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Abstract

The object of this study was psychophysiological characterisation of liquidators at the remote period of irradia-
tion with assessment of the influence of exposure to ionising radiation, psychoemotional stress, physical disease
and traditional risk factors. Seventy Chernobyl accident survivors, who had acute radiation sickness (ARS), 80
liquidators of 1986—1987 and the controls (15 healthy volunteers, 15 patients with cerebrovascular pathology,
and 20 veterans with PTSD) were examined with clinical neuropsychiatric and psychometric methods, Brain
Mapping of EEG and visual evoked potentials. Sensoric-algetic, autonomic, vestibular-ataxic and epileptic syn-
dromes, mild pyramidal and extrapyramidal insufficiency are the neurological signs of encephalopathy at the
remote period of irradiation. The apathetic-abulic endoformous brain organic syndrome prevails in liquidators
irradiated at the doses 0.3—0.5 Gy and more while cerebrasthenic syndrome or cerebrasthenic and dysthymic
variants of brain organic syndrome predominate at less 0.3 Gy. The EEG-patterns of irradiated patients distin-
guished significantly from the control groups. The EEG-patterns with interhemispheric asymmetry, particularly
with lateralisation of abnormal activity towards the left brain hemisphere predominated. The characteristic EEG-
pattern for the irradiated patients: a simultaneous increase of A-(1—-4 Hz) and B-(>12—-32 Hz)-power shifted to
the left fronto-temporal region, a decrease of 6-(>4—7 Hz) and a-(>7-12 Hz)-power. The force of influence of
the irradiation dose on the characteristic EEG-pattern is up 48%, the duration of work at the exclusion zone —
up 22%, the age — up 25%, psychological stress influenced in an opposite way (up 21%), cerebrovascular pathol-
ogy up 30%, comorbidity of physical diseases does not influence significantly. The characteristic psychophysio-
logical pattern of the ARS-patients and liquidators of 1986—1987 should be considered as the deterministic ef-
fect of ionising radiation.

Keywords: computerised EEG, ionising radiation, Chernobyl accident, acute radiation sickness, liquidators, psy-
chophysiology, neuropsychiatry, radiation deterministic effect.

INTRODUCTION

Ionising radiation influences central nervous system
(CNS) functions and behaviour as a result of both
direct effect on the nervous system and indirectly
through CNS reactivity on the radiation damage of
other systems (Kimeldorf D.J., Hunt E.L, 1965; Mick-
ley GAA, 1987).

Total irradiation at significantly smaller doses of
0.01 Gy canirritate CNS, confirmed by registration
of bioelectrical brain activity changes. These
changes in CNS were primary relative to vascular
and other disturbances provoked by exposure to
ionising radiation (Livanov M.N., 1962). The
changes of brain biopotentials were found direct-
ly at the time of irradiation with dose rate of
0.13 mGyes~' which formed the total absorbed
dose of 0.5 mGy only. The dose—effect relationship
isdescribed by a “S-shaped” curve (Grigoriev Yu.G.,,
1963). The direct activating effect of ionising ra-
diation on endogenous (pacemaker) generation of

BBEJIEHHUE

HMoHU3upyonye U3aydeHus BIUAIOT HA (DYyHKIITMOHAIb-
HOE€ COCTOSHME LIEHTPAIbHOM HEPBHOI cucTembl (LJTHC)
U ITOBEICHUE B PE3YJIBTATE KAK IIPAMOT'O BO3IEUCTBUA HA
HEPBHYIO CUCTEMY, TAK 1 KOCBEHHOTO, 34 CYET PEAKIIUN
ITHC Ha 1y4€BOE HOBPEKIAECHUE IPYIUX CUCTEM OPIdHU3-
ma (Kimeldorf D.J,, Hunt EL, 1965; Mickley G.A,, 1987).

Oo611ee 06JIy4EHHE B JI03aX 3HAYUTE/ILHO MeHbIe 0,01 I'p
MOXKET IEHMCTBOBATD KAK pasapaxurens LIHC, aro mogrsep-
SKIAIOCh PETUCTPALIMEN N3MEHEHUI OHOIICKTPHUYCCKON
AKTUBHOCTU I'OJIOBHOT'O MO3ra. DTH n3MeHeHus B LIHC sB-
JISTUCB IIEPBUYHBIMU IO OTHOIIEHHIO K COCYUCTBIM U JIPY-
T'MM HAPYIIEHUAM, BBIZbIBAEMBIM OOJlydyeHUueM (JIuba-
HOB M.H, 1962). CymmapHast 1034, TIPU KOTOPOK OGHAPYKH-
BTN U3MEHEHIISI OHOTTOTEHITHAJIOB MO3I'A HETTOCPEICTBEHHO
BO BpEMsI OOJIyYEHMSI TTPU MOITHOCTU JJ03bI 0,13 MI'pec,
cocrasysuia Beero 0,5 MIp. 3aBUCUMOCTb 3((HEKTA OT BEIU-
YUHBI JIO3bI OOJTYYEHMST OITUCHIBACTCS S-OOPA3HOI KPUBOI
(Tpuropses FO.I, 1963). YCTAHOBICHO HEITOCPEICTBCHHOE
AKTUBUPYIOIIEE BIMAHUE NOHUZUPYIOIIETO U3YYEHUS B
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nervous impulses in the hippocampus was regis-
tered at doses of 6—8 mGy (Peymer S.I et al., 1985;
Dudkin A.O., 1987).

Changes in electrical activity of the human brain
are related to the absorbed dose of irradiation.
They occur at thresholds of 0.3 to 1 Gy and can
persist for the remote period after acute radiation
sickness (ARS). Conventional and quantitative
electroencephalography (EEG) can be used as a
method for evaluation of the mean dose absorbed
at the remote period of total irradiation (Dufour R,
Court L., 1975; Court L., 1979; Gourmelon P,
Court L., 1985).

Radiosensitivity of electrical brain activity is similar
to radiosensitivity of experimental behavioural re-
actions. The hippocampus (paleocortex), as the
“heart of limbic system”, is given increasing consid-
eration for an explanation of the neurophysiologi-
cal effects of irradiation (Davydov B.L, Ushakov LB,
1987; Ushakov LB. et al., 1998).

Behavioural disorders were observed following to-
tal irradiation at doses of 0.05-0.15 Gy (Miyachi Y,
Yamada T., 1994) and 0.3 Gy (Kimeldorf D.J.,
Hunt E.L, 1965; Mickley G.A,, 1987).

In spite of the fact that mature CNS is commonly
considered to be extremely radioresistant, evi-
dence is dramatically increasing in support of the
exceptional radiosensitivity of the brain. Experi-
mental studies of the monkey brains at the remote
period of total irradiation at doses of 0.7-1.5 Gy
revealed clear signs of brain organic damage ac-
cording to SPET, PET and EEG brain mapping data
(Zubovsky G.A. et al,, 1991; Meshkov N.A. et al,,
1993). Neuronal dystrophic and degenerative
changes were observed at the cortex, especially in
frontal, parietal and temporal lobes, hippocampus,
nuclei caudatus and lentiformis (Kholodova N.B.
etal, 1996)

Our studies of the medical aftermath of the Cher-
nobyl accident also support the concept of CNS high
radiosensitivity, taking into account the polyetiolo-
gical character of neuropsychiatric disorders among
survivors (Nyagu AL et al, 1991-1999; Loganov-
sky KN, Nyagu Al 1995; Loganovsky KN,, 1991,1999;
Napreyenko A.K., Loganovsky K.N., 19921995,
1997). Similar results were obtained by researchers
from the Institute of Neurophysiology and Highest
Nervous Activity of the Russian Academy of Scien-
ces (Zhavoronkova LA.etal., 1994,1995). However,
up to now a number of authors have called into
question both CNS high radiosensitivity as a whole
and the significance of ionising radiation effects for
neuropsychiatric disorders and development of psy-
chophysiological disturbances in the Chernobyl ac-
cident survivors, even among liquidators and those
who had radiation sickness (Guskova AK. et al,
1995,1997; Alexandrovsky Yu.A., 1998).

J103ax 6—8 MI'p Ha SHJOTCHHBII (TTEHCMEKEPHBIN) MeXa-
HU3M I'€HEPALUN HEPBHBIX UMIYILCOB B T'UIIIIOKAMIIE
(Ietimep CH. 11 coasr, 1985; Nyaxun A.O., 1987).

M3MEHEHUS JIEKTPUUYECKON AKTUBHOCTH I'OJIOBHOT'O
MO3T'a YETOBEKA 3aBUCAT OT BEJIMYHHBI JJO3bI OOJIy4EHUS
cnoporoM apdekra 0,3—1 I'p 1 COXPAHSIOTCS B OTJAJICH-
HBI IIEPUOJ] ITOCJIE TIEPEHECEHHOM OCTPOH JIy4EBOH 60-
se3Hu (OJIB). ITpu 9TOM 6BUIO CIETIAHO 3AKIIOUEHHE O
BO3MOKHOCTH UCHOJIb30BAHUA APAMETPOB KOJIMYE-
CTBEHHOM 271eKTpOo3HLeanorpadpun (ODI) B KauecTse
OUOJIOIUYECKON JJO3UMETPUH B OTJAJICHHBIN IIEPHUO/]]
nocie obaydenus (Dufour R, Court L, 1975; Court L,
1979; Gourmelon P, Court L., 1985).

PaiiO9yBCTBUTEIBHOCTD OUOAJIEKTPUYECKON AKTHUBHOC-
TH FOJIOBHOTI'O MO3I'd CPABHHMA C PAMOYYBCTBUTEIBHOC-
TBIO TTOBEJICHYECCKUX PEAKIIUI B KCIIEPUMEHTE. [Hro-
KaMIly (ITaJIEOKOPTEKCY) — “CepiiLly ITMMOHMYECKON CUCTE-
MbI” — IIPHAAIOT BCE OOIBIIIEE 3HAYECHNE B BOSHUKHOBECHUU
HENPODUNOIOTMIECKUX ABJIEHUI ITOC/IE OOTydeHus ([1a-
BbIJIOB B, VimakoB .5, 1987; Viitakos B.M. 1 coaBt, 1998).

IToBeieHUECKHUE HAPYIIEHW HAOIIOAAJIN IIOCJIE OOIyYe-
HuA B 703ax 0,05-0,15 I'p (Miyachi Y., Yamada T., 1994)
u 0,3 T'p (Kimeldorf D.J., Hunt E.L, 1965; Mickley G.A,,
1987).

Hecmotps Ha 1O, 9To ITHC B3pOCIBIX OOBIMHO PACCMATPU-
BACTCS KAK PAZIMOPE3UCTCHTHAS, BCE BO3PACTAOIICE KOJH-
YECTBOIAHHBIX CBH/ICTEIILCTBYET O BBICOKOK Pa/IMOYyBCTBH-
TEILHOCTU TOJIOBHOT'O MO3I'd. [ IpH 3KCIIEPUMEHTAIBHBIX HC-
CJIEI0BAHMSIX MO3I'A IO JIAHHBIM KAPTHPOBAHUS METAO0ITH3-
Ma, PErHOHAJBHOI'O KPOBOTOKA M 3JIEKTPOIrcHE3a
0OJIy4eHHBIX 00€3bsIH B 103aX 0,7—1,5 I'p B OTJaJICHHBII I1e-
PO/ BBISIBWIN YETKUE IPHU3HAKH OPTraHIYECKOI'O MTOPAXKE-
HUA Mo3ra (3yooBckuit I'A. u coasr, 1991; Memkos HA. u
COaBT,, 1993). [Ipu r'iCTOIOIMYECKUX UCCIIEAOBAHUAX MO3-
I'a 9TUX OOE3bsTH OOHAPYKIIIN TUCTPO(PUUECKH-JICCTPYKTHB-
HBIC UI3MCHEHUS B HEUPOHAX KOPbI, OCOOCHHO JIOOHOH, TE-
MEHHOU ¥ BUCOYHOM JOJICH, TUTIIIOKAMIIA, XBOCTATOI'O U Ye-
YEBUITCO06PA3HOTO syiep (Xomoaosa H.B. 1 coasr, 1996).

Hamuy uccine1oBaHus MEAUIIMHCKUX TOCJIEACTBUI Yep-
HOOBIIBCKON KATACTPOMBI TAKKE TTOJTBEPKIAAIOT KOH-
LICTIUIO BBICOKOM paguo4vyBCTBUTEIbHOCTU ITHC C yue-
TOM TTOJIUITUOJIOTUIHOCTU HEPBHO-TICUXUYECKUX PAC-
CTPOMCTB y noctpaaasmux (Hary AW n coast,, 1991—
1999; JToranosckuit K.H., Hsary A.W., 1995; JloraHos-
cxkurt KH., 1991, 1999; Hammpeenko A K., JlJoranoBckit KH.,
1992, 1995, 1997). AHAJIOTUYHBIE PEIYIBTATHI ITOIyYE-
HBbI UCCJIEA0BATEISIMU MTHCTUTYTA HEHPO(MU3HUOIOT NN U
BbICIIEN HEPBHOM AeaTenbHOCTU PAH (JKaBopoHKO-
Ba JLA. 11 coaBT, 1994, 1995). OfHAKO /10 CUX HOP P/
4ABTOPOB IOABEPIaIOT COMHEHHUIO KAK BBICOKYIO PaJIHO-
4yBCTBUTENBHOCTD ITHC B 11€10M, TAK U 3HAYCHUE 3(P-
(PEKTOB MOHUBUPYIOIUX U3IYYEHUN B PA3BUTHH HE-
PBHO-TICUXUYECKHUX PACCTPOUCTB U ICUXO(PUZUOTIOTU-
YECKUX OTKIOHEHUHN Y IIOCTPAAABIINX BCICACTBHE Yep-
HOOBUIBCKON aBAPHH, BKJIIOYAST IUKBUIATOPOB U JIUL],
nepenecmux OJIB (IycproBa AK. 1 coasT., 1995, 1997;
AnexcangpoBckui FO.A., 1998).
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The object of this study was psychophysiological
characterisation of liquidators (including persons
who had ARS) at the remote period of irradiation
with assessment of the influence of exposure to
ionising radiation, psychoemotional stress, physi-
cal disease and traditional risk factors.

SUBJECTS AND METHODS

Group I — 70 men diagnosed in 1986 with ARS.
Their age at the time of exposure was 24—62 years
(average age (M*m) 35.1+1.7 years). Retrospec-
tive clinical and karyological analysis allowed ve-
rification of the diagnosis. The typical bone mar-
row form of ARS has been revealed in 50 patients.
Accordingly this group was divided into three sub-
groups: ARS—0 — 20 patients with no confirmed
ARS (average absorbed dose of relatively even
y- and B-irradiation 0.58+0.17 Gy; ARS—1 — 30 pa-
tients with ARS of the 1% severity degree (1.45+
0.3 Gy); ARS—2 —20 patients with ARS of the 2nd
and 3" severity degree (3.4+0.4 Gy) (table 1). All
patients were treated in the Department of Radi-
ation Pathology at the Institute of Clinical Radio-
logy, Scientific Centre for Radiation Medicine
(SCRM) of the Academy of Medical Sciences
(AMS) of Ukraine.

Group IT— 80 men — the liquidators of 1986—1987.
The onset of neuropsychiatric disorders among
them occured after the Chernobyl accident. Dosi-
metric maintenance of the study was based on offi-
cial data about individual doses reconstructed by the
Department of Dosimetry, SCRM of AMS of Ukraine,
dosimetric institutions of the Chernobyl Nuclear
Power Plant (ChNPP) and the Chernobyl exclusion
zone. The absorbed dose range was 0.05-1.65 Gy.
ARS has been diagnosed for none of these liquida-
tors. 35 patients were irradiated by doses below
0.5 Gy, 45 — more than 0.5 Gy.

The examined liquidators of 1986—1987 were divi-
ded into two subgroups according to the character
of exposure to ionising radiation: subgroup IIA— the
liquidators of 1986—1987 who had been working for
ashort time period (less than 3 months) in the Cher-
nobyl exclusion zone (n=37) and subgroup IIB— the
liquidators of 1986—1987 who had been working for
along time period (3—5 and more years) or still work-
ing at the exclusion zone (n=43) (table 1).

Control group A — 15 practically healthy men; corn-
trol group B —15 patients with dyscirculatory en-
cephalopathy (DEP) as a result of arterial hyperten-
sion or/and cerebral atherosclerosis; control group
C — 20 veterans of the Afghanistan war with post-
traumatic stress disorders (PTSD). These persons
were not Chernobyl accident survivors. They had
been only exposed to natural background ionising
radiation. There were no significant differences in
either age or gender between the main and control
groups (table 1).

11esThE0 HACTOSITICIO UCCIICIOBAHIIS SIBHJIACH ICHIXO(DU3HOIIO-
TMYECKAS XaPAKTCPHUCTUKA JIMKBU/IATOPOB (BKJIIOYAS JIUILI, TIC-
penecx OJIB) B OTIaICHHBIH IEPUOL ITOCIE OOITyUEHMS C
Y4ETOM OLIEHKU POJIH (DAKTOPA BO3ACHCTBIS HFOHU3HUPYIOLIHX
M3ITyYEHUH, ICUXO3MOLIOHAIBHOTO CTPECC, COMATHYECKUX
3260J1€BAHNI 1 TPAUIIHOHHBIX (PAKTOPOB PHCKA.

OBBEKT 1 METO/IbI UCCIIEJJOBAHUN

I'pynnal — 70 MalUEHTOB (MY»KIHHBI), y KOTOPBIX B 19801
Obu1a TrarHoctuponaHa OJIB. Bozpact 06¢cie0BaHHbBIX
Ha MOMEHT OGJIyUeHUsT — OT 24 10 62 JIeT, B CpeJHEM
(Mtm) — 35,1+1,7 roga. PeTpOCIIEKTHBHBIEC KIMHUYE-
CKUI ¥ KAPUOJIOIMYECKUI AHAIM3bI [IO3BOJIWIIN YTOYHHUTD
creneHsb TspreCcTr OJIB 1 IToKa3aIu, 4TO TUITNYHASA KOCT-
HOoMO3roBas popma OJIE 6pu1a y 50 06ciefoBaHHbIX. Ha
3TOM OCHOBAHHU B CTPYKTYPE I'PYIIILI I 6bLIN BBIIEIEHEI
Tpu nnoarpynnsl: OJIB-0 — 20 nanyeHTOB, y KOTOPBIX IU-
arao3 OJIb He noATBEPAWIICS (CPEAHSI 103 OOIIETO OT-
HOCHUTEJIBHO PABHOMEPHOTO Y- U B-o6iydeHus 0,58+
0,17 I'p); OJIB-1 — 30 manueHTOB, KOTOPLIE ITIEPEHECIIN
OJIB I crenenu Tsprectu (1,45+0,3 I'p); OJIB-2 — 20 na-
UEHTOB, KoTopble nepeneciun OJIB II u 11l crenenu T4-
xkecTh (3,404 I'p) (tabmuua 1). Bcex 06C1eJoOBAaHHBIX
TOU I'PYIIILL JICYWIN B OTAEAECHUHN JIy4€BOU I1ATOJIOT U
HMHCTUTYTA KIMHUYECKON Paauoorud HaydHoro neHr-
pa pagrauroHHON Mmeauumrnbl (HIIPM) AMH VKpauHbL.

I'pynna II — 80 maunenToB (MY>KYHMHBI) — JIUKBU/IATO-
poB 1986—1987 IT,, y KOTOPBIX JACGIOT HEPBHO-TICUXUYC-
CKHX PACCTPOUCTB OTMEYEH OCIE HePHOOBUILCKOM KAT4-
CTPO(BL JJO3UMETPHUUECKOE COITPOBOXKACHUE UCCIIEIOBA-
HHI OCHOBAHO HAa O(PHUIINATIBHBIX IAHHBIX OTHOCHUTEIEHO
UHUBHYJIbHBIX JO30BBIX HAIPY30K, BOCCTAHOBJIEHHBIX
B o1zene gosumerpur HIJPM AMH YKpauHbl, JO3UMET-
pudYecKUMU CIyk6amu YepHOOBUILCKON ADC (HADC) u
30HBI OTUYKAEHMA. JJ03bI 0OyueHN cOCTaBrin Ot 0,05
710 1,65 T'p, OJIB He 6bUTa IMATHOCTUPOBAHA HU Y OITHOTO
00CIENOBAHHOIO. BeJIMYUHEBI 103 OOJIYy4EHUSI MEHEE
0,5 I'p umenu 35 06CaeIOBAHHBIX, 6os1ee 0,5 I'p — 45.

JIukBumaTopbl 1986—1987 IT. 6bUIH PACIIPE/IC/ICHBI HA IBC
HOATPYHIILI B 3aBUCUMOCTU OT XaPAaKTEPA BO3ACHCTBUAA
MOHHU3UPYIOIUX UBITyYE€HUIL: 12002y nna I[IA — mTKBUIA-
TOpBl 1986—1987 IT.,, KOTOPBIE KPATKOBPEMCHHO (710
3 mMeC) paboTranu B HepHOOBUIBCKOM 30HE OTUYYKACHUS
(n=37) 1 nodzpynna IIB— nuksupaTops 1986—1987 rr,
KOTOPBIE JJOATOBPEMEHHO (3—5 JIeT U 6oiee ) paboTanu
WIH IPOJOJDKAIOT PA0OTATh B 30HE OTUYKICHUA (N=43)
(cm. Tabimmny 1).

Kormpansras epyrma A — 15 NPaKTUYEeCKH 30POBbIX JINL;
KoHmpastaazpynna B —15 60IbHBIX C JUCITUPKYIATOPHOM
sHUedatonaTye (IDIT) Ha nouBe IMIIEPTOHNYECKOM O0/1€E3-
HU U (WIM) HEPEOPAIBHOIO aTEPOCKICPO3a; KOHIMPOIbHAS
epyrma C — 20 BeTepaHOB BOUHBI B APraHUCTAHE C IOCIE]-
CTBHSIMH [TOCTTPABMATHUYECKUX CTPECCOBBIX PACCTPOKCTB
(PTSD). DTN 0O6CAEOBAHHBIC HE OBUIM MOCTPAJABIIUMU
BUJIEACTBHE YePHOOBUILCKOM KATACTPO(BL OHU OOITyJaIHCh
Ha YPOBHE ECTECTBEHHOTO (POHA PAAMOAKTUBHOCTU. JJOCTO-
BEPHDBIX PA3JIYHE IO BO3PACTY U ITOJTY MEKTY OCHOBHBIMUA U
KOHTPOJIBHBIMH I'DYIITAMU HE ObUIO (CM. TaOHILy 1).
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TABLE 1
CHARACTERISATION OF THE EXAMINED PERSONS
TABJIULA 1
XAPAKTEPUCTKA OBCINELOBAHHBIX AL,
Group n Age at the time of examination, Dose, Gy,
years Mxm Mzm
Group | (ARS) 70 47.2+1.2 1.78+0.2
ARS-0 20 45425 0.58+0.17
ARS-1 30 47.0£2.2 1.45+0.3
ARS-2 20 55.2+7.5 3.4:04
Group Il (liquidators of 1986-1987) 80 47.3+0.97 0.54+0.05
subgroup IIA (liquidators who had been working in the zone 37 46.0£1.13 0.57+0.06
in 1986-1987 for a short time period (less than 3 months)
subgroup IIB (liquidators who had been working in the zone 43 50£1.77 0.47+£0.05
in 1986-1987 for a long time period (3-5 and more years)
Control group A (healthy) 15 44.1+3.86 —
Control group B (patients with dyscirculatory encephalopathy) 15 53.1+£2.98 —
Control group C (veterans with PTSD) 20 43.4+1.83 —

The elaborated unified methodology for neuropsy-
chiatric assessment was used for the patients’ ex-
amination. The clinical neurological examination
was classically carried out. Psychiatric examination
was performed on the basis of typical psychiatric
interview and use of scales, pathopsychological and
psychometric tests as follows:

— Brief Psychiatric Rating Scale, BPRS (Overall J.E,
Gorham DR, 1962);

— Scale for the Assessment of Negative Symptoms,
SANS (WHO Coordinated multi-center study on the
course and outcome of schizophrenia, 2/93 ©An-
dreasen N.C, 1984);

— Screening Schedule, WHO 5368.1 MNH (11/78)
(WHO Collaborative study on determinants of out-
come of severe mental disorders, 1978);

— PTSD Scales: Impact of Events Scale (IES)
(©Horowitz M J. et al,, 1979) and Arousal Scale of
PTSD (IDA) (©Snaith et al, 1978);

— Unmasking Depression. Self-rating Depression
Scale (SDS) (©Zung W.WK.,, 1974);

— General Health Questionnaire, GHQ-28;
— Adapted and validated MMPI version;

— Working capacity diagnostic method (test of
E. Landolt);

— Wechsler Adults Intelligence Scale (WAIS)

Computerised EEG (cEEG) with brain mapping of
the main ranges of brain electrical activity spectral
power was carried out with the 19-channel bio-
potentials analyser “Brain Surveyor”, Saico (Italy)
and the 19-channel analyser DX-4000 (Kharkoy,
Ukraine). Epochs used in the analysis were 60 se-
conds. Computer technologies are used for preci-
sion objective and quantitative appraisal of the
EEG-parameters, which cannot be performed by

O0Cne0BaHME TAIUEHTOB IIPOBOAWIIN IIPHU IIOMOIIU
Pa3paboTaHHON YHU(PULIMPOBAHHOM OLIEHKU HEHPOIICU-
XUATPUUECKOT'O CTaTyca. HeBposoruueckoe o0caeioBa-
HUE BBIIIOJHSUIN IO KJIACCUYECKUM cxeMaM. ITcuxuaTpu-
YECKOE — HA OCHOBE TUITMYHOT'O IICUXUATPUYECKOTO UH-
TEPBBIO C UCIIOJIIB30BAHUEM CJIETYIONTUX KA, TATOIICH-
XOJOTMYECKUX U TICUXOMETPUYCCKUX TECTOB:

— KpaTKas NCUXUATPHUYECKAd OLIeHOYHAA mKaid, BPRS
(Overall JE, Gorham DR, 1962);

— IIKaJa OIEHKW HETAaTUBHOM CUMMITOMATHUKU, SANS
(MHOI'OLIEHTPOBOE UCCIIELOBAHNE, KOOPAUHUPYEMOE
BO3, 110 M3y4E€HUIO TEYEHUA U UCXOJOB IMN30(MPEHNH,
2/93 ©Andreasen N.C,, 1984);

— KaPTa NCUXUATPUYECKOrO cKpurrHra WHO 5368.1 MNH
(11/78) (CosmectHOE ¢ BO3 ncaienosaHye OnpeesstOnx
(PAKTOPOBUCXOZIOB TDKEIIBIX ICUXUUECKHX PACCTPOHCTB, 1978);

— MIKAJIBI OLIeHKH PTSD: 1I1kasia BOCIIOMUHAHUI O COOBI-
TrAx (IES) (OHorowitz M J. et al,, 1979) u mikaia BO36yx-
Jenus B cBa3u ¢ PTSD (IDA) (©Snaith et al., 1978);

— HEMACKUPOBAHHAA JIENIPECCHA — IIKAIA CAMOOLIEHKH!
Jenpeccuy, SDS (©Zung W.W.K,, 1974);

— OIIPOCHUK O01IETO 300p0oBbs GHQ-28;
— Q/IAITUPOBAHHBIN U PEBAIM3UPOBAHHBI BApraHT MMPI

— METOJUKA TUATHOCTUKH PAOOTOCIIOCOOHOCTH (TECT
E. JIanzposesra);

— TecT Ha uHTeJUIeKT [I, Bekcnepa (WAIS).

KomrnprorepHyto OOI' (kDD ¢ Tonorpauyeckum Kap-
THUPOBAHUCM CHCKTpZUIbHOI;I MOIIIHOCTH OCHOBHBIX 1A~
ITA30HOB SHCKTpI/I‘-ICCKOﬁ AKTHUBHOCTH I'OJIOBHOI'O MO3ra
MIPOBOJIMIM IIPU ITOMOIIU 19-KaHAILHOI'O aHAIM3ATOPA
OHMONOTEHIINAIOB MO3r4a “Brain Surveyor”, Saico (Utanus),
1 19-kananbHOro aHanuzatopa DX-4000 (XapbKoB, VK-
panHa). Droxa aHam3a coCTassuIa 60 ¢. KOMIIBIOTEPHYIO
TEXHUKY UCIONB3YIOT U1t TOUHOU OObEKTUBHON KOJTHYE-
CTBEHHOM OLIEHKU [1aPAMETPOB DD, KOTOPYIO HEBO3MOXK-
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visual evaluation or can be performed approxi-
mately only.

Checkerboard reversible pattern visual evoked
potentials (VEP) with topographic mapping of
their main components were registered binocu-
larly on 50 chess-pattern reversals with frequen-
cy 1 Hz with the 19-channel biopotentials ana-
lyser “Brain Surveyor”, Saico (Italy) and the
19-channel analyser DX-4000 (Kharkov,
Ukraine). Amplitudes, latencies and their topo-
graphic distribution of the VEP main components
were estimated.

Psychophysiological investigations were carried out
at the Department of Neurology, Institute for Clini-
cal Radiology, SCRM AMS of Ukraine in the first half
of the day during the passive awake state of a pa-
tient. The patients were nonmedicated for 3 and
more days. Brain electric activity was monopolarly
registered with linked ears reference. Nineteen scalp
electrodes were placed according to the “10—-20”
International System.

Electronic tables Excel (MS Windows) were used
as a database structure for accumulation, saving
and analysis of information. Statistic analysis was
performed with parametric and nonparametric
methods in the electronic tables Excel and statis-
tical programme package STATISTICA 4.3B for
Windows.

The statistical analysis was carried out hierarchi-
cally according to the degree of complexity of the
task to be solved. Clinical and psychophysiologi-
cal data were analysed with descriptive statistics:
ranking and analysis of variance, relative frequen-
cies and histograms, means and standard devia-
tions from grouped data, standard error of the
mean.

The deflection factor was used for detection of the
degree and direction of the psychophysiological
parameter deviation from the norm. It was calcu-
lated according to the formula as follows:

Df= (A, —A) + 100%+ 4, (1)

where Df — the deflection factor, A, — the value of
the index to be studied, A, — the mean normal value
of this index. The deflection factor is positive if the
parameter was increased in a patient comparatively
to the norm, and it is negative when the parameter
was decreased (Badalyan L.O., Skvortzov LA, 19806).

The clinical and physiological differences between
the groups were estimated with parametric and
nonparametric methods: the Chi-square test (cri-
terionx?), relative risk, standardised deviationz. The
neurophysiological correlates of clinical and patho-
psychological indices were studied with correlative
and regressive analyses. The degree of influence
upon the CNS of the Chernobyl accident aftermath

HO IIPOBECTH IIPH BU3yaJbHOM aHAJIN3C WIN OCYIIIECTB-
JIICTCS JINIIb IPHUOINU3UTEIIBHO.

Perucrpanuio 3puTeIbHbIX BBI3BAHHBIX IIOTEHLIMAJIOB HA
Ob6pamieHNE MAaXMATHOTO narrepHa (3BITHIIT) ¢ kapTu-
POBAaHHMEM OCHOBHBIX KOMIIOHEHTOB IIPOBOJAWIN OUHO-
KyJIApHO Ha 50 O6paIeHN MAaXMATHOT'O HATTEPHA C Ya-
cToTo obpamenus 1 ' npu nomomu 19-KkaHaIBHOTO
aHanmmsatopa “Brain Surveyor”, Saico (Utanus), n 19-ka-
HanbHOrO anammzaropa DX-4000 (XapbKOB, YKpauHa).
OLIEHUBAIN BEJTMYUHbBI AMIUIATY/IbI M JIATEHTHBIX IIEPHO-
108 (JIIT) oCHOBHBIX KOMITOHEHTOB 3BIIIIIT 1 nx TONnO-
rpauyecKoe pacmpe/iesicHUe.

[TcnxO(PU3UOIOTHYECKUE UCCICIOBAHMS IIPOBOJIUIN B
OT/EE HEBPOJIOIMU MHCTUTYTA KIIMHUYECKOU PA/IMOIIO-
ruy HIIPM AMH VKpauHbl B IEPBOU TIOJIOBUHE JIHA B CO-
CTOSIHHM ITACCUBHOTI'O OOJPCTBOBAHUA ITAIIUEHTA HA (POHE
OTMEHBI HEMPO- U IICUXOTPOITHBIX IIPENAPATOB HA MPO-
TSDKEHHUU HE MCHEC 3 JHEN. DJIEKTPUYCCKAS AKTUBHOCTD
T'OJIOBHOI'O MO3I'd OTBOJAWIACH MOHOIIOJIIPHO C pepepeHT-
HBIMH JIEKTPOJAMU HA MOYKAX VIIICH. CKAJIBIIOBBIC JJICK-
TPO/BI PA3MENTAIN IO MEKAYHAPOJHOM cucteMe “10—20”.

DiiekTpoHHbIE Ta0au1bl Excel (MS Windows) 6pu1u uc-
MOJIB30BAHBI B KAYECTBE CTPYKTYPHI 643 TAHHBIX JJI HA-
KOIUIEHUA, XPAHEHNA U aHAIN3a UHPOopManuu. CTaTu-
CTUYECKHH aHAIN3 IPOBEAEH HA OCHOBAHUU ITAPAMET-
PHUYECKUX U HENAPAMETPUYECKUX KPUTEPHEB B DJICKT-
POHHBIX Tabiuax Excel U CTATUCTUYECKOM ITAKETE
STATISTICA 4.3B for Windows.

CTaTUCTUYECKUN AaHAJIU3 IIPOBOJIWIN B UEPAPXHUUICCKOM
TOCJIEAOBATELHOCTH 10 CTENEHHN CJIOYKHOCTH PEITAEMO
331249, [1J11 KIIMHUKO-TICUXO(MU3NOJIOTMYECKON XaPAKTe-
PUCTUKH I'PYHIT UCTIOIB30BAIA METO/IbI JICCKPUIITUBHOMN
CTATUCTUKU: PAFPKMPOBAHNE Y AHAIN3 BAPUALIMOHHDIX PsI-
JIOB, OTHOCHUTEJIbHBIC YACTOTBI ¥ TUCTOIPAMMBI, CPEJIHHE
aApHU(PMETUYECKUE B IPYIIIAX, CPESHHE KBAAPATUIECKHE OT-
KJIOHEHUS, CPETHUE OIMUOKH CPESHUX APUPMETHUIECKUX.

st onpeziesieHus CTENEHH M HATIPABJIECHHOCTH OTKJIO-
HEHUU NICUXO(PUZHOIOTHYECKUX ITAPAMETPOB OT HOP-
MBI BBIYUCIISUTH KO(D(PUILIHMEHTHI OTKJIOHEHNH 11O (POp-
MYyJIE:

Kommw = (141 _AK) e 100%~+ Am (l)

e K, — KO3(PPUIIMEHT OTKIOHEHUS OT HOPMBI, A; —
BEJIMYMHA UCCIEyEMOTO TIOKa3aTens, A, — CpeHss Be-
JIMYMHA 3TOI'O II0KA3aTess B HopMe. KoapduimeHTt or-
KJIOHEHUS MTOJIOKUTEIBHBIN, €CJIU [TAPAMETP MOBBIIICH
10 CPABHEHHIO C HOPMOI, U OTPUIIATEIBHBIN, — €CJIN I1O-
kazaresb cHkeH (Bagansia J1O., Ckoprios NLA., 19806).

151 BBISIBJICHUSI KIIMHUKO-(PU3UOJIOIMYECKUX PA3INYNH
MEKY IPYIIIAMU UCIIOIB30BAIN ITAPAMETPUYECKHE U HE-
apaMeTPUIECKUE KPUTEPUH: KPUTEPHI X, OTHOCUTEIIb-
HbIE PUCKH, HOPMHPOBAHHOE OTKIOHEHME z. Heripodu-
3MOJIOTMYECKHUE TTaPaAIEId KIUMHUYECKUX U I1ATO-
MCHUXOJIOIMYECKHUX ITOKA3ATEJICH U3yl METO/IAMH KOP-
PENAIMOHHOIO U PEIPECCUOHHOIO aHAIN3a; BAUAHNIC
KOMILIEKCA (PAKTOPOB HOCIEACTBHUI YEPHOOBUILCKOM Ka-
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factors complex (dose of irradiation, duration of the

work at the zone, physical diseases comorbidity, age,

traditional risk factors etc.) was estimated with cor-
relative, regressive and dispersive (factorial) analy-
ses (Montgomery D.C,, 1976; Kirk RE., 1982; Kuz-
ma J.W., 1984; Kuzma J.W., 1984; Mintzer O.P. et al,,
1991; Daniel W.W,, 1995).

RESULTS

Neurological Characterisation

The frequency of the main subjective symptomsin the
liquidators of groups I and Il are shown in table 2.

Frequency and character of subjective symptoms in
the patients of both groups were similar. Almost all
patients complain of recurrent or persistent head-
aches, limb pain and odd skin sensations, fatigue,
vertigo, memory and working capacity deteriora-
tion, irritability.

The objective neurological symptoms are shown in
table 3.

According to the neurological examination severe
focal symptoms were absent. At the same time mi-
crofocal abnormalities such as convergence weak-

TACTPOdBI (032 OOIYIEHIS, IPOJIOJDKUTEIBHOCTD PA0OT
B 30HE OTYYK/ICHUSA, COITyTCTBYIOIIAsA COMATHYECKAS 1A~
TOJIOT'WSAL, BO3PACT, TPAJAUIIMOHHbIE (DAKTOPBI PUCKA U JP.)
Ha [THC — KOppeIrOHHOrO, PErPeECCUOHHOIO U JINC-
IIEPCUOHHOTO (PAKTOPHOIO) aHam3a (Montgomery D.C,
1976;Kirk RE.,, 1982; Kuzma J.W,, 1984; Kuzma J.W,, 1984;
Munuep O.I1. u coast,, 1991; Daniel W.W., 1995).

PE3YJIBTATBI UCCITENOBAHUM

HeBpoIornyecKkast XapaKTepuCTHKA

YacToTa OCHOBHBIX CYO'BEKTUBHBIX CUMITTOMOB Y JINKBH-
Jaropos rpymm [ u Il npeacrasieHa B Tabiute 2.

CyO6'bEKTUBHBIE CUMIITOMBI § OOCIEJOBAHHBIX OOEUX
IPYIII CYMECTBEHHO HE OTIINYAIUCD. BOJIbHBIE XKATOBA-
JIMCh HA TIOCTOSTHHYIO FJIU IIEPHOINYCCKH BOZHHKAIOIITYIO
T'OJIOBHYIO O0JIb, 00JIb M HENIPHUATHBIC OLTYIICHS B KOHEY-
HOCTSIX, YCTAJIOCTh, TOJIOBOKPYKECHUE, CHIDKECHUE TaMsI-
TH 1 PA6OTOCIIOCOOHOCTH, PA3PAKUTEIIBHOCTD.

HeBposiornyeckue CUMIITOMBI ITPE/ICTABICHBI B TA0JIH-
11e 3.

B HEBPOJIOIMYECKOM CTATYCE IIPH OTCYTCTBUU I'DYOOI OYa-
T'OBOI CUMITTOMATHUKH HAGTIOIAI MUKPOOYAT'OBYIO ITATO-
JIOTHIO — CJIA60CTh KOHBEPI€HITHUH, HE3HAYUTEBHO BbI-

TABLE 2

SUBJECTIVE SYMPTOMS IN THE ARS-PATIENTS (GROUP I) AND THE LIQUIDATORS OF 19861987 (GROUP 11)

TABJINLA 2

CYBEbEKTMBHBIE CUMMTOMbI Y ML, NEPEHECLUWX OJ1B (TPYMMA ), 1 INKBUOATOPOB 1986-1987 rr. (TPYMNAII)

Subjective symptom Group | (n=70) ¥2 P Group Il (n=80)
Headache 58(83%) -0.33 >0.05 69(86%)
Memory deterioration 54(77%) 0.02 >0.05 61(76%)
Limb pain 52(74%) 0.56 >0.05 55(69%)
Fatigue 46(69%) 0.005 >0.05 53(66%)
Limb sweating 41(58%) —0.42 >0.05 51(64%)
General weakness 40(57%) 0.07 >0.05 44(55%)
Vertigo 37(53%) 0.04 >0.05 41(51%)
Coordination disorders 35(50%) 0.21 >0.05 37(46%)
0dd skin sensations 33(47%) 0.17 >0.05 35(44%)
Irritability 29(41%) -0.08 >0.05 35(44%)
Depressive mood 22(31%) —0.06 >0.05 26(32%)
Sleepy 22(31%) 0.04 >0.05 24(30%)
TABLE 3
NEUROLOGICAL SYMPTOMS IN THE ARS-PATIENTS (GROUP I) AND THE LIQUIDATORS OF 1986-1987 (GROUP I1)
TABJINLA 3

HEBPOJIOMM4ECKAA CUMATOMATUKA'Y JIALL, NEPEHECLLIX OB (TPYMMA 1), N TNKBWOATOPOB 1986-1987 rr. (TPYMMA L)

Neurological symptom Group | (n=70) 1 P Group Il (n=80)
Acuity of vision deterioration 29(41 %) 1.28 >0.05 26(32%)
Convergence weakness 34(49%) 2.84 >0.05 28(35%)
Nystagmus 17(24%) -0.20 >0.05 22(27%)
Hearing deterioration 24(34%) 0.16 >0.05 25(31%)
Vestibular disorders 44(63%) 1.64 >0.05 42(60%)
Pyramidal signs 25(36%) 2.04 >0.05 20(25%)
Extrapyramidal signs 22(31%) 0.49 >0.05 21(26%)
Sensory disorders 42(60%) 1.16 >0.05 41(51%)
Coordination disorders 35(50%) 0.21 >0.05 37(46%)
Paroxysmal states 46(66%) 5.03 <0.025 38(47%)
Sensoric-algetic disorders 65(93%) 2.29 >0.05 68(85%)
Autonomic disorders 67(96%) 1.79 >0.05 72(90%)
Diffusive microfocal neurological signs 45(64%) 6.33 <0.025 35(44%)
Blood pressure increase 22(31%) 0.02 >0.05 26(32%)
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ness, mild face muscle asymmetry, vestibular dys-
function, delicate pyramidal and extrapyramidal in-
sufficiency, signs of oral automatism (subcortical
signs), mild asymmetry of the tendal and periostal
reflexes, and coordination disorders were revealed.
The frequency of diffusive microfocal neurological
signs was significantly higher in the ARS-patients.

Paroxysmal states were characteristic for the ma-
jority of the survivors, particularly for the ARS-pa-
tients (P<0.025). The overwhelming majority of
these paroxysmal states are autonomic-vascular
paroxysms or Penfield’s “diencephalic autonomic
epilepsy” with paroxysmal activity focus at the hy-
pothalamus. However, an increase of frequency of
epileptic syndromes with complex partial seizures
was also observed.

Sensoric-algetic and autonomic disorders were di-
agnosed in almost the all patients. There is a ten-
dency towards an increase of both frequency and
severity of these symptoms in the ARS-patients (ta-
ble 3).

The onset of neuropsychiatric disorders in the li-
quidators of 1986—1987 as well as in the majority of
the ARS-patients was as dysautonomia (autonom-
ic-vascular dysfunction), which quickly (within 2—
5 years) developed towards encephalopathy. Acute
radiation and radiation dyscirculatory encephalop-
athy were diagnosed in patients who had ARS of the
grave severity degree (more than 4 Gy) (Toruba-
rov ES. et al,, 1989).

Consequently, the sensoric-algetic, autonomic, ves-
tibular-ataxic and epileptic syndromes together
with mild pyramidal and extrapyramidal insuffi-
ciency are the neurological signs of organic brain
damage (encephalopathy) at the remote period of
irradiation. Frequency of these symptoms increased
following irradiation by 0.5 Gy and more. It should
be noted that there is a direct correlation between
the frequency and severity of encephalopathy and
the ARS severity degree. Moreover, in a number of
cases there was no correlation between the enceph-
alopathy severity and the degree of cardio-vascular
system damage, lipid metabolism, blood pressure.
It testifies to the peculiarities of the encephalopa-
thy in overirradiated persons when atherosclerosis
or arterial hypertension was absent.

Psychiatric and pathopsychological
characterisation

A predominance of spontaneous sensoric phe-
nomena such as pain of different localisation
and paresthesia was characteristic for the per-
ception disorders among almost the all ARS-pa-
tients and liquidators of 1986—1987. These sen-
sations were distressing and bizarre. It was diffi-
cult for patients to describe them. Quite often
abnormal sensations were accompanied by hy-
perbolical interpretation, affectation, fixed or

PKEHHAs ACHMMETPHS MBIIIILJINITA, BECTUOYIIAPHAS JIHC-
yHKIYS, “@KypHAT” TUPAMUIHASL U SKCTPATUPAMUTHASL
HEJJOCTATOYHOCTD, CUMIITOMBI OPAJIBHOT'O ABTOMATHU3Ma,
HE3HAYNTEIBHO BEIPAKEHHASI ACHMMETPHUSI CYXOKHITBHBIX
U TIEPHUOCTATBHBIX PEIICKCOB, HAPYIIECHIIS KOOP/IMHAI UL
IndysHyio MUKPOOYATrOBYIO CUMITTOMATHKY JIOCTOBEP-
HO 4alle Hadmogann y jint, nepenecmux OJIB.

ITapOKCU3MAIBHBIE COCTOSIHUSA ObUIM XAPAKTEPHBI IS
OOJIBIIMHCTBA IOCTPAJABIINX, OCOOEHHO JYIS1 TEX, KTO I1e-
perec OJIB (p<0,025). BOABIIMHCTBO 3THUX IAPOKCU3-
MaJIbHBIX COCTOSIHU SIBJIICTCSI BETETOCOCYANUCTBIMU KPU-
3aMU WIN POSIBJICHUSAMHU “TUIHIIE(PATBHON aBTOHOMHOM
snwirencun” o Penfield, korjga ouar mapoKCU3MaabHOMN
AKTUBHOCTH HAXOJAUTCA B TUTIOTAIaMyCe. OHAKO TAKKE
OTMEUYCHO YBCJINYCHHUE YACTOTHI AMMJICITU(NOPMHBIX
CHH/IPOMOB IO TUITY CJIOXKHBIX AP AJIbHBIX IIPHUCTYIIOB.

TTpaKTUYECKU y BCEX MTOCTPAIABIINX HAOIIONAIN CEHCOP-
HO-AJITMYECKUE U BETETOTPO(POBACKYJISIPHBIC HAPYIIIE-
HUS, KOTOPBIE UMEIH TEH/ICHITNIO K YBEJIMYEHHIO YaCTO-
ThI BCTPEYAEMOCTH U CTEIICHU BBIPAYKECHHOCTH Y JIUL, KO-
Topble nepeHecau OJIB (cm. Tabnulty 3).

J1e610T HEPBHO-TICUXUYECKUX PACCTPOICTB Y JIUKBUA-
TOpPOB 1986—1987 IT. M Y GOIBIIMHCTBA JIUI], KOTOPHIC
nepenecau OJIB, npousomesn B (OpMe BETETOCOCYAHC-
TOU JUCTOHUH, KOTOPAs OBICTPO, HA NMPOTLKEHUN 2 —
5 JIET PA3BUJIACH B HLEPAIONATHIO. Y GOIBHBIX, TIEPE-
uaecmmx OJIB Tspremnon crenenu (6omee 4 Ip), B 1986 1.
JUATHOCTUPOBAJIA OCTPYIO PAJANUAITMOHHYIO UJINA PaIAa-
UOHHO-TOKCHYECKYIO aHIedanronaruo (Topyba-
poB @.C. u coasrt., 1989).

C1e/10BaTENIbHO, B OTAAICHHBIN EPHUO]] TOCIE OOTYYCHUS
BBISIBJIEHBI HEBPOJIOTMYECKHE MPU3HAKA OPIAHUYECKOTO
MOPAKEHUA F'OJIOBHOI'O MO3T'd (3HIIE(MAIONATHN) B BUAE
CEHCOPHO-UII'MYECKOTI'O, BEI'€TOTPO(MPOBACKYJIPHOI'O, BEC-
THOYJIOATAKTHYECKOI'O, AMMWICITU(POPMHOI'O CUHPOMOB 1
MATKOU ITMPAMUTHO-3KCTPAITUPAMHIHOM HEJOCTATOYHO-
cru. [Ipu obiyyeHun B 1o3ax 6osiee 0,5 I'p gyacrora a11ux
CHUHJPOMOB BO3pacraer. Heo6XoaumMo OTMETUTh HATUYNUE
MPSIMOI 3aBUCHMOCTH YACTOTBI M CTETICHU BEIPAKCHHOCTH
SHLE(PATIONATUY OT CTENCHU TSLKECTH lepeneceHHOU OJIB,
4 TAKOKE OTCYTCTBUE B PSA/IE CIYYAEB 3aBUCHMOCTH CTECIICHHU
BBIPAKEHHOCTU SHIE(PAIONATUU OT CTENEHU TTOPAKEHUS
CEPACYHO-COCYIUCTON CUCTEMbI, OOMEHA JIMITUJIOB, YPOB-
HS APTEPHUATIBHOTO IABJIEHUS. DTO OTPAKAET OCOOEHHOCTU
SHUE(PATIONATUH Y JIHLT, OOJIYYEHHBIX B OOJIBIINX 034X, HO
6€3 ATEPOCKIEPO3a WIN APTEPHUAIBHOM I'HIIEPTCH3HNL

IcuXUATPUIECKAS U MATOIICHXOJIOTHIeCKAs
XapPaAKTEePHUCTHKA

ITpakTHyecKu y BCeX OOCIEIOBAHHBIX JIML], KOTOPBIE IIepe-
Heom OJIB, v IMKBUAATOPOB 1986—1987 IT,, pacCTPOMCTBA
BOCIIPUATHA XAPAKTEPUZOBAIUCH IIPEOOJIAAHNUEM CTIOHTAH-
HBIX CEHCOPHBIX (DEHOMEHOB B BUIE OOJIN PA3IMIHOM JIOKA-
JIN3AITAN U TTapecTe3uit. TIprdeM 3TH ONIyIieHus 6bUIN TH-
TOCTHBIMH, MY‘{I/ITCJII)HI)IMI/I Y U3BPANCHHBIMY, ITAITUCHTAM
OBUIO TPY/IHO UX OITHUCATB. [ TATONIOrHYecKre OIIyeHNs He-
PENKO COMPOBOMKAAIUCH TUIIEPOOINYECKON TPAKTOBKOM,
BBIPAKEHHON SMOIMOHAJIBHOM OXBAYEHHOCTBIO, BOSHUKHO-
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overvalue hypochondriac ideas. Paroxysmal psy-
chosensoric disorders were also frequently ob-
served. Elementary acoustic hallucinations were
observed in some patients.

A reduction of remembering, saving and reproduc-
tion of new information was characteristic for
memory deterioration. Sometimes fallout of long
ago obtained knowledge and everyday skills were
also observed. Acoustic-speech memory was parti-
cularly often disordered. A reduction of attention
stability, switching and concentration was revealed.
As a whole, mental capacity to work was reduced
according to the criteria of efficiency, endurance, ac-
curacy and reliability, moreover mainly to the ac-
count of weak quantitative and qualitative results
of work. Intelligence quotient (IQ) distinguished
withlower values of verbal IQ (81.2+3.4), than non-
verbal IQ (93.1£5.3).

The cognitive disorders included a worsening of
planning, long-term goal formation, ability to mo-
bilise a facility of the personality for these goals
achievement, possibility to foresee obvious con-
sequences in the future, ability to develop and re-
alise alternative problem-solving strategies, as
well as simultaneous execution of several tasks.
Besides, suspicious or paranoid thinking and/or
overweening worry about abstract problems
(Eastern religions, “recovery systems” and “correct
life-way”, “fairness and unfairness”), circumstan-
tiality and viscosity of thinking and speech were
observed.

The affective disorders included mainly affect flat-
tening, up to apathy sometimes, with a narrowing
of circle of interests and contacts with environ-
ment, social withdrawal and autism. Depressive
disorders were mainly observed in combination
with languor, adynamia, hypobulia, lack of initia-
tive. Anxiety-depressive disorders, feelings of de-
spair and an impossibility to influence or change
the future were also revealed. Obsessive-phobic
and dysphoric states were diagnosed comparative-
ly less often.

Mental state of the ARS-patients and liquidators
of 1986-1987 was greatly distinguished from
the control groups. Somatic concern, blunted or
inappropriate affect, emotional withdrawal, as
well as suspiciousness and unusual thought con-
tent dominated in the irradiated patients ac-
cording to the BPRS (table 4). Thereby, at the
remote period after irradiation the negative psy-
chopathological symptoms are of particular im-
portance.

Negative psychopathological symptoms were stu-
died with the SANS (table 5). The majority of the
negative symptoms included unchanging facial ex-
pressions, paucity of expressive gestures, poor eye
contact, affective nonresponsiveness, lack of vocal

BEHHEM HABA3UUBbBIX U CBEPXIIEHHBIX WJIEH UTIOXOHIPHYEC-
KOTO cofieprkanms. Hepeaxro Habmogam NapoOKCU3MAIbHBIE
IICUXOCEHCOPHBIE PACCTPOHCTBA. Y HEKOTOPBIX OOJIbHBIX
BBIABJIAUIN 3JIEMEHTAPHBIE CJIYXOBbIE IULTIOLIAHALAN.

11 pacCTPOMICTB MTAMATHU ObLJIO TUIIHYHBIM CHIDKEHUE
3aIIOMUHAHMSL, COXPAHEHMS U BOCIIPOU3BEICHUSI HOBOH
UH(OPMAITNH, XOTSI THOT/A IIPOCIEKHUBAIM 1 BBIITA/ICHUS
JIaBHO IPUOOPETEHHBIX 3HAHWI U IIOBCE/THEBHBIX HABbI-
KOB. OCOOEHHO 44CTO CTPAAIA CIIYXO-PEUEBAst ITAMSATD.
Habiroga11 CHIKEHNE CTOMKOCTH, IIEPEKII0YAEMOCTH U
KOHILICHTPALIMY BHUMAHUS. YMCTBEHHAS PA0OTOCIIOCO0-
HOCTb 6bIJIA CHIDKEHA IO KPUTEPUSIM IPOJYKTUBHOCTH,
BBIHOCJIMBOCTH, TOYHOCTH U HA/ICKHOCTH, IPHUYEM IIpe-
MMYIIECTBEHHO 34 CYET (JIAOBIX KOJTUYECTBCHHDBIX U Ka-
YECTBEHHBIX PE3YJIBIATOB PA6OTHL IToKa3aTenu UHTEN-
JIEKTyanbHOro KoadgdpurpenTa (IQ) ommyanucs 6oiee
HHU3KHMMU 3HAYCHUSIMH BEPOAJBHOI'O HHTEIIECKTA
(81,2+34), uem HEBEPOATHHOTO (93,145,3).

KOrHUTUBHBIEC HAPYIICHHS IPOSIBIISUIUCD YXYAIIEHUEM TUIa-
HHPOBAHMSA, POPMHUPOBAHM JOJTOCPOYHDIX 1IEJIEH, CIT0-
COBHOCTH MOOHTU30BATh PECYPCHI IMYHOCTH YIS IOCTH-
JKEHHS 3TUX LEJIEH, BOSMOXKHOCTH ITPEABUICHIS OYEBU]I-
HBIX ITOCJIE/ICTBUM B OYIyIIIEM, CHIOCOOHOCTH K PA3PA0OTKE
U PEAUU3ALNH AJIBTEPHATUBHBIX ITPOOIEMHO-PENTAIONTIX
CTPATErNi, 4 TAKKE OJJHOBPEMEHHOI'O BBIITOJIHEHUS HE-
CKOJIBKUX 33/1a4. Kpome TOro, Hab/moAam NoJ03pUTEILHOE
WIN [TAPAHOWTHOE MBIIIIEHUE U /WA YPEZMEPHYIO 03260-
YEHHOCTb A0CTPAKTHOM IPOOIEMOI (BOCTOUHBIE PEJIUTHU,
CHUCTEMBI O3/IOPOBJICHIA U “TIPABIJIBHOTO CTIOCO0A JKU3HI,
“CrIpaBeIMBOCTD U HECHPABE/JINBOCTD”). BBIABIAIHN
OOCTOSATEIBHOCTD U BI3KOCTb MBIIIUICHUS 1 PEYML

AddeKTUBHBIE PACCTPOUCTBA 3AKIIOYATUCH IPEUMY-
MIECTBEHHO B YIUIOMIEHUU a(pPEKTA, UHOIIA BIUIOTh JO
AMNATHU C CYKEHUEM KPYrd MHTEPECOB U KOHTAKTOB C
OKPYKAIONIUMH, COLTUAJIBHON OTUYKAEHHOCTBIO U AyTH-
3apueit. OTMEeYaIn JIEIIPECCUBHBIE PACCTPOICTBA, IIpe-
MMYIIECTBEHHO B COYETAHNH C BAJIOCTBIO, aIMHAMUEH, TH-
HOOYJIMEN, OE3BPIHUIIMATHBHOCTBIO; TPEBOXHO-ECIIPEC-
CHUBHBIC PACCTPOUCTBA, YYBCTBO OE3BICXO/JHOCTU U
HEBO3MOXXHOCTH ITOBJIUATD WJIM U3MEHUTH Oyayiee. O6-
CECCHUBHO-(POOMUECKHUE U JUC(HOPHUIECKHE COCTOSIHUSA Y
06CIeNOBAHHBIX HAOIIOAIN OTHOCUTEILHO PEXE.

ITcuxuyeckoe COCTOsTHUE UL, iepeHectnx OJIB, 1 JInK-
BU/IATOPOB 1986—1987 I'T. CYIIIECTBEHHO OTIUYACTCS OT
KOHTPOJIbHBIX I'pynIl. ITo nanHbiM BPRS y 06i1ydeHHBIX
IpeobIaAI0T TAKUE CUMITTOMBI KAK COMATHYECKAs 034-
OOYEHHOCTD, IPUTYILUICHHBIN WU HEAJEKBATHBIN ad-
(PEKT, SMOIIHOHATIBHOE OTUYKICHHUE, 4 TAKXKE TIOAO3PU-
TEJIBHOCTb U HEOOBIMHOE COAEPKAHNUE MBIITUIEHUSA (Ta6-
suna 4). Takum o6pa3om, B OTIAICHHBIN IEPUO]T TOCIIC
06JIy4eHMsI OCOO0E 3HAYEHUE UMEET HeraTHuBHAA (“Iedu-
LUTApHAA”) IICUXOIIATOJIOINYECKASA CUMIITOMATHKA.

HeraTusHas ICUXONATOIOTMYECKAs CUMIITOMATHKA ObLIA
HU3y4deHa IPU HOMOIIM SANS (Tabmuiia 5). BOJBITMHCTBO He-
TaTUBHBIX CHMIITOMOB 3aKII0YAJIOCh B THIIOMUMUH, MaJIO-
YHCJIEHHOCTH BBIPA3HUTENIBHBIX KECTOB, OEJHOM KOHTAKTE
1a3amMu, APOEKTUBHON HEOT3bIBYMBOCTH, HEJOCTATOYHO-

10
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TABLE 4

INDICES OF THE BRIEF PSYCHIATRIC RATING SCALE (BPRS) IN THE MAIN AND CONTROL GROUPS

TABJINLA 4

MOKASATENN KPATKOU NCYXWATPUYECKOI OLEHO4HOI LKAbI (BPRS) B OCHOBHbIX 11 KOHTPOTbHBIX MPYMMAX

Index Group | (n=70) Group Il (n=80) Group A (n=15) Group B (n=15) Group C (n=20)

Somatic concern 4.2+0.2** 4.1+0.2** 1.8+0.1 3.8+0.4* 3.3+0.3*
Anxiety 2.4+0.1* 3+0.2* 1.1+0.1 3.3+0.2" 4.1+0.3**
Emotional withdrawal 3.5+0.2** 2.240.2** 0.5+0.1 1.3+0.1* 1.9+0.3"
Conceptual disorganisation 0.7+0.1 0.6+0.2 0 0.5+0.2 0.5+0.1
Guilt feelings 1.740.2* 1.3+0.2* 0 0.7+0.2 2.540.2**
Tension 1.140.2 1.6+0.3* 0 1.740.1* 2.840.3**
Mannerisms and posturing 0.5+0.1 0.4+0.1 0 0.5+0.2 0.8+0.1
Grandiosity 0 0.2+0.1 0 0 0
Depressive mood 2.5+0.2* 3.6£0.2** 1.240.2 3.1+£0.3** 3.840.4**
Hostility 0.4+0.1 0.5+0.2 0 0 1.8+0.2*
Suspiciousness 3+0.2** 2.1+£0.2* 0.3+0.1 1.9+0.2¢ 1.1£0.2
Hallucinatory behaviour 0.3+0.1 0.2+0.1 0 0 0
Motor retardation 2.1+0.1* 1.940.2* 0 1.9+0.2* 0
Uncooperativeness 1.5+0.1* 2.4+0.2* 0 0 2.1+0.1*
Unusual thought contents 2.940.2** 2.140.2* 0.5+0.1 1.340.2 1.5+0.2
Blunted or inappropriate affect 3.6+0.2* 2.240.2* 0 1.1+£0.2* 0.6+0.1
Sum 1-16 30.4+0.4** 28.4+0.5** 5.4+0.2 21.1+£0.4** 26.8+0.5**

Note. * — probability P<0.05 relatively to the control group A; ** — probability P<0.01 relatively to the control group A.

*

TMpumedanme.
KOHTpOMbHOM rpynnoit A (p<0,01).

— BEPOATHOCTb PA3NMy4Mil MO CPaBHEHWIO C KOHTPOsbHOW rpynnoi A (p<0,05); ** — BEPOATHOCTb PA3NUYNIA MO CPABHEHUIO C

TABLE 5

INDICES OF THE SCALE FOR THE ASSESSMENT OF NEGATIVE SYMPTOMS (SANS) IN THE MAIN AND CONTROL GROUPS

TABJINLA 5

MOKASATENN LLKAJTbI OLIEHK HEFATUBHO CUMMNTOMATVIKM (SANS) B OCHOBHbIX 11 KOHTPOJTbHbIX [PYMMAX

Index Group | (n=70) Group Il (n=80) Group A (n=15) Group B (n=15) Group C (n=20)
Affective flattening or blunting 2.4+0.1** 2.1+£0.2** 0 0.4+0.1 0.7+0.1
Alogia 2.240.1** 1.9+0.2* 0 1.3+0.3* 0.4+0.1
Avolition—apathy 2.6+0.1** 2.540.2** 0 0.9+0.1* 0.6+0.1*
Anhedonia—asociality 2.740.1** 2.6£0.2** 0 0.5+0.2 1.5+0.2*
Attention 2.740.2** 2.3+0.2** 0 2.1+0.2** 0.5£0.2

Note. * — probability P<0.05 relatively to the control group A; ** — probability P<0.01 relatively to the control group A.

*

Tpumedanme.
KOHTpOsbHOM rpynnoit A (p<0,01).

inflection, poverty of content of speech, increased
latency of response, physical anergia, a reduction of
recreational interest and activities, a reduction of
sexual interest and activity, tendency to be alone, so-
cial withdrawal.

The majority (62%) of the examined irradiated pa-
tients had increased risk of development of severe
mental disorders according to the Screening Sched-
ule. The results of this schedule also confirmed a
prevalence (P<0.01) of the negative symptoms
compared with positive.

The PTSD study with related scales has shown that
all examined survivors were exposed to psychoe-
motional stress concerning the Chernobyl disaster:
average score on the Impact of Events Scale (IES)
in group I — 284+5.6 and in group II — 34.6+6.7.
Memory of the disaster and associated arousal take
the leading place in psychopathology of 8(11%)
ARS-patients and 22(27%) liquidators of 1986—
1987.1t concerns predominantly those who had not
been prepared for emergency and took part in the
accident consequences cleaning up works involun-

— BEPOATHOCTb PA3NMYMil MO CPaBHEHWIO C KOHTPOSbHOW rpynnoi A (p<0,05); ** — BEPOATHOCTb PA3NUYNIA MO CPABHEHUIO C

CTH MOJTYJISIITAH TOJIOCA, GETHOCTH COJICPIKAHUS PEUH, YBE-
JIMYEHUS JIATEHTHOCTH OTBETOB, (PU3UYECKOM AHEPIHH,
CHIPKEHUY PA3BJIEKATEBHBIX UHTEPECOB U AKTUBHOCTHY,
YMEHBIIEHUH CEKCYAIbHOM AKTHBHOCTH, TEH/IEHIINU K Ha-
XOPKJIEHHUIO B OJJTHOYECTBE, COITUATIBHOM OTIYKIE€HHOCTH.

IIpyu noMomy KapThel ICUXUATPUYECKOI'O CKDUHHHIA Y
GONBIIUHCTBA (62%) OGIYYCHHBIX OIMPEACTUIN ITOBbI-
LIEHHBIM PUCK PA3BUTH TSKEJbIX IICUXUYECKUX PaAC-
CTPOMCTB. Pe3ynsraThl MCCAEAOBAHUN IIPU IIOMOILIM 3TOM
KAapPTBI TAKKE NMOATBEPANIN NTpeodnananue (p<0,01) He-
TATUBHOM CUMITTOMATHKH HAJT IIPOJYKTUBHOTI.

Wzyyenue PTSD nipy HOMOITH COOTBETCTBYIOINTHX IITKAJI TTO-
KAa3J10, 9TO OOCIEAOBAHHDBIE ITOCTPAJABIINE NEPEKIIN
BBIPAKECHHBIIN IICUXO3MOLMOHAIBHBIN CTPECC B CBA3U C
YepHOOBUILCKON KATACTPOMON: CPEAHNI 6AJUT TIO HIKAJIE
BOCIIOMMHAHUI O COGBITHH B rpytime | — 28 4+5.6, B rpyti-
ie [T — 34,6+6,7. OfMHAKO, 3TV BOCIIOMUHAHUS U BO3GY K/Ie-
HHE B CBA3M C HUMU 3aHUMAIOT BEJYILIEE MECTO B IICUXOIIA-
TONOTUHJIAIIL Y 8(119%) iy, iepenectmx OJIB, ny 22(27%)
JIMKBH/IATOPOB 1986—1987 I'T,, IPEHUMYIIECTBEHHO Y HE IO/~
TOTOBJICHHBIX K PA60TE B AKCTPEMAIBHBIX YCJIOBHSAX U ITPH-
HY/IUTEIBHO IPUHUMABIINX YYACTHE B JIMKBUIAIINH 110~
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tarily. Among other patients PTSD had no dominant
clinical value.

According to the Unmasking Depression Self-rating
Depression Scale (SDS) minimal to mild and mo-
derate to marked depression were revealed in
41(58%) ARS-patients and in 45(56%) liquidators of
1986—-1987, severe to extreme depression in 7(10%)
and 17(21%) patients correspondingly. Moreover,
according to the General Health Questionnaire
GHQ-28all examined survivors self-estimated their
mental and physical health as significantly worse
than usual.

The characteristic “floating” abnormal averaged
MMPI-profile with simultaneous raising of both
“neurotic” and “psychotic” scales was revealed in the
patients of groupsIand II. The MMPI-profiles of the
irradiated persons differ significantly from the pro-
files in the control groups (figures 1 and 2). The pa-
tients of groups I and II were distinguished by
strongly pronounced stress and personality dis-
adaptation associated with the signs of disintegra-
tion of the intellectual and emotional spheres. There
is the psychosomatic predisposition — hypochon-
driac and depressive symptoms were associated
with inert thought, dogmatism as well as caution
and even hostility in interpersonal contacts. Chronic
feelings of mental discomfort and diffidence, a re-
duction of general productivity, inferiority complex-
es were complicated with apathetic signs and so-
matic concern.

Thus, the MMPI-profile of the irradiated persons
testifies to the asthenic type of reactions together
with depressive experience complicated with hypo-
chondriac and paranoiac symptoms. Moreover, a

CJIEACTBUN aBapyu. B octaibHbIX anydasx PTSD He nmenu
JIOMHHHUPYIONIETI'O KIIMHUYIECKOIO 3HAYCHHS.

[IposiBIeHU AENPECCUHN (IO JAHHBIM MIKAJIBI CAMO-
OLIEHKH JIEIPECCUN ZUng) JETKOH U YMEPEHHOU CTeE-
MEHU BBIABIEHBI ¥ 41(58%) manueHTa, NeEPEHECIIETO
OJIB, u y 45(56%) nukBugaTopos 1986—1987 rr, BbI-
paxennnie — vy 7(10%) n 17(21%) 60JIbHBIX COOTBET-
CTBEHHO. Ha OCHOBaHNM aHAJIN3A PE3YIBTATOB OIIPOC-
HUKA 0011ero 310posbs GHQ-28 ycTaHOBIEHO, YTO
BCE MOCTPA/IABIINE OLICHUBAIOT COCTOSIHHUE CBOETO
ICUXHUYECKOTO U COMATUYECKOTO 340POBbs 3HAYU-
TEJIBHO XYK€ OOBIYHOTO.

ITaToncuxonornyecKre uCcienoBanya o MMPI y marjyen-
TOB Ipynl [ 1[I BBIABIJIN XaPaKTEPHBI “IIABAIONINE” TTATO-
JIOTHYECKUH MPO(MIIb JIMYHOCTU € TTOJ/bEMOM KaK IO “He-
BPOTHUYECKUM”, TAK U IO “IICUXOTUYECKHUM” IIKaIam. [1pu-
yeM nnpoduii MMPI TIalIMeHTOB STUX IPYIII CYIIECTBEHHO
OTIIMYAIMCH OT TAKOBBIX KOHTPOJIbHBIX IPYIIT (PUCYHKA 1
U 2). Y marueHToB rpymm 1 u I HaGmoaeTcst BhIPaKEHHBIN
CTPECC U JIC33/IAITTALIASA JITYHOCTH C IIPU3HAKAMU JC3UHTEC-
IPaLi UHTEIUIEKTYAIBHON U 9MOLIMOHAILHOM cpep. [Tpu-
CYTCTBYET IICUXOCOMATUYCCKAs! IIPCHUCITO3UIINST: CCHECTO-
UIMNOXOHPHUYIECKAA U ACTTPECCUBHASA CHMITTOMATHKA COYETA-
€TCsA C MTHEPTHOCTBIO MBIIUICHUS, TOTMATU3MOM, 4 TAKKE OC-
TOPOKHOCTBIO U JJAXKE BPAKACOHOCTBHIO B MEAIMIHOCTHBIX
KOHTAKTaX. XPOHUYECKH CYITIECTBYIOIIEE OLTYIIEHHE JyIIEB-
HOTO JUCKOM(OPTA M HEYBEPEHHOCTH, CHIDKCHHE OOIICH
NPOAYKTUBHOCTH, KOMITIEKC HEITOJTHOLIEHHOCTH OCIIOMKHS-
€TCsl TIPOABICHUAMH AIATUU M COCPEIOTOYEHHOCTBIO Ha
CBOEOOPA3HBIX COMATUYIECKUX XKATIOOAX.

ITpoduiib tmaHOCTH 110 MMPI y OO/Iy4EHHBIX XAPaKTe-
PHU3YET ACTEHUYECKUH TUIT PEATUPOBAHMSA C JICTTIPECCHB-
HBIMU MEPEKUBAHUAMH, YCIOKHEHHBIN UITOXOH/IpUYe-
CKHUMH 1 TaPaHOMSUIBHBIMU BKIIOUEHUSAMU. Kpome Toro,

FIGURE 1. AVERAGED MMPI-PROFILES OF THE ARS-PATIENTS (GROUP I) AND LIQUIDATORS (GROUP II)
COMPARATIVELY WITH THE NORM (CONTROL GROUP A)

PUCYHOK 1. YCPEAHEHHBIE NMPO®WAN MMPI'Y 1AL, NEPEHECLUWX OB (FPYMNA 1), N TMKBUAATOPOB (FPYMMA 1)
M0 CPABHEHWIO C HOPMOIA (KOHTPOJIbHASA TPYINA A)
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FIGURE 2. AVERAGED MMPI-PROFILES OF THE IRRADIATED PERSONS (GROUPS | AND [1) COMPARATIVELY WITH THE NORM
(CONTROL GROUP A) AND THE PTSD CONSEQUENCES (CONTROL GROUP B)

PWUCYHOK 2. YCPELHEHHBIE NMPO®UNV MMPI OBJTYSEHHBIX JIAL, (TPYMMbI | 1A 1) NO CPABHEHIO C HOPMOW (KOHTPOMBHAS TPYMMA A)
N MOCNEACTBUAMI PTSD (KOHTPOJTbHAA FPYMNA B)
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significant increase (£ <0.01) in schizophrenia, hy-
pochondria, paranoia, epilepsy and odd sensoric
perception MMPI-scales together with a decrease
of the personality “nucleus” power and intelligence
quotient scales were revealed. These MMPI-scales
deviations correlated feebly with the value of irra-
diation dose (r=0.12-0.25, P<0.05) at the force of
factor (dose of irradiation) influence n?=0.19-0.34,
P<0.01.

The results of correlation analysis between age,
absorbed dose and mental health are shown in ta-
ble 6. The neurotic symptoms have no significant
correlation with dose and age. Some symptoms
(e.g. aggression), on the contrary, decreased pro-
portionally to an increase of the dose. At the same
time such symptoms as lack of interest and initia-
tive, alogia and, particularly, inattentiveness corre-
lated with both age and dose. Social and emotion-
al withdrawal, affective flattening, anhedonia—
asociality, suspiciousness, motor retardation,
unusual thought content, as well as the sum-
marised BPRS-score correlated with the absorbed
dose more strongly (r=0.3-0.5) than with age
(r=0.14-0.34).

The schizophrenia-like psychopathology (un-
changing facial expression, paucity of expressive
gestures, poor eye contact, affective nonresponsive-
ness, lack of vocal inflections, poverty of content of
speech, increased latency of response, physical
anergia, reduction of recreational interest and ac-
tivities, decrease of sexual interest and activity, ten-
dency to be alone, social withdrawal) dominate
(P<0.05) following irradiation at the dose 0.3—
0.5 Gy and more. At the same time affective and so-
matoform symptoms (anxiety, depression, irritabi-

3Hy 4Pd 5Mf 6Pa 7Pt 8Sch 9Ma 0Si

BbIABJICHBI 3HAaUUTE/IbHBIC (P<0,01) NOBBIIECHMS ITOKA34-
TEJIEN MIKAJT IMU30(PPEHNN, UTTOXOHPUH, TAPAHOMHN, SITH-
JIETICUM U TIPHUYIYUIMBOCTH CEHCOPHOT'O BOCHPUATHA ITPU
CHWKEHUH 3HAYEHUI KT CWIBI “AApa” JMIHOCTU U UH-
TEJUIEKTYIBHOI'O KO3 duiieHTa. OTKIOHEHMS 10 3TUM
mKaaam MMPI umenu ci1ab0 BbIPAKEHHBIE CBSA3U C BEJIU-
YHHOM 03k 00ydeHus (1=0,12-0,25, p<0,05) nipu cuiie
BIMAHUA (pakTOopa (AO3BI 06aydYeHus1) n*=0,19-0,34,
p<0,01.

Pe3ynsraTel KOPPEIALIMOHHOIO aHAIN3A MEXKY BO3PACTOM,
TIOIVIOIIEHHOM JIO30M U TTOKA3ATEISIMH IICUXUYECKOTI'O 3/10-
POBBSI IPUBE/ICHBI B Ta6HTIE 6. CUMITTOMBI HEBPOTHYCCKO-
I'O PETUCTPA HE UMEIN JOCTOBEPHOM CBA3U C BETMYNHOM
JIO3bI OOJTy4EHMA ¥ BO3PACTOM. HEKOTOPBIE CUMITTOMBI (ar-
PECCHBHOCTS) [TO MEPE YBEITMYCHIS JIO3bI OOTyYEHUSL, HA000-
POT, YMEHBITAIMCE. TAKUE CUMITTOMBI, KAK HEZIOCTATOK HH-
TEPECOB Y UHUITUATUBDL, A7I0THsI M, OCOOEHHO, CHIDKEHUE
BHHMAHUSA 3aBUCEITH KAK OT BO3PACT4, TAK 1 OT JIO3bI OOJTyde-
HYs1. COLTMATIBHOE U AMOIMOHAIBHOE OTUYXKICHHE, apPeK-
TUBHOE YIUIOMEHUE, AHT€/IOHUA—ACOLMATBHOCTb, TOJIO3PH-
TEJILHOCTB, IBUTATENIbHAA 3ATOPMOKEHHOCTD, HEOOBIYHOE
COAEPKAHNE MBIIIUIEHHS, A TAIOKE OO OAJI ICUXUATPU-
YECKHX CUMITTOMOB UMEJIM 60JIEE TECHYIO CBA3b C JJO30H 00-
snygenus (1=0,3—-0,5), yeM ¢ BozpacToMm (r=0,14-0,34).

Tocne obnyyenwyst B 103ax 0,3—0,5 I'p 1 605ee npeodnagact
(p<0,05) mm3opopMHAA HETATUBHASA IICUXOIATOJIOTYECKAS
CHUMITTOMATHKA (I‘I/IHOMI/IMI/IH, MAJIOYNCIICHHOCTD BbIPA3M-
TEIbHBIX KECTOB, OC/THBIF KOHTAKT TV1a3aMU, A)(PEeKTUBHASI HE-
OT3BIBYMBOCTD, HEZIOCTATOUHOCTh MOJIYJISIITUEL TOJIOCA, OE/I-
HOCTb COJIEPKAHIIS PEUH, YBEJIMUEHHE JIATCHTHOCTH OTBETOB,
(bUBHYECKAs AHEPTHST, CHIDKCHHE PA3BIICKATE/IbHBIX MHTEPE-
COB 1 AKTUBHOCTH, YMCHBITICHHC CCKCYZUII:HOIZ AKTHBHOCTH,
TEHJICHITHSA K HAXOXKCHUIO B OJJMHOYECTBE, COITUATIBbHAS OT-
YY)KICHHOCTD). B TO 2K€ BpeM: y JIMKBUJATOPOB, OOJTy4CHHBIX
B103ax MeHee 0,3 I'p, ipeodnanaet (p<0,05) adppekruBHAsA 1
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TABLE 6
LINEAR CORRELATION COEFFICIENTS BETWEEN THE AGE, ABSORBED DOSE OF IRRADIATION AND PSYCHOPATHOLOGICAL SYMPTOMS
TABJIULA 6
KO3ODULIMEHTbI JIMHEAHOW KOPPENALIMA MEXY BO3PACTOM, NMOMMOLLEHHON 00301 OBJTYYEHUA
N CXONATONOMNYECKMI CUMNTOMAMM
Symptom Age P Absorbed dose P
Lack of interest and initiative 0.22 <0.05 0.23 <0.05
Social withdrawal —0.12 >0.05 0.26 <0.05
Aggression 0.09 >0.05 —-0.26 <0.05
Affective flattening 0.21 <0.05 0.36 <0.01
Alogia 0.46 <0.01 0.51 <0.01
Avolution—apathy 0.22 <0.05 0.12 >0.05
Anhedonia—asociality 0.34 <0.01 0.46 <0.01
Inattentiveness 0.56 <0.01 0.43 <0.01
Somatic concern -0.23 <0.05 —-0.31 <0.01
Anxiety -0.20 <0.05 -0.29 <0.05
Emotional withdrawal 0.21 <0.05 0.46 <0.01
Tension -0.06 >0.05 0.03 >0.05
Suspiciousness 0.05 >0.05 0.26 <0.05
Motor retardation 0.19 <0.05 0.32 <0.01
Unusual thought content 0.08 >0.05 0.22 <0.05
Blunted or inappropriate affect 0.16 <0.05 0.41 <0.01
Excitement -0.07 >0.05 -0.18 <0.05
Summarised BPRS-score 0.14 <0.05 0.40 <0.01
Depression (SDS) 0.17 <0.05 0.06 >0.05
Impact of Events Scale (IES) (PTSD) -0.10 >0.05 0.16 <0.05
Arousal Scale of PTSD (IDA) -0.08 >0.05 -0.21 <0.05
GHQ-28 0.02 >0.05 0.05 >0.05

lity, somatic concern) prevail (P <0.05) in the liqui-
dators irradiated at the dose less than 0.3 Gy.

Thus, at the ARS remote period and in the liquida-
tors of 1986—1987 organic brain damage has been
forming. Apathetic-abulic endoformous brain or-
ganic syndrome prevails among the liquidators (in-
cluding the ARS-patients) irradiated at doses of 0.3—
0.5 Gy and more while cerebrasthenic syndrome or
cerebrasthenic and dysthymic variants of brain or-
ganic syndrome predominate among the liquida-
tors irradiated at doses less than 0.3 Gy.

Mental and behavioural disorders according to the
ICD-10 criteria in the examined survivors are pre-
sented in table 7.

Spontaneous and evoked brain electrical
activity

As a result of visual and computerised EEG analyses
we revealed the following patterns of brain electri-
cal activity (table 8). The EEG-patterns with inter-
hemispheric asymmetry and paroxysmal activity as
discharges of acute and slow waves and “spike—
wave” and “polyspike—wave” complexes were
characteristic fo the irradiated persons.

The EEG-patterns of irradiated patients differed sig-
nificantly from the control groups. Normal EEG-pat-
terns were absent in the ARS-patients. The EEG-pat-
terns with interhemispheric asymmetry, particularly
the lefthemispheric EEG-patterns with lateralisation
of abnormal activity towards the left brain hemisphere
predominated in the patients of groups Iand II.

CcoMaTO(POPMHAST CUMITTOMATHKA (TPEBOT4, ICTIPECCHSL, Pa3-
JIPKUTEIBHOCTD, COMATIYECKAST 03A00YEHHOCTD ).

Taxkum 0Opa30M, y NALMEHTOB B OTJAJIEHHBIN IIEPHOJ,
OJIB u y TUKBUIATOPOB 1986—1987 T hopMUpyercs
OPraHUYECKOE MOPAKEHUE I'OJIOBHOIO MO3ra. ITpuyeM, y
JINKBHIATOPOB, OOJIYYEHHBIX B Jl03ax 6oisee 0,3—0,5 I'p
(Bmouas ut, nepenecmux OJIB), mpeo61ajaeT anaTo-
A0YIIMYECKUH 9HJO(POPMHDBIN ICUXOOPrdHUYECKUIT CUH-
JIpoM, B 1o3ax MeHee 0,3—0,5 I'p — 11epebpacTeHUYeCKU
CHUH/POM WU JUCTUMHUYECKHUE WIH 1IepebpacTeHUYE-
CKHE BAPUAHTBI ICUXOOPTaHUYECKOT'O CHHAPOMA.

CrpyKrypa IICUXUYECKHUX U IIOBEICHUYCCKUX PACCTPOUCTB
y OOCIEIOBAHHBIX NOCTPAAABIINX 1O KpuTepusam MKB-10
MPUBE/ICHA B TA6IMIIE 7.

CITOHTAHHAS U BBI3BAHHAS ANIECKTPHICCKAA
AKTHBHOCTB I'OJIOBHOTI'O MO3T1a

B pesynsrare BU3yaIbHOTO M KAPTOIPA(PUIECKOIO aHA-
Jm3a OO ObUIH BBIABIEHBI CJIEAYIONINE MTATTEPHBI OHO-
IEKTPHUYECKOHN AaKTHBHOCTH I'OJIOBHOI'O MO3I'4 (Ta6/1111A 8).
VY 061y4EHHBIX JIUL IPEOOIaaoT OO ¢ MexIonymap-
HOM ACUMMETPUEH U ITAPOKCUZMAIILHOM AKTUBHOCTBIO B
BU/IC PA3PAJOB OCTPBIX U ME/UICHHBIX BOJIH ¥ KOMIUIEK-
COB “IIMK—BOJIHA” WX “TIOJTUIIUK—BOJIHA”.

DOT-narrepHbl O6JIYYEHHBIX JIULL 3HAYUMO OTJINYAIOTCS
OT KOHTPOJIBHBIX I'PYIIL Y ITAIIMEHTOB, riepeHecmx OJIB,
HOPMaJIbHBIC DO -ITATTEPHBI OTCYTCTBYIOT. Y IAIIUEHTOB
I n Il rpyni npeo6aazaioT DT ¢ MEXKITONYIIAPHON ACUM-
METPHUEH, OCOOCHHO — JIEBOIIOYILIApHBIE DOI-T1aTTep-
HBbI CJIATCPAIN3ALNCH ITATOJIOTUYECKOM AKTUBHOCTH B JIE-
BYIO remuc@epy Mosra.
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MENTAL AND BEHAVIOURAL DISORDERS ACCORDING TO THE ICD-10 CRITERIA IN THE ARS-PATIENTS

AND THE LIQUIDATORS OF 19861987

CTPYKTYPA NCUXWUYECKIX PACCTPOICTB Y AL, MEPEHECLUWX ONB, WY NNKBUOATOPOB 1986-1987 rr.

M0 KPUTEPUAM MKB-10

TABLE 7

TABJINLA 7

Mental and behavioural disorders ICD-10 code Group | (n=70) Group Il (n=80)
ORGANIC, INCLUDING SYMPTOMATIC, MENTAL DISORDERS: FO0-F09 62(88%) 59(74%)
e  With cerebrasthenia dominance F06.6 8(11%) 27(34%)
e With brain organic syndrome dominance: FO7;F06 54(77%) 32(40%)
Cerebrasthenic type F06.7 11(16%) 8(10%)
Dysthymic type F06.3 9(13%) 5(6%)
Apathetic-abulic type F07.0 21(30%) 6(7%)
Paranoid type F06.2 6(9%) 6(7%)
Explosive type F07.8 2(3%) 4(5%)
Dementia type F02.8 5(7%) 3(5%)
SCHIZOTYPAL DISORDER F21 9(13%) 12(15%)
ENDURING PERSONALITY CHANGE AFTER CATASTROPHIC EXPERIENCE F62.0 8(11%) 22(27%)
SOMATOFORM DISORDERS F45 9(13%) 15(19%)
DYSTHYMIA F34.1 7(10%) 10(12%)

Note. Total rate of mental disorders is more 100% because of sometimes a patient was diagnosed with more one disorder (comorbidity).
lpumeyarme. 06LLasn YacToTa NCUXMYECKIUX paccTpoiicTs npesbilwaeT 100% (B HEKOTOPBIX Cy4asX y OBHOMO 60MbHOr0 ANarHOCTMPOBany 6oNee 0AHOM0

paccTpoiicTsa).
TABLE 8
EEG-PATTERNS AMONG THE EXAMINED PERSONS
TABJIULA 8
93r-NATTEPHbI Y OBCEAOBAHHbIX
EEG-pattern Group | (n=70) Group Il (n=80) Group A (n=15) Group B (n=15) Group C (n=20)

Organised with o—activity dominance 0 22(27%)* 12(80%)* 6(40%)* 12(60)*
Hypersynchronic 7(10%) 7(9%) 3(20%) 2(13%) 4(20%)
Flat polymorphous 58(83%) 55(69%) 0* 5(33%)* 2(10%)*
Disorganised with o—activity dominance 2(3%) 10(12%) 0 1(7%) 2(10%)
Disorganised with 5—activity dominance 3(4%) 8(10%) 0 1(7%) 0
Laterality of abnormal activity:
— bilateral 14(20%) 6(7%) 3(20%) 4(27%) 3(15%)
— |efthemispheric 40(57%) 25(310/0)* — 1(60/0)* 2(100/0)*k
— righthemispheric 16(23%) 27(35%) — 4(27%) 3(15%)

Note. * — probability P<0.001 relatively to the group | according to the Xz criterion.
Tpnumedarne. * — BepoaTHOCTb p<0,001 B CpaBHEHMU C FPyNMoii | No Kputepuio XZ.

Flat polymorphous EEG-pattern with diffusive
A- and B-power predominantly in the fronto-tem-
poral areas lateralised to the left, dominating, hemi-
sphere together with paroxysmal activity against a
background of low-voltage (10—-25 mV) EEG was
characteristic for the irradiated patients. In addition
to the flat EEG disorganised EEG-patterns were also
typical for the irradiated persons. The disorganised
EEG-pattern with a-activity distinguished with dis-
organised high-voltage a-activity dominating
throughout the brain increased amplitude of B-ac-
tivity, diffusive 8- and A-activity of quite high am-
plitude together with bilateral paroxysmal activity.
The disorganised EEG-pattern with 8- 1 A-activity
characterised by decreased a-activity against a back-
ground of high- or middle-amplitude dysrhythmic
EEG. These EEG-patterns testify to organic brain
changes and sometimes increased seizure readiness
of the brain.

V 06/ 1y4€HHBIX JTULL JOMUHUPYET TTIOCKHANA ITOTUMOP(MHBIN
THI OOI ¢ TP Py3HBIM TPEOOIATAHIEM A- U B-ANATTA30HA,
OCOOEHHO B JIOOHO-BUCOYHBIX OOJIACTSIX C JIATCPAINU3ALIM-
€1 BJIEBOE, JOMHUHUPYIOIIEE, ITOIYIIAPHE B COYETAHNUH C I1d-
POKCHU3MAIBHOIN aKTUBHOCTBIO HAa (POHE HU3KOAMIUTUTY/I-
HOI (10—-25 MKB) “tutockoit” 93T KpoMe MI0CKOM HOIN-
MOPhHOM DOT Y1 O6JIyYEHHBIX JIULL XAPAKTEPHDI JIE30D-
raHru30BaHHbIE DOT: 1) ¢ IpeobIaITaHUEM 0-AKTUBHOCTHU
OTJIMYAETCS JE30PIaHU30BAHHONU BBICOKOAMIUIUTYLHOM
0-aKTUBHOCTBIO, IOMUHUPYIOMIEH BO BCEX OTIEIAX MO3I4,
YCHUJIEHHOH TI0 AMIUIUTYAE [-aKTHUBHOCTBIO, UM PY3HON
6- 1 A-aKTHUBHOCTBIO, JIOCTATOYHO BBICOKOH AMIUIUTY/bI B
COYETAHUH C OMIATEPATTBHOM ITAPOKCU3MATIbHOM AKTHBHO-
CTBIO; 2) € IpeobafaHueM - 1 A-aKTHUBHOCTH XaAPAKIEPU-
3yeTcst J1a60M BBIPAKECHHOCTBIO 0 -AaKTHBHOCTH Ha (poHE
JU3PUTMHUYHON HEPEry/IsIPHOM DOI' BBICOKOM WM CPEIHEN
AMIUIATY/ABL OTH OO -ITATTEPHBI OTPAKAIOT OPTAHUYECKHE
M3MEHEHMS TOJIOBHOI'O MO3T4, 4 B PSJIE CJIy9aeB — ITOBbI-
IICHUE CYIOPOKHOM I'OTOBHOCTH MO3I'A.
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The degree of brain bioelectrical activity disturban-
ces (the integral index of EEG-deviations of EA. Zhir-
munskaja (1991)) is directly proportional to the
value of absorbed dose (r=0.41;P<0.05) and the age
of a patient at the time of examination (r=0.2;
P<0.05). Thus, brain electrical activity disturbances
in ARS-patients and liquidators of 1986—1987
caused sufficiently by the aftermath of radiation
exposure to the CNS.

Spectral analysis of brain electrical activity gave the
characteristic EEG-pattern for the irradiated pa-
tients: a simultaneous increase of A-(1-4 Hz) and
B-(>12-32 Hz)-power together with a decrease of
6-(>4-7 Hz) and a-(>7-12 Hz)-power (figure 3).
This EEG-pattern was characteristic for both the
ARS-patients and the liquidators of 1986—1987 who
had not been diagnosed with ARS. However, the
EEG-patterns of the patients of group I differ from
those on group Il with increased A-power, particu-
larly in the left fronto-temporal region, and more
depressed of 8-power. This EEG-pattern of the irra-
diated patients testifies to structural and functional
changes of the brain predominantly in the fronto-
temporal cortex (particularly in the left, dominating,
hemisphere) and the limbic-reticular-diencephalic
complex.

A dose—effect relationship for the EEG-parameters
was observed in the liquidators of 1986—-1987 (fi-
gures 4 and 5). Irradiation at a dose of more than
0.3 Gy caused an increase (P<0.001) of A-power and
a decrease of a-power. The duration of irradiation
(work at the exclusion zone) did not influence these
EEG-parameters.

CreneHb HapyHIEHNI ANIEKTPUYECKON AKTUBHOCTH IT'OJIOBHO-
IO MO3r'd (MHTEI'PAJIbHBII ITOKA3aTE/Ib DOI-OTKIOHEHHHI
EA JKupmyHCkoi (1991)) IpsiMO NPOHOPLIMOHAIEH BEJTHYH-
HE IOIVIOLIEHHO! J103b1 00iydeHus (1=041; p<0,05) 1 Bo3pac-
Ty GOJIBHOTO HA MOMEHT 06¢71e/IoBaHI (1=0,2; p<0,05). Takum
00PAa30M, HAPYIIECHUS 1IEPEOPATHHOM AIEKTPUIECKON aKTUB-
HOCTH I'OJIOBHOI'O MO3Ia y JivL, TiepeHecix OJIB, 1y IMKBU-
JaTOpOB 1986-1987 I': BIOCTATOYHOM CTEIICHU OOYCJIOB/ICHBI
TOUIEICTBUAMHU PA/TMAITMOHHOIO BOgAercTBrA HA LTHC.

B pesynsrare ClieKrpabHOIO aHAIN3a OUO3JIEKTPUYECKOM
AKTUBHOCTH I'OJIOBHOI'O MO3I'd BBIABJICH XAPAKICPHBINI
DOI-naTTepH 1151 OOy YEHHBIX JINLL; OTHOBPEMEHHOE YBEIIU-
YEHUE CIEKTPATBHON MOITHOCTH A- (1-4 I11) 1 B-auanazo-
HOB (>12-32Iiy) ripu cHrpKkeHuu 6- (>4—7 I11) 1 a-auaraso-
HOB (>7—121I11) (prUCyHOK 3). JJaHHbBIT DO -IaTTepH ObLT X4~
PAKTEPHBIM KAK 1A ITAIUEHTOB, iepenecx OJIB, Tak 1 it
JMKBUIATOPOB 1986—1987 1T, y KOTOPBIX Ariarto3 OJIB yc-
TAHOBJIEH HE ObUL OHAKO OII'y TAIMEHTOB I'PyHIbl 1 oT1-
JIMYAJIMCh OT TAKOBBIX I'PyHIIbI II 60JIBIIEH CHEKTPATBHOMN
MOITTHOCTBIOA-TUATIA30HA, OCOOEHHO BJIEBOM JIOOHO-BHCOY-
HOM O0J1ACTH, ¥ OOJIBIIEH ACTIPECCHUEN 0-11ATIa30HA. BbIsiB-
JIEHHBII XapaKTEePHBIH DO -MTATTEPH y OOIYYEHHBIX JIUI OT-
PaKAET CTYKTYPHO-(PYHKLIIMOHAIBHBIC U3MCHEHUSA T'OJIOBHO-
IO MO3ra HPEUMYIIECTBEHHO BO (PPOHTO-TEMITOPAILHOMN
KOpe (OCOOEHHO B JIEBOM, IOMUHUPYIONIEM, TTOJIYIIIAPUN) 1
BJIMMOUKO-PETUKY/IIPHO-TUHIIE(DAUTEHOM KOMIUIEKCE.

ITpocnexeHa 3aBUCUMOCTbD “103a—a3apdexT” it DOI-na-
PaMEeTPOB Y JIMKBUAATOPOB 1986—1987 rT. (PUCYHKH 4 1
5). Tak, npu BO3ACHUCTBUM JJO3 06ydenus 6oiee 0,3 I'p
ysesnmuusaercs (p<0,001) crnexrpanbHas MOIIHOCTb
A-TMATIa30Ha ¥ YMEHDBIIACTCA — A-Auara3oHa D01, 4To He
3aBUCUT OT JUIMTEJILHOCTHU OOIy4eHUs (PaboT B 30HE OT-

UYIKICHUA).

FIGURE 3. RESULTS OF COMPUTERISED EEG — TOTAL SPECTRAL POWER OF EEG MAIN RANGES
PUCYHOK 3. PE3YJIbTATbI KOMMBKITEPHOI 931 — CYMMAPHAS GMEKTPAITbHAS MOLLHOCTb OCHOBHBbIX [IVIAMA30HOB 331

Total spectral power (%)

70 1 M ARS .
HE Liquidators of 1986-1987
60 4 OPTSD
O Cerebrovascular pathology
50 - O Healthy
40 1
T
30 4 J‘
20 | * kK rHx eex
T
T T
10 4 T <
0 - T T T ]
Delta Theta Alpha Beta

Note. Probabilities comparatively with group I: * — P<0.05, ** — P<0.01, *** — P<0.001.
[Tpumeyarme. BeposATHOCTb pasnunynid No CpaBHeHWto ¢ rpynnoi I: * — p<0,05, ** — p<0,01, *** — p<0,001.
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FIGURE 4. TOTAL SPECTRAL POWER OF EEG MAIN RANGES IN THE LIQUIDATORS OF 1986-1987 WHO HAD BEEN WORKING

IN THE EXCLUSION ZONE FOR A SHORT TERM PERIOD DEPENDING ON THE DOSE

PUCYHOK 4. CYMMAPHAS CMEKTPAJIbHAA MOLLIHOCTb OCHOBHbIX AVAMNA30HOB 331 V JIMKBOATOPOB 1986-1987 rr.,
PABOTABLLINX B 30HE OTHY>XXAEHWA KPATKOBPEMEHHO, B 3ABUCMMOCTW OT 103bI OBJ/TYHEHUA
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FIGURE 5. TOTAL SPECTRAL POWER OF EEG MAIN RANGES IN THE LIQUIDATORS OF 1986-1987 WHO HAD BEEN WORKING

IN THE EXCLUSION ZONE FOR A LONG TERM PERIOD DEPENDING ON THE DOSE

PUCYHOK 5. CYMMAPHAA CNEKTPA/TbHAA MOLLHOCTb OCHOBHbIX AVAMA30HOB 33T Y JINKBWOATOPOB 1986-1987 .,
PABOTABLLVNX B 30HE OTHY>XXAEHWA AO/TOBPEMEHHO, B 3ABUCUMOCTW OT [O3bI OBJIYHEHNA
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Long term work (3—5 and more years) at the ex-
clusion zone at irradiation at doses less than
0.3 Gy increased (P<0.05) A-power (figure 6), and
at doses of more than 0.3 Gy increased (P<0.05)
B-power (figure 7).

A linear dose—effect relationship was estab-
lished for A-power in the left temporal region T,
(figure 8).

t=-4.90
P<0.001

Alpha Beta

JlonroBpeMeHHas paboTa B 30HE OTUYKIEHUA (3—5 JIET U
6oee) npu gozax meHee 0,3 I'p BisieT (p<0,05) Ha yBemye-
HUE CIIEKTPATHOM MOITHOCTUA-IHATTa30Ha DOI (PUCYHOK ),
a ripu 103ax 6osee 0,3 I'p BusieT (p<0,05) HA yBETMUCHHE
CHEKTPATIBHON MOIITHOCTH (-1arta3oHa O30 (PUCYHOK 7).

YCTaHOBIEHA TUHEHHAS 3aBUCUMOCTBD “103a—3(PPeKT”
JUIA CHHEKTPAIIbHON MOIITHOCTU A-/Tnana3zoHa OO1 B 1eBon
BUCOYHON 00macTh — T (PUCYHOK 8).
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FIGURE 6. TOTAL SPECTRAL POWER OF EEG MAIN RANGES IN THE LIQUIDATORS OF 1986-1987 IRRADIATED IN DOSES LESS THAN 0.30 Gy
DEPENDING ON THE WORK DURATION IN THE EXCLUSION ZONE

PUCYHOK 6. CYMMAPHASA CMEKTPAJIbHAA MOLLIHOCTb OCHOBHbIX AVAMA30HOB 33I" V JINKBIOATOPOB 1986-1987 rr.
B 3ABMCUMOCTW OT AJIMTENBHOCTW PABQOT B 30HE OTHYXKAEHWA NP OBJIYHEHI B JO3AX MEHEE 0,3 I'p
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FIGURE 7. TOTAL SPECTRAL POWER OF EEG MAIN RANGES IN THE LIQUIDATORS OF 19861987 IRRADIATED IN DOSES MORE THAN 0.30 Gy
DEPENDING ON THE WORK DURATION IN THE EXCLUSION ZONE

PUCYHOK 7. CYMMAPHAS CMEKTPAJIbHAA MOLLIHOCTb OCHOBHbIX AVAMA30HOB 33r" Y JINKBIOATOPOB 1986-1987 rr.
B 3ABUCMOCTW OT AJIATESIbHOCT PABOT B 30HE OTHY>XXIAEHWA NP OBNTY4EHII B 103AX BOJEE 0,3 p
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Analysis of brain bioelectrical activity with the help
of deflection factors clearly demonstrated signifi-
cant differences between irradiation aftermath and
well-known neuropsychiatric pathology (figure 9).
After irradiation A- and B-power dramatically in-
creased, significantly more than at chronic cere-
brovascular pathology (DEP) and PTSD conse-
quences. At the same time 8-power deflection from
the mean norm in irradiated persons was diametri-
cally opposite compared with both DEP and PTSD.
A development of cerebrovascular pathology and
PTSD is associated with an increase of 6-power
(which is generated in the hippocampus), howev-
er irradiation provoked a depression of this

Alpha Beta

AHAIN3 3JIEKTPUYECKON AKTHUBHOCTU I'OJIOBHOI'O MO3I'd
PH IOMOIIU KO3(P(PUITUEHTOB OTKIOHEHUH IPOIEMOH-
CTPUPOBAJI 3HAYUTENBHBIE PA3INYNA MEKTY TTOCIENCTBH-
AMU OOTY4EHMA U U3BECTHON HEUPOIICUXUATPUUECKON
aTOJOrHUEH (PUCYHOK 9). [Tocsie 06ydeHMs JIOCTOBEPHO
YBEITMYUBAETCSA CIIEKTPAIbHAA MOIITHOCTBA- 1 B-11a11a3o-
HOB — 3HAYUTEIBHO GOJIBIIE, YEM IIPU XPOHUYECKOM 11€e-
PEOGPOBACKYIAPHON MATONOTUH ([IDIT) 1 MOC/IEICTBUAX
ricuxosiorudeckoro crpecca (PTSD). B o »xe Bpemsi OTKIIO-
HEHU MOKA3aTeNe 0-1rana3oHa y OO6Jy4eHHbBIX NMEN
NPOTUBOIOJIOKHBIN XapaKTeP IO CpaBHEHUIO ¢ JIDIT n
PTSD. Eciin passurtue I9IT u PTSD cOnpoOBOXAAETCS yBE-
JIm4eHueM B-1uara3oHa (KOTOPbIA I€HEPUPYETCs B I'UII-
MOKAMIIE), TO MOCJIE OOIy4EHNU BO3HHUKAET JENPECCHSA
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FIGURE 8. LINEAR DOSE—EFFECT RELATIONSHIP FOR A-POWER IN THE LEFT TEMPORAL REGION (T,) DEPENDING ON THE ABSORBED DOSE VALUE

PUCYHOK 8. 3ABVICVIMOCTb CMEKTPASIBHOM MOLLUHOCTU A-[IAMA3OHA 33T B JIEBOI BUCOYHOI OBJIACTI (T,)
OT BEMUYMHbI NOrNOLLEHHOR A03bI OBTYYEHNS

A-power in T,(%) = 37.2+3.8°Dose (Gy)

A-power in T,(%) Correlation: r = 0.24, P<0.05
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FIGURE 9. DEFLECTION FACTORS VALUES (%) OF TOTAL SPECTRAL POWER OF EEG MAIN RANGES
PUCYHOK 9. 3HAHEHNS KOI®OULIMEHTOB OTKIMOHEHIA OT HOPMbI (%) CYMMAPHOV CMEKTPANIbHOI MOLLHOCTIA OCHOBHBIX AMAMA30HOB 331
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EEG-range that also confirms pathology of the lim-  3TOro JuamnazoHa, 4To TAKKE MOATBEPKAAECT MATOJIOIHIO
bic system as a characteristic sign of postradiation  JTUMOHUYECKON CUCTEMBI KAK XaPAKTEPHOI'O MPOSIBJICHUS
brain damage. HOCTPAANALMOHHOIO HOPAXKEHUS TOJIOBHOTO MO3I'A.
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Checkerboard reversible pattern VEP and their pa-
rameters’ topographic distribution in irradiated pa-
tients differed significantly from the norm. P, ,, am-
plitude increased and its latency decreased; N5
and P, latencies were delayed mainly as a result
of deformation of the latest VEP components (ta-
ble 9).

ITpu nccnegopanuu 3BITIIIT y 06s1ydeHHBIX JIML, OOHA-
PYKEHBI CYHIECTBEHHDBIE OTKJIOHEHUSA AMIUTUTYJHO-BPE-
MEHHBIX ITAPAMETPOB. YCTAHOBJIEHO JJOCTOBEPHOE YBEJIH-
YCHHE AMIUIUTY/] U COKpateHue JIIT OCHOBHOI'O KOMIIO-
HEHTA Py, a4 TAKXKE 3aMe/[JICHUE KOMIIOHEHTA N ,5 U
MO3/THETO KOMIIOHEHTA P\, MPEUMYIIIECTBEHHO 34 CUET
JiecbopManiiv MO3AHUX KOMITOHEHTOB (Ta61111a 9).

TABLE 9
AMPLITUDES AND LATENCIES OF VISUAL EVOKED POTENTIALS
TABJINLA 9
AMNIUTYOHO-BPEMEHHBIE MAPAMETPbI 3PUTESIbHbBIX BblI3BAHHBIX NOTEHLIATIOB
Index Group | (n=70) Group Il (n=80) Group A (n=15) Group B (n=15) Group C (n=20)
VEP, latency, ms
P100 02 82.0+1.1 89.2+1.1** 96.8+1** 102.6+1.2** 88.8+1.5%
N14502 128.1+1.5 138.2+1.5** 147.0+1.6** 158.0+1.4** 140.0£1.3**
Paoo 02 237.3+1.7 2214417 208.0+1.6*~ 221.041.4*~ 187.0£1.6"*
VEP, amplitude, pV
P100 02 4.2+0.1 3.2£0.2** 2.6+0.1** 3.6+0.1* 3.6+£0.2
N14502 7.640.1 5.6+0.3* 4.2+0.1** 5.2+0.2* 4.2+0.2*
P20002 5.9+0.2 4.9+0.3* 5.6+0.3 4.6+0.3* 5.5+0.4

Note. Probabilities comparatively with the group I: *— P<0.05, ** — P<0.01.

[pnmedarne. BepoSTHOCTb Pas3nuyuii No cpaBHeHuto ¢ rpynnoi I: * — p<0,05, ** — p<0,01.

VEP deformation could testify to organic changes
in the brain. VEP acceleration and an increase of
their amplitude testify to an increased readiness of
the brain for paroxysmal states. Taking into account
an absence of visual nerve damage it is possible to
suppose that this VEP-pattern is associated with ir-
ritation of the diencephalic-limbic-reticular struc-
tures together with disorders of sophisticated cor-
tical-subcortical processes of sensoric information
processing.

Relative risks (RR) of neurophysiological abnormal-
ities analysis has shown that ARS increases by 5 times
the risk of development of brain functional organi-
sation disorder, work in the exclusion zone in
1986—-1987 — by 3.65 (the long term work — al-
most 4 times), whereas chronic cerebrovascular pa-
thology and PTSD — 3 and 2 times corresponding-
ly (figure 10).

Contribution analysis allows calculation of the contribu-
tion of the main factors influencing the brain’s electrical
activity after irradiation. The force of influence of the irra-
diation dose on an increase of A- and B-power of EEG is
48% (F=25.2; Fps=4.0, P<0.05) and 22% (F=6.5; F,s=4.0;
P<0.05) correspondingly and upon an decrease of 6-and
a-power —44% (F=21.3;F,s=4.0;P<0.05) and 26% (F=9.5;
Fos=4.0; P<0.05) correspondingly The force of influence
of the duration of work at the exclusion zone on an in-
crease of B-power is 22% (F=10.1; Fys=4.0, P<0.05).

At the same time the force of influence of the age on
an increase of A- and B-power is 13% (F=5.5; F,s=4.0;
P<0.05) and 25% (F=11.9; F,s=4.0; P<0.05) corre-
spondingly, and upon decrease of 8- and a-power —
22% (F=10.1; F(s=4.0; P<0.05) and 24% (F=11.5;
Fos=4.0; P<0.05) correspondingly. The atypical age-
related EEG changes in the irradiated patients should
be stressed. In contrast to physiological ageing ac-

Jedopmariys OCHOBHBIX KOMITIOHEHTOB 3BITHITT oTpaka-
€T OPraHUYECKUE HAPYIIEHUA TOJIOBHOI'O MO3T'd. YCKOpe-
Hue 3BITHIIT 1 yBEJIMUYEHUE AMIUIATY/bl CBHCTEIbCTBY-
€T O MOBBIIMIEHHOU 'OTOBHOCTH MO3T'a K ITAPOKCHU3MAJIb-
HBIM COCTOSHUSAM. YUUTBIBAA OTCYTCTBUE ITOPAKEHUA
3PUTEILHOIO HEPBA Y 3TUX HAIIMEHTOB, MOKHO IIPEIIO-
JIOJKUTD, YTO JAHHBINA nTaTTepH 3BITIIIT oTpaskaeT uppu-
TALMIO AUIHIE(PATIO-TTMMOUKO-PETUKYIAPHBIX CTPYKTYP
C HAPYIICHUAMHU CJIOKHBIX KOPKOBO-TIOJJKOPKOBBIX IIPO-
LIECCOB OOPAOOTKH CEHCOPHOU MH(POPMALIUH.

M3yyenure oTHOCUTENBHBIX PUCKOB (RR) Heripodusno-
JIOTUYECKUX HAPYIICHUI ITOKA34JI0, YTO IIEePEHECECHHAs
OJIb NOBBIIAET PUCK PA3BUTUA HAPYLIECHUN (DYHKLIIO-
HAJIbHOM OPraHU3AIIUN F'OJIOBHOI'O MO3I'a B 5 pas, pabo-
Ta B 30HE OTUyKAcHUA B 1986—-1987 . — B 3,65 (a 071~
TOBPEMEHHAsA PA00TA — IOYTH B 4 Pa3a), TOra KaK Xpo-
HUYECKAA EPEOPOBACKYIAPHA TaToorud u PTSD — B
3 1 2 pa3a COOTBETCTBEHHO (PUCYHOK 10).

PaccumnTan BKJI4J] OCHOBHBIX (DAKTOPOB, BAUSIONIUX HA
OUONEKTPUYCCKYIO AKTUBHOCTb I'OJIOBHOT'O MO3I'a ITOC-
Jie 06yueHus1. Cuia BIUSHUSA JO3bI OOJTYYCHMSI HA [IOBbI-
meHue A- 1 B-guamna3zoHoB OOT cocrasnser 48% (F=25,2;
Fos=4,0; p<0,05) u 22% (F=06,5; Fys=4,0; p<0,05) cooTBeT-
CTBEHHO, HA CHIKEHHUE 0- U a-Auana3oHOB — 44%
(F=21,3; F,s=4,0; p<0,05) u 26% (F=9,5; F;=4,0; p<0,05)
COOTBETCTBECHHO. CHila BIVSIHYS JUINTEJILHOCTU paboT B
30HE OTUYK/ICHUS Ha IIOBBIIIECHUE B-auanazoHa 9T co-
crasisiet 22% (F=10,1; Fys=4,0; p<0,05).

B TO )€ BpeMs cuia BIUAHUS (DAKTOPA BO3PACTA HA TIO-
BBITIICHUEA- U 3-A1arma3oHoB DOT cocTasmsiet 13% (F=5,5;
Fys=4,0; p<0,05) 1 25% (F=11,9; F;s=4,0; p<0,05) cooTBeT-
CTBEHHO U HA CHMI)KEHHE O0- U o-JUaITa30HOB — 22%
(F=10,1; Fys=4,0; p<0,05) u 24% (F=11,5; Fy5s=4,0; p<0,05)
COOTBETCTBEHHO. CIIEZIyET 0OCOO0 OTMETUTD ATUITUIO BO3-
PACTHBLIX U3MEHEHUI DOI'y O6IydEHHBIX, KOTOPAA B OT-
Ji4aue oT (PU3UOJIOTUYECKOTO CTAPEHHS COITPOBOXKIACT-
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FIGURE 10. RELATIVE RISKS (RR) OF NEUROPHYSIOLOGICAL ABNORMALITIES
PUCYHOK 10. OTHOCUTEJIbHBIE PUCKIA (RR) HEAPO®U3MONOTUYECKUX HAPYLLEHNIA

Group |

5

Group C

Group B

BRR

Group Il

3.65

Group l1A

Group 1B

companied by “slowing” of EEG as an increase of
6-power and a decrease of B-power (GianitrapanniD.,
Murri L., 1988; Noschenko A.G., Loganovsky KN,
1994), age-related EEG-changes are associated with
a decrease of 8-power and an increase of 3-power.

Psychological stress (PTSD) influences neither A- or
B-power. At the same time an increase of stress is
associated with an increase of a-power (the force
of influence — 20%; F=9.3; F(s=4.0; P<0.05) and a
decrease of B-power (the force of influence — 21%;
F=9.9; Fs=4.0; P<0.05). That is to say psychological
stress provoked diametrically opposite effects on
brain electrical activity in comparison with expo-
sure to ionising radiation.

Cerebrovascular pathology (arterial hypertension
and cerebral atherosclerosis) does not influence
spectral power of A-range of EEG in the irradiated
persons. The force of influence of arterial hyperten-
sion on increased 6- and B-power is 24% (F=11.2;
Fos=4.0; P<0.05) and 30% (F=15.4; Fs=4.0; P<0.05)
correspondingly. The force of influence of cerebral
atherosclerosis on decreased 6- and B-power is 23%
(F=10.6; F(s=4.0; P<0.05) and 35% (F=19.3; Fs=4.0;
P<0.05) correspondingly, and on increased a-pow-
er — 32% (F=16.9; F(=4.0, P<0.05).

Comorbidity of physical diseases in the irradiated
patients does not have a significant influence on the
changes of spectral parameters of brain electrical
activity.

Thus, psychophysiological disorders in the ARS-pa-
tients and liquidators of 1986—1987 are polyetio-
logical: the age of a patient, psychological stress,
cerebrovascular pathology, the duration of work in

co He “3aMejyieHrneM” puTMOB D3I ¢ yBemdaeHueM 8-1ua-
[1A30HA U yMeHblIeHueM B-guarnazona (Gianitrapanni D.,
Murri L., 1988; Homenko AL, JJoranosckuiit KH., 1994), a,
HA20060pOT, — CHIKCHUEM 0-1MAI1a30HA U ITOBBIIICHUEM
B-muamazona DOT.

INcuxonormgeckuii crpecc (PTSD) He mimusier Ha A- 1 6-711a-
11a30HbI DO OIHAKO C YBEJIMYECHUEM BIPLKEHHOCTU CTPEC-
Ca HAGJIOJACTCSI TTOBBIINICHHUE CIIEKTPAIBHON MONTHOCTH
o-rartazona (cvna Bvsiaust — 209%; F=9,3; F=4,0, p<0,05) u
CHIDKEHUE B-raria3oHa (Cria st — 219%; F=9 9; Fys=4,0;
Pp<0,05). To eCTb (haKTOP NCUXOJIIOTHTIECKOTO CTPECCA Y OOITy-
YEHHBIX JIML] OKA3BIBACT ITPSIMO IIPOTHUBOIIOJIOMKHBIE A(Pek-
TbI HA OGHOIEKTPUUICCKYIO AKTHBHOCTB T'OJIOBHOT'O MO3IA 11O
CPaBHEHUIO C BO3/ICHICTBUEM MOHHUBUPYIOIIHX 3Ty YCHHIL

LepebpoBacKyIsApHAsA ITATOJIOTHA (APTEPUAIBHAA THUIIED-
TEH3WS U LIEPEOPAWIbHBIN ATEPOCKIECPO3) HE BIUSCT HA
CIIEKTPAJIbHYIO MOIIHOCTD A-Inana3oHa Oy obirydeH-
HBIX JIM1L. CHJIA BIIMSTHUS APTEPUATIBHOM TUIIEPTEH3UU HA
yBEJIMYCHUE 6- 1 B-IMana3oHoB cocTasiseT 24% (F=11,2;
Fys=4,0; p<0,05) 1 30% (F=15,4; F,s=4,0; p<0,05) coorser-
cTBEeHHO. CIIa BIUSHUSA IIEPEOPAIBHOTO ATEPOCKIEPO3a
HA yMEHbIIEHUE 6- 1 (B-IUaIla30HOB COCTABIACT 23%
(F=10,6; F(5=4,0; p<0,05) 1 35% (F=19,3; Fys=4,0; p<0,05)
COOTBETCTBCHHO, HA YBEJIMYECHUE O-AHAIIA30HA — 32%
(F=16,9; F,s=4,0; p<0,05).

COHYTCTBYIOH_IZUI COMATHUYCCKAA MMATOJIOTHUA Y O6JIY‘-ICH-
HBIX HC OKA3bIBACT JOCTOBCPHOT'O BIMAHWA HA U3MCHC-
HHE CIICKTPAJIbHOI'O COCTaBa SHCKTqueCKOfI AKTHUBHOC-
THU I'OJIOBHOTI'O MO3r14d.

Taxkum 06pa3oM, NCUXO(DUZUOIOTMYECKHE HAPYIICHHUS Y
s, ieperectimx OJIB, u MTUKBUAaTOpoB 1986—1987 IT.
SIBJISIIOTCSI IIOJIMDTHUOJIOTMYECKUMU — B UX IIPOUCXOXKIC-
HUM UMEIOT 3HAYEHHUE BO3PACT, IICHXOJIOTMTYECKUH CTPECC,
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the exclusion zone have had and influence in their
genesis. However, the value of absorbed dose has
provided a major contribution in the revealed psy-
chophysiological disorders. Accordingly the char-
acteristic psychophysiological pattern of the
ARS-patients and liquidators of 1986—1987 should
be considered as the deterministic effect of ionising
radiation.
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