was athieved in 14 of
19 paients. Afteward, ssven paients received praphyladtic
aanid irradidion as a catrd navaus sygem praphylaxis
accading to ther trestment protocol. The introduction of
exly radigion thegy did nat predude compleing a full
ocurse of central nervous sysem prophylaxis. In these 4
paiets regpse ocaurred in three paients, five paients wae
unda cdhemothergpy, and Sx paients remaned in remissan.

DISCUSSION

Althaugh the precise pathgohysologic basis far the intra
ogdral complications ocaurring with  hyperleukocytoss in
the aoute leukamia patients is not conpletely understood,
dinicophathdogic reviews of the problem suggest a lesst
two pahgohysiologic events. Feirdch and assoddes and
Fitz and asocides firg drew atention to the prevalence of
massve intracaeral hemarrhage in these pdients as qopos-
ed to supafida peedhia intraoanid hemorrhage associated
with thrambocytopenia™ ¥ They noted the generd lack of
svae thrombocytopenia (plade ocount less than 20,000/
mm°). Pahdogicaly, a high frequency of peivasaular in-
filrdion by blag cdls was noted, and they gewulaed that

Table 1. Resporse of Crarial Irradietion ard Hydretion on the
WBC Courts

Change of the WBC counts

Number of patients

Decreased 19

0 20% 7

20 50% 7

50 100% 5
Increased 4
"WBC counts 2 days after initiation of RT/ initidl WBC
counts
note:one patient died 5 hours after crania irradiation

therefore follow-up CBC was performed in twenty three
patients.
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this infiltraion led to vasula damage with Subsecuent
massive paenchymd hemarhage. The prapendty far massive
inracereral hemarrhage seems to rdate to the incressed
viscodty of blood. Elevdion of the visoosty of whole blood
has ben augeded with the devaion of the leukocyte
caunt, and this increased viscosty would ocontribute to
dudging of leukocytes and famaion of leukocyte thronbi.
The fact that leukemic blags ae intrindcdly less defaméeble
than namd leukocytes may furthe contribute to praolems at
the micovasular levd, whae leukamic blags could plug
smal capillaies and initie leukostass” Local perivasula
leukemic prdifaation, veswular damege, necrods, and mes
sive intracerdord hemarhage follow.”

Wienik and Sapick firdly have suggested the use of
canid irradiaion with 6 Gy in singe fraction, which wes
changed to 4 Gy dnge fraction later, to be administered an
an anageacy bass in an adtempt to dop locd leukamic
proifeation and subsequent vesular damege” Their group
reported no degth rdated to ocentrd nervaus sysem hemar-
rhege dter the ingtitution of a pdicy to irradiate the pdients
in bleg crigs. The Mayo expeaience seams to confirm the
benefidd effect of the aanid radiaion with 4 Gy in single
frection in the pediatric age graup?

Depite the dficacy of aanid irradidion, the potentid
toxicity associsted with corenid irredidgion coupled with the
falure of this thegpy to andiorae the extranaurd compli-
cdions of hyperleukocytosis has led to the devdopment of
trestment to acutdy deaease the dreulaing blast count such
as leukgpheress and exchange transfuson. These techniques
gpea to efectivdy lowe the leukocyte count with mean
reducion of 48% fa leukgphereds and 66% fa exchange
transfusan,” however bath methods ae invesive, epedally
in diilden, requiire intendve cae unit wupport, and time
conauming in prepaation of intervention. These tedhniques
ae asxndaed with rgpid rebound of ciraulding leukemic
cdls, and may be asociated with subgantid conplications
uch as symptams of hypovdemia, dilutiona  thrombocyto-
peiia And mog of dl, failure to mantan adequae blood
flow rates can makedly decrease the effidency of the
procedure, especidly in childnood patients” *”

Neson and asxciaes reported tha three infants in wham
treted with inravenaus hydration, urinary akdization, and
od dlopwrind theapy produced wbgantial reduction of
leukocyte count. The authors suggested that  intravenaus
hydraion could doviate the need far cranid irradiation or in-

vasive procedures such as exchange transfuson o leuka
pheresis?

In this gudy, we usad the radiation dose of 4 Gy in two
fractiong with the purpose of reducing potentid toxidty. The
efect of cranid irradiaion an the reduction of WBC caunts
was mild. Our man purpose of aanid irradigion was the
prevention of intracerdord hemorrhage. It is impressve that
inracerdra  hemorrhage did not ooccur in aoute  chilchood
laukemia cases with hyperlaukocytosis after emergency
aanid irradation, dthaugh there was no contrd graup.

CONCLUSION

Althaugh the use of emegacy aanid irradidion and
intravenaus hydration does not prove that the procedure pre
vents intrecerdbrd hemorthage, aur favorable expeience sug-
gests that it shauld be conddered in paients with hype-
leukocytosis in childhood leukemia as one of the acute
managemant of reduding the risk of intracerébrd hemarrhage.
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