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Abstract

The first days after an accidental radiation overexposure are most crucial for assessing the extent of damage to
the organism. This information is decisive for determining the patient’s prognosis, the clinical course and the
outcome. As the hematopoietic system is most sensitive to radiation effects the most sensitive markers can be
derived from this system. For the development of a classification system on the basis of typical cell line curves we
retrospectively analyzed in a first step the granulocyte-, lymphocyte- and thrombocyte response pattern of change
as a function of time after acute radiation exposure due to the Chernobyl accident in 1986. The second step was
the pathophysiological interpretation of the resulting patterns as a basis for assessing the extent of damage to
the hematopoietic system in terms of its reversibility or irreversibility. Transplantation therapy becomes neces-
sary if autologous recovery of the hematopoiesis is impossible. It is possible to develop a reliable classification
system to give early predictions of the patients’ clinical course and outcome taking granulocyte-, lymphocyte-
and thrombocyte response patterns as an example. This is based on the pathophysiological differentiation be-
tween reversible and irreversible damage to the stem cell compartment of the bone marrow.

Keywords: Chernobyl accident, acute radiation syndrome, hematopoietic response, classification system.

As we know from former radiation accidents, the = Kak M3BECTHO M3 MaTEPHAJIOB O IIPEABIAYIIINX PAUAIIN-

first days after an accidental radiation overexposure
are most crucial for assessing the extent of damage
to the organism. This information is decisive in de-
termining the patient’s prognosis, the clinical course
and the outcome. Furthermore, the patient’s prog-
nosis is important for planning therapeutic options
and for improved patient management.

Up to now clinical recommendations after a radia-
tion overexposure are mainly based on physical or
biological dosimetry. This is certainly important for
the estimation of risk of developing radiation in-
duced late effects such as cancer or others. But be-
ing aware of different problems in some of the
emergency situations, for example a lack of infor-
mation on the accident situation, the homogeneity
of the exposure, the absorbed dose and so on, only
an unreliable estimation of an exposure dose can

OHHBIX ABAPUSX, IEPBBIE JHU MOCJIE OOIYYEHUS BCIIET-
CTBUE ABAPHUHHON CUTYALIUU ABJIIIOTCA PELIAIONIMU B
OIIPE/ICJICHUH CTENICHU MTOPAKEHUS OpraHru3Ma. Ha ocHO-
BE MH(POPMAITUN 06 TOM IIEPUOJE ITIPOTHO3UPYIOT TEUE-
HUE OOJIE3HU U €€ UCXO/I. bosee Toro, 3To IpOrHo3upo-
BAHME BAKHO /IS IVTAHUPOBAHWS TEPATICBTUYCCKUX JICH-
CTBUM U 1151 3(PPEKTUBHOTO JIEYCHMUSL.

J10 HACTOAMIETO BPEMEHHN KIMHUYECKHUE PEKOMEHTAIIUN
JUISL TIOCTPAAABIINX OT BO3JEMCTBUA HOHU3UPYIOMINUX U3-
JIy9€HUI 6A3UPOBATHUCh, B OCHOBHOM, HA JJAHHBIX (PU3H-
YECKOU MJIH OUOJIOTUYECKOM JOZUMETPUH. DTO, KOHEYHO
JK€, BAKHO JUIS1 ONIPEJENEHNA PUCKA PA3BUTHA OTAAJICH-
HBIX PA/IUAIIMOHHBIX 3(P(PEKTOB, TAKUX, KAK PaK U /1p. Ho,
OCO3HABAA PA3JIMYHBIE TPOOJIEMBI B HEKOTOPBIX YPE3BbI-
YANHBIX CUTYAIUAX, HAIIPHUMED, HEJOCTATOK UH(MOPMA-
ITUU O CJIYUBIIIEMCSI, O PABHOMEPHOCTH OOJTYICHUS, Pa3-
MEpPE HOIJIONEHHOM JJO3BI U T.J1., MOSKHO YTBEPK/IATh, 4YTO
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be given by this dosimetry approach in the first days.
Furthermore, due to interindividual reactions to ra-
diation exposure it is difficult to draw conclusions
only from the dosimetry about the biological strain
on the organism. Therefore, to our understanding
it is not possible with the conventional dosimetry
approach to predict early enough the reaction to
radiation exposure for individual accident victims,
and to plan on the basis of dosimetry an appropri-
ate therapeutic regime. As a consequence, to over-
come this deficiency, more reliable early clinical in-
dicators are needed to identify precisely the dimen-
sion of the impairment to the organism and to select
appropriate intervention options.

As the hematopoietic system is most sensitive to ra-
diation effects the most sensitive markers can be
derived from this system. Due to typical response
patterns as a function of time after radiation over-
exposure different peripheral blood cells such as
granulocytes, lymphocytes or thrombocytes can be
considered to be of particular importance. Howev-
er, it has to be mentioned that mediators of other
organs systems, for example early clinical markers
from the skin or the central nervous system, can also
contribute crucial information on the patients per-
formance, but this presentation will focus on the
hematopoietic system.

The different cell line response patterns serve as the
basis for assessing the extent of damage to the bone
marrow. This assessment approach will then result
in a hematological classification system for early
prediction of the patient’s health impairment. What
we did in our group was to identify and categorize
response patterns of different hematopoietic cell
lines.

For the development of a classification system on
the basis of typical cell line curves we retrospectively
analyzed in a first step the granulocyte-, lympho-
cyte- and thrombocyte response pattern of change
as a function of time after the acute radiation expo-
sure due to the Chernobyl accident in 1986. The se-
cond step was the pathophysiological interpreta-
tion of the resulting patterns as a basis for assessing
the extent of damage to the hematopoietic system
in terms of its reversibility or irreversibility.

The necessary hematological data for the
evaluation were taken from the newly devel-
oped SEARCH database. SEARCH is the acro-
nym for System for Evaluation and Archiving
of Radiation Accidents Based on Case Histo-
ries. This database is the latest successor of
MURAD — the Moscow Ulm Radiation Acci-
dent Database, designed and implemented in
Ulm in 1990 by our colleagues Dr. Densow,
Prof. Baranov, Dr. Kindler and Prof. Fliedner.
In 1994 MURAD was extended by a follow-up
database which was mainly designed and im-
plemented by Dr. Weiss, Prof. Bebeshko, Dr.

3TOT JO3UMETPUUYECKUI MOAXO]] ABIAETCA HEJOCTATOY-
HBIM /ISl OLIEHKHM OOJIy4€HUA B IIEPBBIE JIHU. Bojiee Toro,
M3-34 UHIUBU/YAJIbHOM PEAKIIUK HA OOIYy4EHHE CJIOKHO
C/IEJIATD 3AKIIOYEHUE O OMOJIOTIMYECKOM BJIMAHUU Ha
OPraHU3M TOJIBKO Hd OCHOBAHUH PE3YJIBIATOB JO3UMET-
pun. TAKUM 06PA30M, MBI CHUTAEM, YTO C [IOMOIIIBIO TPa-
JULIMOHHOI'O JO3UMETPUUECKOI'O HOAXOA IIPEACKA3ATD
H4 PAHHUX CTAAWAX ABAPUMHOM CUTYALIUU PEAKLIMIO HA
OOJIydE€HUE OT/JIEIBHBIX MTOCTPAJABIINX U IUIAHUPOBATH
TEPATIEBTUYECKUI PEKUM HEBO3MOXKHO. HEO6XOIMMEI
0oJIee HAJIE)KHBIE PAHHUE KIMHUYECKUE UHANUKATODHI,
KOTOPBIE IOMOL'YT TOYHO YCTAHOBUTD CTEIICHb IIOBPEK-
JIEHUA OPT'AHU3MA U BBIOPATE COOTBETCTBYIOIIHNE CIIOCO-
ObI BMEIIIATENLCTBA.

Tak Kak KPOBETBOPHAsA CUCTEMA HAMOOJIEE PATUOYYB-
CTBUTEJIbHA, TO OHA K€ U MOKET OBITH CAMBIM YYBCTBH-
TCIIBbHBIM MH/IUKATOPOM. BCHC,HCTBI/IC CynicCTBOBAHUA
THUITMYHBIX IIATTEPHOB pEarupOBaAHMS BO BDEMEHU I10C-
JIE YPE3MEPHOTO OOIYYEHNS XaPAKTEPUCTUKU PA3ITHY-
HBIX KJIETOK IEPHU(EPUYECKON KDOBH — I'DAHYJIOLIUTOB,
JIMM@POLIUTOB U TPOMOOIIUTOB — IPUOOPETAIOT OOJIb-
1o€ 3HaUeHue. XOTsl, HaZIO 3AMETUTD, [IOCPEJCTBOM U3Y-
YEHUSI UIBMCHECHUH B JAPYTUX CUCTCMAX 1 OPraHax, TAKUX,
KaK KOXKa WJIN IICHTPAJIbHAA HCPBHAA CHUCTCMA, TAKKC
MOXKHO HOJIYYUTB BAXKHYIO HH(POPMAITHUIO O COCTOSIHUU
nanreHTa. Ho MbI OCTAaHOBMMCS Ha KDOBETBOPHOM! CHUC-
TEME.

Pasnuunbie HZl’ITCpHI)I pCaFHpOBaHI/IH KJIE€TOYHBIX JIUHUN
CJIY?KaT OCHOBAHHEM JJIsA OIIPE/ICTIEHUSA TTTyOHMHbBI ITOBPEK-
JEHUSI KOCTHOI'O MO3rd. O1IeHOYHBIN ITOJIXO0/] ITO3BOJISIET
Pa3paboTaTh reMATOJIOIMYECKYIO KITACCU(PHKAIIUIO U3ME-
HEHUN KICTOYHbIX JIMHUH I PAHHEIO IIPOTrHO34 YILEeP-
62 3710pOBBIO MarueHTa. B Hame pabore Mbl WJICHTUDU-
IMUPOBAIN U PA3JCISUIA HA KATETOPUN HATTEPHBI pea-
TUPOBAHMA PAZTNIHBIX KJICTOYHbBIX JIMHHWIM T€MOIIO334.

11 pazpaboTKU KIACCU(PUKAIIMYU HAd OCHOBE U3YYEHUS
KPHUBBIX THUITMYHBIX KJIETOYHBIX JIMTHUI BHAYAJIE OBLI ITPO-
U3BEEH PETPOCHEKTHUBHBIN AHAIN3 ATTEPHA PEATUPO-
BAHMUS TPAHYJIOLUTOB, JUM(POLIUTOB U TPOMOOIIUTOB BO
BPEMEHHU IIOCJIE OCTPOTO OOIIyIEHUS B pe3ysraTe Yep-
HOOGBUTBCKOM KaTACTPOMBI B 1986 . BTOpHIM 11arom 6su1a
MATO(PUZNOTOTUYCCKAST UHTEPIIPETAINS 3THUX HATTEP-
HOB, HA OCHOBaHMH KOTOPOH OIPE/IEIISUIN CTEIIEHD T10-
PaKEHUA KPOBETBOPHOM CUCTEMBI B IUTAHE €TI0 OOPATH-
MOCTHU UJIM HEOOPATUMOCTH.

Heobxoaumble I OLIEHKH I€MATOJIOTUYECKUE JAHHDIE
OBbUIN B3SITHI 3 HEAIABHO Pa3padoTaHHOM crucreMbl SEARCH
(System for Evaluation and Archiving of Radiation Accidents
Based on Case Histories — crucrema OLIEHKU U ApXHUBUPOBA-
HUA PAIUAIIMOHHBIX ABAPHI1 HA OCHOBE UICTOPUH OOJIE3HI).
Dra 6332 JAHHBIX — HOBEHIIAA IPEEMHHUIA CUCTEMBI
MURAD (the Moscow Ulm Radiation Accident Database —
MOCKOBCKO-YJIbMCKAsI 6434 JAHHBIX PAJUAITMOHHBIX aBa-
puit), pa3pabOTAHHON U BHEJPEHHOM BT YIbM B 1990 T Ha-
LMY KOJUIEraMH JI-poM Densow, mpod. BapaHOBbIM, I-pOM
Kindler m mpod. Fliedner. B 1994  MURAD 6bU1a JOIIOTHE-
Ha 6a301 JaHHBIX, BOCHOBHOM Pa3pabOTaHHOI U BHEIPEH-
HO¥ JI-poM Weiss, ipod. bebemko, 1-pom besbiv, 1-poM Iep-
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Bely, Dr. Gergel, Mr. Wedel and Prof. Fliedner.
Besides other cases, the SEARCH database
currently contains 260 case histories from
the Chernobyl disaster.

The minimum criteria for our retrospective analy-
Sis were:

e An evaluation period of 50 days after radiation
over exposure

* The availability of complete hematological data,
in the best case from the very first beginning after
the radiation exposure

e Furthermore, there should be a similarity in the
descending as well as the ascending parts of the dif-
ferent hematopoietic cell line response patterns.

The above mentioned criteria fits for each single cell
line as a basis for classification for the following
number of cases:

* 143 case histories for analyzing the granulocyte
response pattern

* 114 case histories for analyzing the lymphocyte
response pattern

* 120 case histories for analyzing the thrombocyte
response pattern.

As will be shown, we were able to distinct for each
hematopoietic cell line — granulocytes, lympho-
cytes and thrombocytes — 4 different response pat-
terns.

Based on the analysis of the above mentioned num-
ber of original patients’ data for the following cell
line response curves only the mean value for each
category is shown.

The granulocyte response patterns are presented in
figure 1.

The lymphocyte response patterns are presented in
figure 2.

The thrombocyte response patterns are presented
in figure 3.

For the understanding of the pathophysiological in-
terpretation of the different response patterns we used
a simplified model which reflects the cell renewal or
cell development systems and its different compart-
ments: in the bone marrow there is the stem cell pool,
the progenitor cell pool and the precursor cell pool
while mature or maturing cells are mainly located in
the peripheral blood. The flow times of the different
development stages are quite well known and suffi-
ciently documented in the scientific literature. Addi-
tionally it can be assumed that there is a association
between increasing maturation and decreasing radi-
ation sensitivity of the cells. Any damage located in the
different compartments will cause typical response
patterns in the resulting cell line curves.

resiem, r-HoM Wedel nnipod. Fliedner. Cpeny pyrux ciryda-
€B Ha HACTOSILIUE MOMEHT 6a3a JaHHbIX SEARCH conepsxur
CBEJICHUS M3 UCTOPHIT 60se3Heit 260 TTOCTPAIABIITHX B Pe-
3yJssrate YepHOOBUILCKOM KATACTPOMDL

MUHUMUIBHBIMUA KPUTEPHAMHU JUIS1 HAIIIETO PETPOCIIEK-
THUBHOT'O AaHAJIN3a ObLIN:

* OLIEHOYHBIN nepuos B 50 JHEH nocjie obiyde-
HUST,;

* HAJINM4YMC IIOJIHBIX I'€MATOJIOIHMYCCKHUX TAHHBIX KCIa-
TCJIBHO CPA3y JKC ITOCIIC O6IIY‘~ICHI/IH;

* CXOZICTBO KAK B HUCXO/AIIMX, TAK M B BOCXO/AIIMX YaC-
TAX PA3JIMYHBIX [IATTEPHOB PECArUPOBAHUSA KIECTOYHBIX
JIMHUI KPOBETBOPCHMUA.

BrleynnomMsiHyTbIe KDUTEPUU COOTBETCTBYIOT KAXKIOM
KJIETOYHOM JIMHUMU. /I TOCJIEAYIOMEH KIaCCU(PUKALINU
OBbLIO BBIJICJICHO CJIC/IYIOIECE KOJTMYECTBO CIIYYACB:

* 143 — 11 aHAIM34 IPAHYJIOLIUTAPHOIO IATTEPHA pea-
UPOBAHUS,

e 114 — 1 ananu3a mMEOLUTAPHOrO MATTEPHA pea-
TUPOBAHUS,

e 120 — 1 aHAIM3a TPOMOOLIUTAPHOI'O NATTEPHA Pea-
TUPOBAHUSI.

Kak OyzieT MOKa3aHo Jajiee, Mbl CMOIJIU YCTAHOBUTD IS
KaK/IOM KPOBETBOPHOM KJIETOYHOM JIMHUU — I'PAHYIIO-
LATAPHOU, TUM@POIIUTAPHON U TPOMOOITUTAPHON — 4
PA3JIMYHBIX TATTEPHA PEATUPOBAHMSL

OCHOBBIBASICH HA AHAJIU3E BBIIICYKA3dHHOI'O YHCJIA OPH-
I'MHAIbHBIX JIAHHBIX, [TOKA3AHbI TOJILKO CPEHUE 3HAYE-
HUS TI0 KDKIOH KATETOPUH CJIEAYIOINX KPUBBIX PEATU-
POBAHMS KJIETOYHBIX JIMHUM.

I'panynonuTapHbIE TATTEPHBI PEATMPOBAHNSA IPECTAB-
JIEHBI HA PUCYHKE 1.

JInMpOLUTAPHBIE HATTEPHBI PEATUPOBAHUS IPE/ICTABIIC-
HbI HA PUCYHKE 2.

TpOMOOLUTAPHBIE MATTEPHBI PEATMPOBAHUS IPEACTAB-
JICHBI HA PUCYHKE 3.

JJ1s1 TIOHUMAaHUA TATO(PU3HOIOIMYECKON UHTEPIIPETA-
LU PA3JIMYHBIX ITATTEPHOB PEArUPOBAHUA Mbl UCIIO/Ib-
30BAJIN YIIPOLIEHHYIO MOJEb, OTPAXKAIOIIYIO KJICTOUHOE
BOCCTAHOBJICHHE WU PA3BUTUE U €€ PA3JIMYHBIE COCTAB-
JIAIOIIME: B KOCTHOM MO3I'€ CYLIECTBYIOT ITYJIbI CTBOJIOBBIX
KJIETOK U KJIETOK-IIPEAIECTBEHHUKOB, TOI'Ad KAK 3DEJIbIe
WIN CO3PEBAIOIIYE KIETKU B OCHOBHOM HAXOAATCH B I1€-
pudepUIECKOr KPOBU. [TpO11€CCH HA PA3IMYHBIX CTA/IU-
AX PA3BUTUA XOPOIIO U3BECTHBI M U3JIOKEHDI B HAYYHOU
jmreparype. JJONoJIHHATENIBHO MOKHO OTMETHTD, YTO CY-
LIECTBYET CBA3b MEXKAY CO3PEBAHUEM U CHIDKEHHUEM Pa-
JHOYYBCTBUTEJIIBHOCTU KJIETOK. JII0OOOE IIOBPEXICHUE B
PA3IMYHBIX COCTABJIAIOMIMNX [IPUBEACT K TUITMYHBIM [14T-
TEPHAM PEATUPOBAHUSA B PE3YIBTUPYIONUX KPUBbIX KJIC-
TOYHBIX JIUHUI.

57



Friesecke et al. / International Journal of Radiation Medicine 1999, 1 (1): 55-62

FIGURE 1. GRANULOCYTE RESPONSE PATTERNS PRESENT!

ED GRAPHICALLY BY THE MEAN VALUE FOR EACH CATEGORY

PUCYHOK 1.TPAHYJIOLMTAPHbI MATTEPH PEATVIPOBAHUS (TPAGWUYECKI NPEACTABJIEH OCHOBHBIMI NMOKASATENSMU

e10%L"

Cat. |

0
14 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49

Cat. Il

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49

Category I: On average the cell counts will remain between 2 and 4.5¢10° L~

Category II: A granulocytosis appears within a few hours as a result of
inflammatory release from the bone marrow. After day 4, cell counts
drop slowly reaching minimum levels below 1¢10° L~ around day 20.
Signs of increasing cell counts became obvious usually not before
day 30-35.

Category Il An abortive rise can also be seen around day 4, but afterwards
cell counts drop to levels below 110°L~" around day 10. Signs of increasing
cell counts became obvious around day 30-35.

Category IV: The abortive rise can be seen around day 2, a little earlier than in
category Il or Ill. Then the cell counts drop reaching values below 0.5¢10° L~
between day 7 and 10. If at all a discrete increase of the cell counts can be
seen around day 40 but this is not stable.

Summarizing the results after pathophysiological
consideration the classification differences in the
above shown curves were mainly caused by differ-
ences in the cell line response curves as a function
of time with respect to:

* the duration and pattern of the descending part
of the curve;

e the duration of the nadir;
* the pattern of the ascending part of the curve;
* the level of the absolute cell count for each category.

It seems altogether certain that the cell response to
radiation overexposure is not only influenced by

LN KAXIOIA KATEFOPUN)

6

Cat. Il
5

w

N

0
1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49

Cat. IV

DY

4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49
DAYS AFTER EXPOSURE

Kateropus I: B cpeiHEM KONMYECTBO KNETOK OCTaeTCs paBHbIM 2—4,5¢10° .

Kateropus II: rpaHynounto3 nosiBAsETCS B TEYEHNE HECKOMbKNX YACOB Kak pe-
3ynbTar BbICBOOOX/EHMS U3 KOCTHOrO MO3ra BCeACTBUE BocnaneHus. focne
4 Hen KONNYeCTBO KIETOK COKPALLIAETCS, MEANIEHHO AOCTUras K 20-My [HIO M-
HUMANBHOrO YPOBHSA Himke 1¢10° . MpU3HAKK YBENNYEHWS KONNYECTBA KIETOK
CTAHOBATCA 04EBMAHBIMI 06bI4HO, He focTuras 30-35-r0 AHs.

Kateropus lll: a6opT1BHbIA POCT TakKe MOXKET ObITb BUAEH K 4-My AHIO, HO 3aTeM K
10-My [IHIO KONMYECTBO KNETOK COKpaLLIaeTcsl 0 YPOBHS Hibke 110°". MpuaHa-—
KV YBENMYEHNS KONNYECTBA KIETOK CTAHOBATCH 04eBUAHbIMK K 30-35-My AHI0.

Kareropus IV: a60pTMBHbIA POCT MOXET ObITb BUAEH KO 2-MY [HIO, T. €. He-
MHOTM paHee, 4yem B katreropuu |l unu I11. 3arem KonnN4ecTBO KNeToK J0CTU-
raer 0,5¢10°n"mexay 7 u 10-m gHem. IMCKpeTHOE YBENNYEHNEe KOnnYecTBa
KINEeTOK BULHO K 40-My [1HI0, HO OHO He SIBNISIETCA CTAbUIbHbIM.

CyMMUpPYsT pe3yasraThl MOCJIe NATO(MU3NOIOTTIECKOIO
PACCMOTPEHHS, MOKHO CKa3aTh, YTO KIACCH(PUKAITIOH-
HBIC PA3TNYNS B BBIIICOITMCAHHBIX KPHBBIX BBI3BAHBI B
OCHOBHOM Pa3HYMSIMU B KDUBBIX PCAKIINI KICTOYHBIX
JIMHUH BO BDEMEHHU OTHOCHTEIIBHO:

* [IPOAOJDKUTENBHOCTH U HATTEPHA HUCXOJAIIECH YaCTU
KPUBOI];

* [IPOJOJDKUTEIIbHOCTH HUBIIEHU TOYKY;
* [IATTEPHA BOCXOJAIIEN YACTU KPHUBOW,
* 26COMOTHOI'O KOJIMYECTBA KIIETOK /IS KKION KATETOPUH.

CIieJoBaTENIbHO, KIETOYHASI PEAKITHS HA BO3/ICHCTBUE
UOHUBUPYIONINUX USTYIECHUH ONPENEISIETCS HE TOJIBKO
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FIGURE 2. LYMPHOCYTE RESPONSE PATTERNS PRESENTED GRAPHICALLY BY THE MEAN VALUE FOR EACH CATEGORY
PUCYHOK 2. NIIM®OUMNTAPHBIA MATTEPH PEATPOBAHIS (TPAGUYECKI NPELCTABIEH OCHOBHbLIMI NOKASATENAMIA

LN KAXKIOI KATETOPUM)

10%L"
3 3
Cat. | Cat. Il
2.5 2.5
2 2
1.5 1.5
1 A W \ W
0.5 0.5
0 0
14 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49
3 3
25 Cat. Il 25 Cat. IV
2 2
1.5 15
1
\"/— 05

1
s\,
0

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49

Category I: On average the cell counts will remain between 1.5 and 2.5¢10° L
Category II: On average the cell counts will be between 0.5 and 1.5¢10° L~

Category lll: On average in the course of time the cell counts will be between
0.25°10°L-"and 1.0e10° L

Category IV: On awerage the cell counts will be between 0.1¢10°L-"and 0.25¢10°L~"

quantity of the stem cell compartment but also by
quality.

From the presented cell line curves and the patho-
physiological interpretation the following overall
clinical classification system can be established (fi-
gure 4):

Category I describes an mild impairment to the
hematopoietic system where autologous restitution
is certain.

In Category Il the impairment to the hematopoie-
sis is moderate but autologous restitution is still
most likely.

Category III summarizes the group with severe he-
matopoitec damage. But even in this category autolo-
gousrestitution of the hematopoietic system is possible.

In Category IV the damage to the hematopoietic
system is fatal or at least serious. An autologous re-
generation of the hematopoiesis is impossible.

0 N7 SN
1 4 7 1013 16 19 22 25 28 31 34 37 40 43 46 49 52
DAYS AFTER EXPOSURE

Kateropus I: cpefiHee Konn4ecTBo KNeTok octaeTcs pasHbiM 1,5-2,5¢10° 07"
Kareropus II: cpeaHee konuyectBo knetok — 0,5-1,5¢10° n-'

Kateropus Ill: B cpegHem, Konu4ecTBO KNeTok konebnetcs mexay 0,25 un
1e10°n".

Kareropus IV: cpeaHee konunyectBo knetok — 0,1-0,25¢10° .

KOJIMYCECTBCHHBIMMU ITOKA3ATC/IAMM CTBOJIOBBIX KJIICTOK, HO
M X KAYCCTBCHHBIMU XAPAKTCPUCTUKAMU.

W3 npeAcTaBIeHHbIX KPUBBIX KJIETOYHBIX IMHUI U [1ATO-
(PU3HUOJIOTUIECKON MHTEPIIPETALIMA MOKHO YCTAHOBHUTD
CJIEAYIOUTYIO OOIYIO KIMHUYECKYIO KIACCU(PHUKAIITMOH-
HYIO CUCTEMY (PUCYHOK 4):

Karteropms I: oruceiBaeT HEOOBIIOE yXYAIIICHHUE COCTOS-
HUSI KPOBETBOPHOM CUCTEMBI, I7I€ OIPEJICIIEHHO CYIIE-
CTBYET COOCTBEHHOE BOCCTAHOBJICHHE.

Kareropms II: nOBpeXIEHNE KPDOBETBOPEHUSA CPETHEE.
[Tpu 9TOM CO6CTBEHHOE BOCCTAHOBJIEHUE BCE EIIE BECH-
Ma BEPOSITHO.

Kareropws III: cepbe3HbIE TTOBPEXKICHMA KPOBETBOPE-
HUsL [lake B 9TOM KATETOPUH BO3MOXKHO COOCTBEHHOE
BOCCTAHOBJIEHUE KPOBETBOPHOI CUCTEMBL.

Kareropumu IV: TOBpeXecHUE KPOBETBOPHOM CUCTEMBI
TrHOEIBHOE WIM KPariHE cepbe3Hoe. COOCTBEHHOE BOCCTA-
HOBJICHHEC KPOBETBOPCHMSI HEBO3MOZKHO.
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FIGURE 3. THROMBOCYTE RESPONSE PATTERNS; PRESENTED GRAPHICALLY BY THE MEAN VALUE FOR EACH CATEGORY

PUCYHOK 3. TPOMBOLIMTHAA MOJES1b PEATPOBAHISA (TPAGUYECKI NPEOCTABIIEHA OCHOBHbBIMI MOKASATENIAMIA
LN KAXIOIA KATEFOPUN)
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Category I: On average the cell counts will not drop below the lower border of
the normal range (150010°L™").

Category II: Cell counts will be above the lower border of normal range (150¢10° L")
for about 10-15 days. Then the descending part of the curve starts reaching
the nadir at about day 20-24. First signs of regeneration can be seen between
day 30 and 34.

Category llI: Cell counts will be above the lower border of normal range for
about 5-10 days. After the descending of the curve the nadir will be reached
at about day 16-18. Increasing of the curve will not start before day 34-38.

Category IV: Cell counts drop nearly linear, reaching the nadir at around day
10.
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Kareropusa I: cpeHee KonM4eCTBO KNETOK He MEHbLLIE HYDKHEI rPaHNLbl HOPMbI
(150010°517").

Cat. IV

Kateropus II: 41cno KneTok BbiLlle HIKHEN rpaHuLbl HOpMbI (150010° ") Ha
npoTskeHun 10-15 gHein. 3arem, k 20-24-My AHIO HUCXOAALLAS YacTb KpU-
BOW [OCTUrAET CBOEN HU3LLeil TOuKM. [lepBble MPU3HAKNM BOCCTAHOBNEHUS
HabnogarTcs mexay 30 u 34-m gHem.

Kateropus llI: 41CNo KNETOK Bbile HWXKHEr0 npeaena HOpPMbl Ha NPOTSHXe—
Hum 5-10 gHen. Mocne naeHns KpUBOiA, HU3LWIAA TOYKa AOCTUraetcs K 16—
17-my AH10. POCT KpUBOIA Ha4NHAETCS He paHee 34—38-r0 AHs.

Kateropua IV: 41Ccno KNeToK CHWXKAETCH NpakTUHecKu NMHEHo, AocTuras
HU3LWeil ToukM K 10-my AHi0.

FIGURE 4. CLASSIFICATION SYSTEM OF HEMATOPOIESIS RADIATION DAMAGE
PUCYHOK 4. KITACCU®UNKALIMOHHAA CUCTEMA PAOVALIMOHHOTO NMOPAXEHIA KPOBETBOPEHIA

Classification System (I

Knaccudukauunonnasa cucrtema ()

O Category |
O Mild — autologous restitution certain
O Categoryll
O Moderate — autologous restitution likely
O Category Il
O Severe — autologous restitution possible
O Category IV
O Serious/Fatal — autologous restitution impossible

O Kateropual
O nerkas, CaMmoBOCCTaHOBIIEHIE CYLLECTBYET
O Kateropwna ll
O yMepeHHas, CaMOBOCCTaHOBIEHIE BEPOSATHO
O Kateropwua ll
O TSKenas, CaMoBOCCTaHOBIEHNE BOSMOXHO
O Kateropua lV
O cepbe3Has/rnbenbHas, CaMoBOCCTaHOBEHNE HEBOSMOXHO

Based on this pathophysiological classification
system, therapeutic recommendations can be for-
mulated. Without mentioning therapies such as
the necessary antibiotics or electrolyte infusions
and with respect to the hematopoietic cell system

OCHOBBIBASICh HA 3TO¥ NATO(PUHOIOIMUYECKON KIACCU-
(PUKALMOHHOM CUCTEME MOKHO C(POPMYJIMPOBATH TEPA-
MIEBTUYECKHE PEKOMEH/IAITNH. KpOMEe TaKMX METO/IOB Jie-
YEHMsI, KAK HEOOXOAUMBIC AHTHUOHOTUKU WIX UH(PY3UU
JIEKTPOJINTOB, CYIIECCTBYIOT TPU BAXKHBIX I'PYIIIBI TEPA-
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there are three important groups of therapeutic
options:

* substitution or replacement therapy, for example
with whole blood cell transfusions or single cell
concentrates;

* stimulation therapy with GE for example cytok-
ines such as GCSE GMCSE thrombopoietin etc,

e transplantation therapy, in a radiation accident
situation most likely peripheral stem cell transplan-
tation.

A replacement or substitution therapy is necessary in
case of clinical problems such as bleeding or respirato-
rysymptoms. In patients classified Category Imostlikely
none, or only substitution therapy, will be needed.

From existing knowledge, stimulation therapy
should be administered as early as possible to influ-
ence positively the extent and duration of low cell
counts. In patients classified Category II, besides sub-
stitution therapy, stimulation therapy becomes
more likely. Experiences made in Category III pa-
tients show that substitution as well as stimulation
therapy is necessary.

Transplantation therapy becomes necessary if au-
tologous recovery of the hematopoiesis is impossi-
ble. The only chance for Category IV patients to sur-
vive is a stem cell transplantation in addition to the
other above mentioned treatment regimes. But the
possibility of death due to multiple organ failure
increases if there were other severe organ or organ
system impairments in combination to the hemato-
poietic damage. In those cases therapy can only be
palliative and symptom oriented (figure 5).

Returning to the hematopoietic based classification
of the Chernobyl accident victims, patients have been
distributed among the different categories as it can
be seen in figure 6. Not talking about absolute num-
bers, most of the patients were retrospectively clas-
sified being Category I, only some being Category IV.

In comparison to the different hematopoietic
based categories please, turn your attention to the

MNEBTUYECKUX MEPOTIPUATHI, KACAIOIINXCA BO3IEUCTBUA
HAa CUCTEMY KDOBETBOPHBIX KJIETOK:

* 3AMECTUTEIbHAS TEPAITHSL, HAIIPUMED, C TIOJIHBIM ITepe-
JIMBAHHUEM KPOBH WJIH OTAEJIBHBIX KJIETOUYHBIX KOHIIEHT-
paToB;

* CTUMYJIUPYIOIIAS TEPATIUS C (DAKTOPAMU POCTA, HAIPUMED,
uTokuHaMu (GCSE GMCSE TpOMOOIUTONIOSTHH H JIP.);

* TPAHCIUIAHTAIIMOHHAS TEPAIIUSL: B CJIy4ae paJUaIliOH-
HBIX aBaPHUI HAMOOJIEE BEPOATHA TPAHCIUIAHTALINUA IEPH-
(PEPHUECKUX CTBOJIOBBIX KJIETOK.

3aMEeCTUTEIbHAS TEPAIIU HEOOXO/AHMMA B CJIydae KPOBO-
TEYEHNN WIN HATMYUA PECITUPATOPHBIX CUMIITOMOB. DTa
TEPANN MOXKET OBITH HEOOXOIUMOY IS AITEHTOB Ka-
Teropuu L.

M3BECTHO, YTO CTUMYJIUPYIOIIYIO TEPAITUIO CIIEIYET IIPH-
MEHATb KAK MOKHO PAHBIIE B [EJIAX YBEIMYEHUA KOJIU-
YECTBA U NIPOJOJDKUTEIBLHOCTH JKU3HHU KIIETOK. [lj1a rmariy-
€HTOB KaTeropuu II KpoMe 3aMECTUTENBHON TEPAIIUU
MOKA3aHa U CTUMYJIMPYIONIAA Tepanus. Micxoas 13 OIbl-
T, YIS MAlIMEHTOB Kateropuu III 06a Buia Tepanuu —
3aMECTUTEIBHAS ¥ CTUMY/IHUPYIONIAS — SBJIIIOTCSI HEOO-
XOOUMBIMH.

TpaHCIIaHTAMA HEOOXOIHMA B CIy4asIX, KOIZd CAMOBOC-
CTAHOBJICHHE I'€MOII03934 HEBO3MOXHO. ENMHCTBEHHBINI
LIAHC BBDKUTD I [TALUEHTOB KaTeropuu IV — kierouHas
EPECAAKA JOMOJHUTEIBHO K BBIIIICYKA3aHHBIM CITOCOOAM
JiedeHys. OJTHAKO BEPOATHOCTD JIETAILHOIO UCXO/IA YBE-
JIMYUBACTCA IPYU HAUIMYUH MHOI'OYHCJICHHBIX CEPbE3HBIX
PACCTPOMCTB AEATEIIbHOCTU JIPYIUX OPIrdHOB U CHUCTEM,
COYCTAIONIUXCA C HAPYIIEHUSAMU I'eMOTI0334. B Takux ciry-
JaAx JIEYEHUE IIPUHOCUT JIUIIb BDEMEHHOE OONIETYEHHE U
ABJIAETCA CUMITTOMATUYHBIM (PUCYHOK 5).

BO3BpaTUMCS K TEMOTIO3THYECKOH KITACCUPUKAITAHN TO-
CTPAAABIINX B pe3ynbrare apapun Ha YADC. [TanueH-
ThI OBUIN PACIIPEAEICHBI HA PA3JIMYHbIC KATETOpUU (pU-
CYHOK 6). BOJIBIITMHCTBO MAIMEHTOB PETPOCIICKTUBHO
OTHECEHBI K KATEIOPUH I, ¥ TOJIBKO HEKOTOPBIE — K Ka-
Teropuu IV.

CpaBHI/IBaH PA3MMYIHBIC TEMOITOITUYCCKUC KATCI'OPUH,
O6p2HIElCM BHMMAHNMC HA OILICHOYHbLIC MUHHMAJIbHbBIC 1

FIGURE 5. THERAPEUTIC RECOMMENDATIONS (EXAMPLES FOR THE DIFFERENT CATEGORIES)
PUCYHOK 5. TEPANEBTUYECKIE PEKOMEHZALV (MPUMEPBI AN PASTINYHBIX KATEFOPUI)

Therapeutic Recommendations

TepaneBTUYECKNE PEKOMEHAAUMUN

O Substitution (A) Examples:

O In case of clinical problems such as Category I:
bleeding, respiratory symptoms etc. (A)

O Stimulation (B)

O As early as possible to positively Category Il:
influence extend and duration of low (A)+B
cell counts Category III:
O Transplantation (C) A+B
O If autologous recovery of the Category IV:
hematopoiesis is im possible A+B+C

0 3ameHa (A) Mpumepsl:
O B cnyyae KnMHUYECKUX OCTIOXKHEHWIA, TaKIX Kak Kateropust I:
KPOBOTEYEHIE, PECTINPATOPHBIE CUHAPOMbI U T.1. (A)
O Crumynauna (B) Kareropus I1:
QO Kak MOXHO paHblie, NONOXKUTENbHO BINSS
Ha yBenM4eHne KOnM4ecTsa 1 (A)+B
NPOAOMKUTENBHOCTL XKIN3HI KNETOK Kareropws I1I:
O Tpaucnnautauusa (C) A+B
O Korpa caM0BOCCTaHOBIEHNE reMON033a Kateropus IV:
HEBO3MOXXHO A+B+C

61



Friesecke et al. / International Journal of Radiation Medicine 1999, 1 (1): 55-62

FIGURE 6. DISTRIBUTION OF THE DIFFERENT CATEGORIES AND ESTIMATED MINIMUM AND MAXIMUM INDIVIDUAL DOSE IN EACH CATEGORY
PUCYHOK 6. PACTPELENEHVE PA3NIYHbIX KATEFOPWIA 11 ANAMA30H UHANBUOYANBHBIX 403 B KAXKIOW KATErOPUN
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estimated individual minimum and maximum
dose for each category that is given below. The do-
simetry was mainly done by counting chromoso-
mal aberrations. Concerning the wide dose ranges
for each category and the broad overlapping parts
it should become obvious that in addition to the
conventional dosimetry approach for classifying
"Acute Radiation Syndrome" a clinicaly based clas-
sification system can be quite useful in planning an
appropriate therapy regime after radiation over-
exposure.

Summarizing our work it can be said that it is possi-
ble to develop a reliable classification system to give
early predictions of the patient’s clinical course and
outcome taking granulocyte-, lymphocyte- and
thrombocyte response patterns as an example. This
is based on the pathophysiological differentiation
between reversible and irreversible damage to the
stem cell compartment of the bone marrow. From
the viewpoint of a medical doctor the most impor-
tant question as to whether radiation induced dam-
age to the hematopoietic system is autologous re-
versible or not, can be answered within the first days
after an accident and this is crucial for medical man-
agement with respect to diagnostics, therapy and
logistics.

E Platelets M Granulocytes O Lymphocytes
)
CATEGORY IlI CATEGORY IV
0.7-10.1 Gy 3.6-13.6 Gy

MAaKCHMJIbHBIE UHAWUBUAYAJIbHBIC JO3bI I KAKIOU Ka-
TEropru. JI03UMETPHs], KAK IPABUIO, OCHOBBIBAJIACH HA
UCCIEIOBAHUN XPOMOCOMHBIX a0€ppPAIIHi. YUUTBIBAS
MIUPOKUE TUATTA30HBI /O3 B KAK/ION KATECTOPUH U X 3HA-
YUTEJIbHOE COBITA/ICHUE, CTAHOBUTCI OYEBH/IHBIM, YTO
JUISI IUTAHUPOBAHUSL COOTBETCTBYIOIICTO PEKUMA TEPA-
TIHY [TOCJIE TIEPEOOTYICHUS HAPSITY C TPAAUITMOHHBIM JIO-
3UMETPHUYECKUM MOAXO/IOM JUIST KIacCupuKaruu “OcCt-
POro JIy4EBOIO CUHAPOMA” MOXKET OBbITh BECbMA I10JIE3-
HOM M KJIACCU(PUKAITMOHHASA CUCTEMA, OCHOBAHHAs HA
KJIMHUYECKUX UCCIICTIOBAHUSX.

TaxkuM 06pPa30M, KAK IOKA32JIM UTOI'M HAIIIEH PAOOTHL, Cy-
LIECTBYET BO3MOKHOCTD Pa3pabOTKH HAJIEKHOM KJIACCU-
(PUKAITMOHHOM CUCTEMBI JI PAHHET'O IPOI'HO3d TEYEHUA
U HCXO/1A JIy9E€BOT'O MOPAKEHUSA HA OCHOBE TPAHYJIOIH-
TAPHBIX, TUM(POIIUTAPHBIX U TPOMOOITUTAPHBIX TATTEP-
HOB pearuposanust. OCHOBAHA OHA HA TATO(PU3HOJIOTU-
YECKUX PA3INYHAX MEXK/TY BOCIIOTHUMBIM M HEBOCIIOJIHHU-
MBIM YIIEPOOM YISl KIIETOYHBIX COCTABJISIONINX KOCTHOT'O
Mo3ra. C TOUKHM 3pEHUS BPadd, HAUOOJIEE BAKHBII BOII-
POC — SABJIAETCA JIU yPOH, HAHECEHHBIN OOTy4EHHEM KPO-
BETBOPHOM CUCTEME, CAMOBOCIIOJIHUMBIM WX HeT. Ha
3TOT BOIIPOC MOXKHO OTBETUTD B TEUEHUE MEPBLIX JHEN
OCJIE OOMYYEHUS, YTO ABIAETCA *KU3HEHHO BAKHBIM C
TOYKH 3PEHUA JUATHOCTUKHU, JIEYEHUA U MATEPUAIBHO-
TEXHUYECKOI'O OOCCIICYEHUSL.
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