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As we know from former radiation accidents, the
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

Êàê èçâåñòíî èç ìàòåðèàëîâ î ïðåäûäóùèõ ðàäèàöè-
îííûõ àâàðèÿõ, ïåðâûå äíè ïîñëå îáëó÷åíèÿ âñëåä-
ñòâèå àâàðèéíîé ñèòóàöèè ÿâëÿþòñÿ ðåøàþùèìè â
îïðåäåëåíèè ñòåïåíè ïîðàæåíèÿ îðãàíèçìà. Íà îñíî-
âå èíôîðìàöèè îá ýòîì ïåðèîäå ïðîãíîçèðóþò òå÷å-
íèå áîëåçíè è åå èñõîä. Áîëåå òîãî, ýòî ïðîãíîçèðî-
âàíèå âàæíî äëÿ ïëàíèðîâàíèÿ òåðàïåâòè÷åñêèõ äåé-
ñòâèé è äëÿ ýôôåêòèâíîãî ëå÷åíèÿ.

Äî íàñòîÿùåãî âðåìåíè êëèíè÷åñêèå ðåêîìåíäàöèè
äëÿ ïîñòðàäàâøèõ îò âîçäåéñòâèÿ èîíèçèðóþùèõ èç-
ëó÷åíèé áàçèðîâàëèñü, â îñíîâíîì, íà äàííûõ ôèçè-
÷åñêîé èëè áèîëîãè÷åñêîé äîçèìåòðèè. Ýòî, êîíå÷íî
æå, âàæíî äëÿ îïðåäåëåíèÿ ðèñêà ðàçâèòèÿ îòäàëåí-
íûõ ðàäèàöèîííûõ ýôôåêòîâ, òàêèõ, êàê ðàê è äð. Íî,
îñîçíàâàÿ ðàçëè÷íûå ïðîáëåìû â íåêîòîðûõ ÷ðåçâû-
÷àéíûõ ñèòóàöèÿõ, íàïðèìåð, íåäîñòàòîê èíôîðìà-
öèè î ñëó÷èâøåìñÿ, î ðàâíîìåðíîñòè îáëó÷åíèÿ, ðàç-
ìåðå ïîãëîùåííîé äîçû è ò.ä., ìîæíî óòâåðæäàòü, ÷òî
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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.



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

56

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.

ýòîò äîçèìåòðè÷åñêèé ïîäõîä ÿâëÿåòñÿ íåäîñòàòî÷-
íûì äëÿ îöåíêè îáëó÷åíèÿ â ïåðâûå äíè. Áîëåå òîãî,
èç-çà èíäèâèäóàëüíîé ðåàêöèè íà îáëó÷åíèå ñëîæíî
ñäåëàòü çàêëþ÷åíèå î áèîëîãè÷åñêîì âëèÿíèè íà
îðãàíèçì òîëüêî íà îñíîâàíèè ðåçóëüòàòîâ äîçèìåò-
ðèè. Òàêèì îáðàçîì, ìû ñ÷èòàåì, ÷òî ñ ïîìîùüþ òðà-
äèöèîííîãî äîçèìåòðè÷åñêîãî ïîäõîäà ïðåäñêàçàòü
íà ðàííèõ ñòàäèÿõ àâàðèéíîé ñèòóàöèè ðåàêöèþ íà
îáëó÷åíèå îòäåëüíûõ ïîñòðàäàâøèõ è ïëàíèðîâàòü
òåðàïåâòè÷åñêèé ðåæèì íåâîçìîæíî. Íåîáõîäèìû
áîëåå íàäåæíûå ðàííèå êëèíè÷åñêèå èíäèêàòîðû,
êîòîðûå ïîìîãóò òî÷íî óñòàíîâèòü ñòåïåíü ïîâðåæ-
äåíèÿ îðãàíèçìà è âûáðàòü ñîîòâåòñòâóþùèå ñïîñî-
áû âìåøàòåëüñòâà.

Òàê êàê êðîâåòâîðíàÿ ñèñòåìà íàèáîëåå ðàäèî÷óâ-
ñòâèòåëüíà, òî îíà æå è ìîæåò áûòü ñàìûì ÷óâñòâè-
òåëüíûì èíäèêàòîðîì. Âñëåäñòâèå ñóùåñòâîâàíèÿ
òèïè÷íûõ ïàòòåðíîâ ðåàãèðîâàíèÿ âî âðåìåíè ïîñ-
ëå ÷ðåçìåðíîãî îáëó÷åíèÿ õàðàêòåðèñòèêè ðàçëè÷-
íûõ êëåòîê ïåðèôåðè÷åñêîé êðîâè � ãðàíóëîöèòîâ,
ëèìôîöèòîâ è òðîìáîöèòîâ � ïðèîáðåòàþò áîëü-
øîå çíà÷åíèå. Õîòÿ, íàäî çàìåòèòü, ïîñðåäñòâîì èçó-
÷åíèÿ èçìåíåíèé â äðóãèõ ñèñòåìàõ è îðãàíàõ, òàêèõ,
êàê êîæà èëè öåíòðàëüíàÿ íåðâíàÿ ñèñòåìà, òàêæå
ìîæíî ïîëó÷èòü âàæíóþ èíôîðìàöèþ î ñîñòîÿíèè
ïàöèåíòà. Íî ìû îñòàíîâèìñÿ íà êðîâåòâîðíîé ñèñ-
òåìå.

Ðàçëè÷íûå ïàòòåðíû ðåàãèðîâàíèÿ êëåòî÷íûõ ëèíèé
ñëóæàò îñíîâàíèåì äëÿ îïðåäåëåíèÿ ãëóáèíû ïîâðåæ-
äåíèÿ êîñòíîãî ìîçãà. Îöåíî÷íûé ïîäõîä ïîçâîëÿåò
ðàçðàáîòàòü ãåìàòîëîãè÷åñêóþ êëàññèôèêàöèþ èçìå-
íåíèé êëåòî÷íûõ ëèíèé äëÿ ðàííåãî ïðîãíîçà óùåð-
áà çäîðîâüþ ïàöèåíòà. Â íàøåé ðàáîòå ìû èäåíòèôè-
öèðîâàëè è ðàçäåëÿëè íà êàòåãîðèè ïàòòåðíû ðåà-
ãèðîâàíèÿ ðàçëè÷íûõ êëåòî÷íûõ ëèíèé ãåìîïîýçà.

Äëÿ ðàçðàáîòêè êëàññèôèêàöèè íà îñíîâå èçó÷åíèÿ
êðèâûõ òèïè÷íûõ êëåòî÷íûõ ëèíèé âíà÷àëå áûë ïðî-
èçâåäåí ðåòðîñïåêòèâíûé àíàëèç ïàòòåðíà ðåàãèðî-
âàíèÿ ãðàíóëîöèòîâ, ëèìôîöèòîâ è òðîìáîöèòîâ âî
âðåìåíè ïîñëå îñòðîãî îáëó÷åíèÿ â ðåçóëüòàòå ×åð-
íîáûëüñêîé êàòàñòðîôû â 1986 ã. Âòîðûì øàãîì áûëà
ïàòîôèçèîëîãè÷åñêàÿ èíòåðïðåòàöèÿ ýòèõ ïàòòåð-
íîâ, íà îñíîâàíèè êîòîðîé îïðåäåëÿëè ñòåïåíü ïî-
ðàæåíèÿ êðîâåòâîðíîé ñèñòåìû â ïëàíå åãî îáðàòè-
ìîñòè èëè íåîáðàòèìîñòè.

Íåîáõîäèìûå äëÿ îöåíêè ãåìàòîëîãè÷åñêèå äàííûå
áûëè âçÿòû èç íåäàâíî ðàçðàáîòàííîé ñèñòåìû SEARCH
(System for Evaluation and Archiving of Radiation Accidents
Based on Case Histories � ñèñòåìà îöåíêè è àðõèâèðîâà-
íèÿ ðàäèàöèîííûõ àâàðèé íà îñíîâå èñòîðèé áîëåçíè).
Ýòà áàçà äàííûõ � íîâåéøàÿ ïðååìíèöà ñèñòåìû
MURAD (the Moscow Ulm Radiation Accident Database �
Ìîñêîâñêî-Óëüìñêàÿ áàçà äàííûõ ðàäèàöèîííûõ àâà-
ðèé), ðàçðàáîòàííîé è âíåäðåííîé â ã. Óëüì â 1990 ã. íà-
øèìè êîëëåãàìè ä-ðîì Densow, ïðîô. Áàðàíîâûì, ä-ðîì
Kindler è ïðîô. Fliedner. Â 1994 ã. MURAD áûëà äîïîëíå-
íà áàçîé äàííûõ, â îñíîâíîì ðàçðàáîòàííîé è âíåäðåí-
íîé ä-ðîì Weiss, ïðîô. Áåáåøêî, ä-ðîì Áåëûì, ä-ðîì Ãåð-
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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:

� 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

� 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.

ãåëåì, ã-íîì Wedel è ïðîô. Fliedner. Ñðåäè äðóãèõ ñëó÷à-
åâ íà íàñòîÿùèé ìîìåíò áàçà äàííûõ SEARCH ñîäåðæèò
ñâåäåíèÿ èç èñòîðèé áîëåçíåé 260 ïîñòðàäàâøèõ â ðå-
çóëüòàòå ×åðíîáûëüñêîé êàòàñòðîôû.

Ìèíèìàëüíûìè êðèòåðèÿìè äëÿ íàøåãî ðåòðîñïåê-
òèâíîãî àíàëèçà áûëè:

� îöåíî÷íûé ïåðèîä â 50 äíåé ïîñëå îáëó÷å-
íèÿ;

� íàëè÷èå ïîëíûõ ãåìàòîëîãè÷åñêèõ äàííûõ æåëà-
òåëüíî ñðàçó æå ïîñëå îáëó÷åíèÿ;

� ñõîäñòâî êàê â íèñõîäÿùèõ, òàê è â âîñõîäÿùèõ ÷àñ-
òÿõ ðàçëè÷íûõ ïàòòåðíîâ ðåàãèðîâàíèÿ êëåòî÷íûõ
ëèíèé êðîâåòâîðåíèÿ.

Âûøåóïîìÿíóòûå êðèòåðèè ñîîòâåòñòâóþò êàæäîé
êëåòî÷íîé ëèíèè. Äëÿ ïîñëåäóþùåé êëàññèôèêàöèè
áûëî âûäåëåíî ñëåäóþùåå êîëè÷åñòâî ñëó÷àåâ:

� 143 � äëÿ àíàëèçà ãðàíóëîöèòàðíîãî ïàòòåðíà ðåà-
ãèðîâàíèÿ;

� 114 � äëÿ àíàëèçà ëèìôîöèòàðíîãî ïàòòåðíà ðåà-
ãèðîâàíèÿ;

� 120 � äëÿ àíàëèçà òðîìáîöèòàðíîãî ïàòòåðíà ðåà-
ãèðîâàíèÿ.

Êàê áóäåò ïîêàçàíî äàëåå, ìû ñìîãëè óñòàíîâèòü äëÿ
êàæäîé êðîâåòâîðíîé êëåòî÷íîé ëèíèè � ãðàíóëî-
öèòàðíîé, ëèìôîöèòàðíîé è òðîìáîöèòàðíîé � 4
ðàçëè÷íûõ ïàòòåðíà ðåàãèðîâàíèÿ.

Îñíîâûâàÿñü íà àíàëèçå âûøåóêàçàííîãî ÷èñëà îðè-
ãèíàëüíûõ äàííûõ, ïîêàçàíû òîëüêî ñðåäíèå çíà÷å-
íèÿ ïî êàæäîé êàòåãîðèè ñëåäóþùèõ êðèâûõ ðåàãè-
ðîâàíèÿ êëåòî÷íûõ ëèíèé.

Ãðàíóëîöèòàðíûå ïàòòåðíû ðåàãèðîâàíèÿ ïðåäñòàâ-
ëåíû íà ðèñóíêå 1.

Ëèìôîöèòàðíûå ïàòòåðíû ðåàãèðîâàíèÿ ïðåäñòàâëå-
íû íà ðèñóíêå 2.

Òðîìáîöèòàðíûå ïàòòåðíû ðåàãèðîâàíèÿ ïðåäñòàâ-
ëåíû íà ðèñóíêå 3.

Äëÿ ïîíèìàíèÿ ïàòîôèçèîëîãè÷åñêîé èíòåðïðåòà-
öèè ðàçëè÷íûõ ïàòòåðíîâ ðåàãèðîâàíèÿ ìû èñïîëü-
çîâàëè óïðîùåííóþ ìîäåëü, îòðàæàþùóþ êëåòî÷íîå
âîññòàíîâëåíèå èëè ðàçâèòèå è åå ðàçëè÷íûå ñîñòàâ-
ëÿþùèå: â êîñòíîì ìîçãå ñóùåñòâóþò ïóëû ñòâîëîâûõ
êëåòîê è êëåòîê-ïðåäøåñòâåííèêîâ, òîãäà êàê çðåëûå
èëè ñîçðåâàþùèå êëåòêè â îñíîâíîì íàõîäÿòñÿ â ïå-
ðèôåðè÷åñêîé êðîâè. Ïðîöåññû íà ðàçëè÷íûõ ñòàäè-
ÿõ ðàçâèòèÿ õîðîøî èçâåñòíû è èçëîæåíû â íàó÷íîé
ëèòåðàòóðå. Äîïîëíèòåëüíî ìîæíî îòìåòèòü, ÷òî ñó-
ùåñòâóåò ñâÿçü ìåæäó ñîçðåâàíèåì è ñíèæåíèåì ðà-
äèî÷óâñòâèòåëüíîñòè êëåòîê. Ëþáîå ïîâðåæäåíèå â
ðàçëè÷íûõ ñîñòàâëÿþùèõ ïðèâåäåò ê òèïè÷íûì ïàò-
òåðíàì ðåàãèðîâàíèÿ â ðåçóëüòèðóþùèõ êðèâûõ êëå-
òî÷íûõ ëèíèé.



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

58

FIGURE 1. GRANULOCYTE RESPONSE PATTERNS PRESENTED GRAPHICALLY BY THE MEAN VALUE FOR EACH CATEGORY

ÐÈÑÓÍÎÊ 1. ÃÐÀÍÓËÎÖÈÒÀÐÍÛÉ ÏÀÒÒÅÐÍ ÐÅÀÃÈÐÎÂÀÍÈß (ÃÐÀÔÈ×ÅÑÊÈ ÏÐÅÄÑÒÀÂËÅÍ ÎÑÍÎÂÍÛÌÈ ÏÎÊÀÇÀÒÅËßÌÈ
ÄËß ÊÀÆÄÎÉ ÊÀÒÅÃÎÐÈÈ)

Category I: On average the cell counts will remain between 2 and 4.5�109 L�1

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 9 L�1 around day 20.
Signs of increasing cell counts became obvious usually not before
day 30-35.

Category III: An abortive rise can also be seen around day 4, but afterwards
cell counts drop to levels below 1�109 L�1 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 II or III. Then the cell counts drop reaching values below 0.5�109 L�1

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.

Êàòåãîðèÿ I: â ñðåäíåì êîëè÷åñòâî êëåòîê îñòàåòñÿ ðàâíûì 2�4,5�109 ë�1.

Êàòåãîðèÿ II: ãðàíóëîöèòîç ïîÿâëÿåòñÿ â òå÷åíèå íåñêîëüêèõ ÷àñîâ êàê ðå-
çóëüòàò âûñâîáîæäåíèÿ èç êîñòíîãî ìîçãà âñëåäñòâèå âîñïàëåíèÿ. Ïîñëå
4 äíåé êîëè÷åñòâî êëåòîê ñîêðàùàåòñÿ, ìåäëåííî äîñòèãàÿ ê 20-ìó äíþ ìè-
íèìàëüíîãî óðîâíÿ íèæå 1�109 ë�1. Ïðèçíàêè óâåëè÷åíèÿ êîëè÷åñòâà êëåòîê
ñòàíîâÿòñÿ î÷åâèäíûìè îáû÷íî, íå äîñòèãàÿ 30-35-ãî äíÿ.

Êàòåãîðèÿ III: àáîðòèâíûé ðîñò òàêæå ìîæåò áûòü âèäåí ê 4-ìó äíþ, íî çàòåì ê
10-ìó äíþ êîëè÷åñòâî êëåòîê ñîêðàùàåòñÿ äî óðîâíÿ íèæå 1�109 ë�1. Ïðèçíà-
êè óâåëè÷åíèÿ êîëè÷åñòâà êëåòîê ñòàíîâÿòñÿ î÷åâèäíûìè ê 30-35-ìó äíþ.

Êàòåãîðèÿ IV: àáîðòèâíûé ðîñò ìîæåò áûòü âèäåí êî 2-ìó äíþ, ò. å. íå-
ìíîãèì ðàíåå, ÷åì â êàòåãîðèè II èëè III. Çàòåì êîëè÷åñòâî êëåòîê äîñòè-
ãàåò 0,5�109 ë�1 ìåæäó 7 è 10-ì äíåì. Äèñêðåòíîå óâåëè÷åíèå êîëè÷åñòâà
êëåòîê âèäíî ê 40-ìó äíþ, íî îíî íå ÿâëÿåòñÿ ñòàáèëüíûì.

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;

� 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

Ñóììèðóÿ ðåçóëüòàòû ïîñëå ïàòîôèçèîëîãè÷åñêîãî
ðàññìîòðåíèÿ, ìîæíî ñêàçàòü, ÷òî êëàññèôèêàöèîí-
íûå ðàçëè÷èÿ â âûøåîïèñàííûõ êðèâûõ âûçâàíû â
îñíîâíîì ðàçëè÷èÿìè â êðèâûõ ðåàêöèé êëåòî÷íûõ
ëèíèé âî âðåìåíè îòíîñèòåëüíî:

� ïðîäîëæèòåëüíîñòè è ïàòòåðíà íèñõîäÿùåé ÷àñòè
êðèâîé;

� ïðîäîëæèòåëüíîñòè íèçøåé òî÷êè;

� ïàòòåðíà âîñõîäÿùåé ÷àñòè êðèâîé;

� àáñîëþòíîãî êîëè÷åñòâà êëåòîê äëÿ êàæäîé êàòåãîðèè.

Ñëåäîâàòåëüíî, êëåòî÷íàÿ ðåàêöèÿ íà âîçäåéñòâèå
èîíèçèðóþùèõ èçëó÷åíèé îïðåäåëÿåòñÿ íå òîëüêî

DAYS AFTER EXPOSURE
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FIGURE 2. LYMPHOCYTE RESPONSE PATTERNS PRESENTED GRAPHICALLY BY THE MEAN VALUE FOR EACH CATEGORY

ÐÈÑÓÍÎÊ 2. ËÈÌÔÎÖÈÒÀÐÍÛÉ ÏÀÒÒÅÐÍ ÐÅÀÃÈÐÎÂÀÍÈß (ÃÐÀÔÈ×ÅÑÊÈ ÏÐÅÄÑÒÀÂËÅÍ ÎÑÍÎÂÍÛÌÈ ÏÎÊÀÇÀÒÅËßÌÈ
ÄËß ÊÀÆÄÎÉ ÊÀÒÅÃÎÐÈÈ)

Category I: On average the cell counts will remain between 1.5 and 2.5�109 L�1

Category II: On average the cell counts will be between 0.5 and 1.5�109 L�1

Category III: On average in the course of time the cell counts will be between
0.25�109 L�1 and 1.0�109  L�1

Category IV: On average the cell counts will be between 0.1�109 L�1 and 0.25�109 L�1

Êàòåãîðèÿ I: ñðåäíåå êîëè÷åñòâî êëåòîê îñòàåòñÿ ðàâíûì 1,5�2,5�109 ë�1.

Êàòåãîðèÿ II: ñðåäíåå êîëè÷åñòâî êëåòîê � 0,5�1,5�109 ë�1

Êàòåãîðèÿ III: â ñðåäíåì, êîëè÷åñòâî êëåòîê êîëåáëåòñÿ ìåæäó 0,25 è
1�109 ë�1.

Êàòåãîðèÿ IV: ñðåäíåå êîëè÷åñòâî êëåòîê � 0,1�0,25�109 ë�1.

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 II 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-
gous restitution 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.

êîëè÷åñòâåííûìè ïîêàçàòåëÿìè ñòâîëîâûõ êëåòîê, íî
è èõ êà÷åñòâåííûìè õàðàêòåðèñòèêàìè.

Èç ïðåäñòàâëåííûõ êðèâûõ êëåòî÷íûõ ëèíèé è ïàòî-
ôèçèîëîãè÷åñêîé èíòåðïðåòàöèè ìîæíî óñòàíîâèòü
ñëåäóþùóþ îáùóþ êëèíè÷åñêóþ êëàññèôèêàöèîí-
íóþ ñèñòåìó (ðèñóíîê 4):

Êàòåãîðèÿ I: îïèñûâàåò íåáîëüøîå óõóäøåíèå ñîñòîÿ-
íèÿ êðîâåòâîðíîé ñèñòåìû, ãäå îïðåäåëåííî ñóùå-
ñòâóåò ñîáñòâåííîå âîññòàíîâëåíèå.

Êàòåãîðèÿ II: ïîâðåæäåíèå êðîâåòâîðåíèÿ ñðåäíåå.
Ïðè ýòîì ñîáñòâåííîå âîññòàíîâëåíèå âñå åùå âåñü-
ìà âåðîÿòíî.

Êàòåãîðèÿ ²²²: ñåðüåçíûå ïîâðåæäåíèÿ êðîâåòâîðå-
íèÿ. Äàæå â ýòîé êàòåãîðèè  âîçìîæíî ñîáñòâåííîå
âîññòàíîâëåíèå êðîâåòâîðíîé ñèñòåìû.

Êàòåãîðèè IV: ïîâðåæäåíèå êðîâåòâîðíîé ñèñòåìû
ãèáåëüíîå èëè êðàéíå ñåðüåçíîå. Ñîáñòâåííîå âîññòà-
íîâëåíèå êðîâåòâîðåíèÿ íåâîçìîæíî.

DAYS AFTER EXPOSURE
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FIGURE 3. THROMBOCYTE RESPONSE PATTERNS; PRESENTED GRAPHICALLY BY THE MEAN VALUE FOR EACH CATEGORY

ÐÈÑÓÍÎÊ 3. ÒÐÎÌÁÎÖÈÒÍÀß ÌÎÄÅËÜ ÐÅÀÃÈÐÎÂÀÍÈß (ÃÐÀÔÈ×ÅÑÊÈ ÏÐÅÄÑÒÀÂËÅÍÀ ÎÑÍÎÂÍÛÌÈ ÏÎÊÀÇÀÒÅËßÌÈ
ÄËß ÊÀÆÄÎÉ ÊÀÒÅÃÎÐÈÈ)

Category I: On average the cell counts will not drop below the lower border of
the normal range (150�109 L�1).

Category II: Cell counts will be above the lower border of normal range (150�109 L�1)
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 III: 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.

Êàòåãîðèÿ I: ñðåäíåå êîëè÷åñòâî êëåòîê íå ìåíüøå íèæíåé ãðàíèöû íîðìû
(150�109 ë�1).

Êàòåãîðèÿ II: ÷èñëî êëåòîê âûøå íèæíåé ãðàíèöû íîðìû (150�109 ë�1) íà
ïðîòÿæåíèè 10�15 äíåé. Çàòåì, ê 20�24-ìó äíþ íèñõîäÿùàÿ ÷àñòü êðè-
âîé äîñòèãàåò ñâîåé íèçøåé òî÷êè. Ïåðâûå ïðèçíàêè âîññòàíîâëåíèÿ
íàáëþäàþòñÿ ìåæäó 30 è 34-ì äíåì.

Êàòåãîðèÿ III: ÷èñëî êëåòîê âûøå íèæíåãî ïðåäåëà íîðìû íà ïðîòÿæå-
íèè 5-10 äíåé. Ïîñëå ïàäåíèÿ êðèâîé, íèçøàÿ òî÷êà äîñòèãàåòñÿ ê 16�
17-ìó äíþ. Ðîñò êðèâîé íà÷èíàåòñÿ íå ðàíåå 34�38-ãî äíÿ.

Êàòåãîðèÿ IV: ÷èñëî êëåòîê ñíèæàåòñÿ ïðàêòè÷åñêè ëèíåéíî, äîñòèãàÿ
íèçøåé òî÷êè ê 10-ìó äíþ.

DAYS AFTER EXPOSURE

FIGURE 4. CLASSIFICATION SYSTEM OF HEMATOPOIESIS RADIATION DAMAGE

ÐÈÑÓÍÎÊ 4. ÊËÀÑÑÈÔÈÊÀÖÈÎÍÍÀß ÑÈÑÒÅÌÀ ÐÀÄÈÀÖÈÎÍÍÎÃÎ ÏÎÐÀÆÅÍÈß ÊÐÎÂÅÒÂÎÐÅÍÈß

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

Îñíîâûâàÿñü íà ýòîé ïàòîôèçèîëîãè÷åñêîé êëàññè-
ôèêàöèîííîé ñèñòåìå ìîæíî ñôîðìóëèðîâàòü òåðà-
ïåâòè÷åñêèå ðåêîìåíäàöèè. Êðîìå òàêèõ ìåòîäîâ ëå-
÷åíèÿ, êàê íåîáõîäèìûå àíòèáèîòèêè èëè èíôóçèè
ýëåêòðîëèòîâ, ñóùåñòâóþò òðè âàæíûõ ãðóïïû òåðà-
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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 GF, for example cytok-
ines such as GCSF, GMCSF, thrombopoietin etc.;

� 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-
ry symptoms. In patients classified Category I most likely
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

ïåâòè÷åñêèõ ìåðîïðèÿòèé, êàñàþùèõñÿ âîçäåéñòâèÿ
íà ñèñòåìó êðîâåòâîðíûõ êëåòîê:

� çàìåñòèòåëüíàÿ òåðàïèÿ, íàïðèìåð, ñ ïîëíûì ïåðå-
ëèâàíèåì êðîâè èëè îòäåëüíûõ êëåòî÷íûõ êîíöåíò-
ðàòîâ;

� ñòèìóëèðóþùàÿ òåðàïèÿ ñ ôàêòîðàìè ðîñòà, íàïðèìåð,
öèòîêèíàìè (GCSF, GMCSF, òðîìáîöèòîïîýòèí è äð.);

� òðàíñïëàíòàöèîííàÿ òåðàïèÿ: â ñëó÷àå ðàäèàöèîí-
íûõ àâàðèé íàèáîëåå âåðîÿòíà òðàíñïëàíòàöèÿ ïåðè-
ôåðè÷åñêèõ ñòâîëîâûõ êëåòîê.

Çàìåñòèòåëüíàÿ òåðàïèÿ íåîáõîäèìà â ñëó÷àå êðîâî-
òå÷åíèé èëè íàëè÷èÿ ðåñïèðàòîðíûõ ñèìïòîìîâ. Ýòà
òåðàïèÿ ìîæåò áûòü íåîáõîäèìîé äëÿ ïàöèåíòîâ êà-
òåãîðèè I.

Èçâåñòíî, ÷òî ñòèìóëèðóþùóþ òåðàïèþ ñëåäóåò ïðè-
ìåíÿòü êàê ìîæíî ðàíüøå â öåëÿõ óâåëè÷åíèÿ êîëè-
÷åñòâà è ïðîäîëæèòåëüíîñòè æèçíè êëåòîê. Äëÿ ïàöè-
åíòîâ êàòåãîðèè II êðîìå çàìåñòèòåëüíîé òåðàïèè
ïîêàçàíà è ñòèìóëèðóþùàÿ òåðàïèÿ. Èñõîäÿ èç îïû-
òà, äëÿ ïàöèåíòîâ êàòåãîðèè III îáà âèäà òåðàïèè �
çàìåñòèòåëüíàÿ è ñòèìóëèðóþùàÿ � ÿâëÿþòñÿ íåîá-
õîäèìûìè.

Òðàíñïëàíòàöèÿ íåîáõîäèìà â ñëó÷àÿõ, êîãäà ñàìîâîñ-
ñòàíîâëåíèå ãåìîïîýçà íåâîçìîæíî. Åäèíñòâåííûé
øàíñ âûæèòü äëÿ ïàöèåíòîâ êàòåãîðèè IV � êëåòî÷íàÿ
ïåðåñàäêà äîïîëíèòåëüíî ê âûøåóêàçàííûì ñïîñîáàì
ëå÷åíèÿ. Îäíàêî âåðîÿòíîñòü ëåòàëüíîãî èñõîäà óâå-
ëè÷èâàåòñÿ ïðè íàëè÷èè ìíîãî÷èñëåííûõ ñåðüåçíûõ
ðàññòðîéñòâ äåÿòåëüíîñòè äðóãèõ îðãàíîâ è ñèñòåì,
ñî÷åòàþùèõñÿ ñ íàðóøåíèÿìè ãåìîïîýçà. Â òàêèõ ñëó-
÷àÿõ ëå÷åíèå ïðèíîñèò ëèøü âðåìåííîå îáëåã÷åíèå è
ÿâëÿåòñÿ ñèìïòîìàòè÷íûì (ðèñóíîê 5).

Âîçâðàòèìñÿ ê ãåìîïîýòè÷åñêîé êëàññèôèêàöèè ïî-
ñòðàäàâøèõ â ðåçóëüòàòå àâàðèè íà ×ÀÝÑ. Ïàöèåí-
òû áûëè ðàñïðåäåëåíû íà ðàçëè÷íûå êàòåãîðèè (ðè-
ñóíîê 6). Áîëüøèíñòâî ïàöèåíòîâ ðåòðîñïåêòèâíî
îòíåñåíû ê êàòåãîðèè I, è òîëüêî íåêîòîðûå � ê êà-
òåãîðèè IV.

Ñðàâíèâàÿ ðàçëè÷íûå ãåìîïîýòè÷åñêèå êàòåãîðèè,
îáðàùàåì âíèìàíèå íà îöåíî÷íûå ìèíèìàëüíûå è

FIGURE 5. THERAPEUTIC RECOMMENDATIONS (EXAMPLES FOR THE DIFFERENT CATEGORIES)

ÐÈÑÓÍÎÊ 5. ÒÅÐÀÏÅÂÒÈ×ÅÑÊÈÅ ÐÅÊÎÌÅÍÄÀÖÈÈ (ÏÐÈÌÅÐÛ ÄËß ÐÀÇËÈ×ÍÛÕ ÊÀÒÅÃÎÐÈÉ)
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FIGURE 6. DISTRIBUTION OF THE DIFFERENT CATEGORIES AND ESTIMATED MINIMUM AND MAXIMUM INDIVIDUAL DOSE IN EACH CATEGORY

ÐÈÑÓÍÎÊ 6. ÐÀÑÏÐÅÄÅËÅÍÈÅ ÐÀÇËÈ×ÍÛÕ ÊÀÒÅÃÎÐÈÉ È ÄÈÀÏÀÇÎÍ ÈÍÄÈÂÈÄÓÀËÜÍÛÕ ÄÎÇ Â ÊÀÆÄÎÉ ÊÀÒÅÃÎÐÈÈ

ìàêñèìàëüíûå èíäèâèäóàëüíûå äîçû äëÿ êàæäîé êà-
òåãîðèè. Äîçèìåòðèÿ, êàê ïðàâèëî, îñíîâûâàëàñü íà
èññëåäîâàíèè õðîìîñîìíûõ àáåððàöèé. Ó÷èòûâàÿ
øèðîêèå äèàïàçîíû äîç â êàæäîé êàòåãîðèè è èõ çíà-
÷èòåëüíîå ñîâïàäåíèå, ñòàíîâèòñÿ î÷åâèäíûì, ÷òî
äëÿ ïëàíèðîâàíèÿ ñîîòâåòñòâóþùåãî ðåæèìà òåðà-
ïèè ïîñëå ïåðåîáëó÷åíèÿ íàðÿäó ñ òðàäèöèîííûì äî-
çèìåòðè÷åñêèì ïîäõîäîì äëÿ êëàññèôèêàöèè �Îñò-
ðîãî ëó÷åâîãî ñèíäðîìà� ìîæåò áûòü âåñüìà ïîëåç-
íîé è êëàññèôèêàöèîííàÿ ñèñòåìà, îñíîâàííàÿ íà
êëèíè÷åñêèõ èññëåäîâàíèÿõ.

Òàêèì îáðàçîì, êàê ïîêàçàëè èòîãè íàøåé ðàáîòû, ñó-
ùåñòâóåò âîçìîæíîñòü ðàçðàáîòêè íàäåæíîé êëàññè-
ôèêàöèîííîé ñèñòåìû äëÿ ðàííåãî ïðîãíîçà òå÷åíèÿ
è èñõîäà ëó÷åâîãî ïîðàæåíèÿ íà îñíîâå ãðàíóëîöè-
òàðíûõ, ëèìôîöèòàðíûõ è òðîìáîöèòàðíûõ ïàòòåð-
íîâ ðåàãèðîâàíèÿ. Îñíîâàíà îíà íà ïàòîôèçèîëîãè-
÷åñêèõ ðàçëè÷èÿõ ìåæäó âîñïîëíèìûì è íåâîñïîëíè-
ìûì óùåðáîì äëÿ êëåòî÷íûõ ñîñòàâëÿþùèõ êîñòíîãî
ìîçãà. Ñ òî÷êè çðåíèÿ âðà÷à, íàèáîëåå âàæíûé âîï-
ðîñ � ÿâëÿåòñÿ ëè óðîí, íàíåñåííûé îáëó÷åíèåì êðî-
âåòâîðíîé ñèñòåìå, ñàìîâîñïîëíèìûì èëè íåò. Íà
ýòîò âîïðîñ ìîæíî îòâåòèòü â òå÷åíèå ïåðâûõ äíåé
ïîñëå îáëó÷åíèÿ, ÷òî ÿâëÿåòñÿ æèçíåííî âàæíûì ñ
òî÷êè çðåíèÿ äèàãíîñòèêè, ëå÷åíèÿ è ìàòåðèàëüíî-
òåõíè÷åñêîãî îáåñïå÷åíèÿ.

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.

CATEGORY I
0.1�1.25 Gy

CATEGORY II
0.7�5.8 Gy

CATEGORY IV
3.6�13.6 Gy

CATEGORY III
0.7�10.1 Gy


