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Abstract. The functional state of cardiovascular system has been
studied since 1986 in 168 patients who had acute radiation syndrome
as the result of Chernobyl accident. There was revealed a progressive
increase of cardiovascular system pathology. The number of patients
with pathological signs at ECG increased from 4.8 % in 1987 to 11.3
% in 1994 and with myocardial hypertrophy from 1.2 % to 22.6 %. The
number of patients with coronary heart disease increased on 17.2% and
with essential hypertension on 15.5 %. The physical working capacity
reduced to 50-60 % of a due level for healthy persons. Two patients
suffered from acute myocardial infarction during this period of
observation. Thirteenth patients died from 1987 to 1995. Among them
4 patient died in a result of acute cardiac failure. The development of
cardiovascular pathology has no any correlation with a dose of
exposure. Three factors of cardiovascular pathology growth are
supposed.

1. Introduction

In a framework of treatment of Chernobyl patients we are interested in the
cardiovascular system reaction on exposure that courses the acute radiation
syndrome (ARS). Some scientific publications are favoured to this interest: we
know about acceleration of arteriosclerosis [1, 2, 3] and cardiovascular pathology
growth in irradiated body [3, 4, 5], including a clinical observation after
Chernobyl accident [6, 7, 8].

2. Materials and Methods

Since 1986 the dynamic observation was doing for 168 patients from, total
number of 237 patients who have endured ARS in result of Chernobyl accident.
The 168 investigated patients divided on 86 persons with ARS NC (index Not
Confirmed is marked persons who were irradiated in doses 0.7-1.0 Gy with the
signs of primary reaction on radiation exposure but without bone marrow
syndrome), 35 with ARS 1, 40 with ARS 2 and 7 with ARS 3. The last two
cohorts were combined in one group with ARS 2-3 for more reliable statistics
and as very closed in dose levels and in probability of stochastic and non
stochastic consequences development.
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The past medical documentation had shown that most patients were healthy
persons before the accident. Only 4 patients with ARS NC, 1 with ARS 1 and 2
with ARS 2-3 suffered from coronary heart disease (CHD) before accident. The
average age of the patients was 36.3+10.1 years in group of ARS NC, 34.2+8.3
years in ARS 1 group and 35.6+11.9 years in ARS 2-3 group.

As a control were investigated 20 healthy persons who had never undergone to
ionising radiation (age 31.9+12.1 years).

As the methods of investigation we used ECG (Mingograph 720, Simens
Elema, Sweden), cycle ergometry (KE-12, Medicor, Hungary), spiroergometry
(Oxicon 4, Mingdhardt, Holland), echocardiography (SSD 630, Aloka, Japan).

3. Main Results

The clinical investigation 1 year later the Chernobyl accident revealed in all
groups of patients the great number of individuals with subjective and objective
signs of cavardio-vascular neurosis (ICD-9 code is 306.2) or vegeto-vascular
distonia (as in Ukrainian classification). The main symptoms were cardialgia,
headache, transitory jumps and drops of systolic blood pressure, tachyrhythmia,
arrhythmia, tachypnoea that combined with neurological and sexual disorders.
At that time we did not observe any acute pathological findings or coronary
insufficiency with ECG.

In 1988-1989 was revealed the increase of vegeto-vascular distonia (VVD):
on 11.1% in patients with ASR NC (initial number 72.1%), 10.0% - with ARS
1 (initial - 85.7%) and 11.9% - with ARS 2-3 (initial - 78.7%) (P<0.05). In
next years the number of VVD decreased. One of the features of W D tendency
was the appearance on the stage of 1991-1993 years the hypothalamic crises: in
8.1% patients after ARS NC, 25.7% - after ARS 1 and 12.8% - after ARS 2-3.
In half cases from this number we observed the VVD transformation in
hypertension disease (HD).

The neuro-reflecting and neuro-endocrine disorders that take place with
VVD, are that pathogenic mechanism of CHD and HD development. It is
shown early in the scientific literature [9, 10]. These facts are confirmed by our
data of progressive growth of HD and CHD in patients after ARS (P<0.01) (see
Figures 1 and 2).

1987-1988 1989-1990 1991-1992 1993-1994
Years

• ARSNC BARS 1 BARS 2-3

Figure 1. Dynamics of hypertensive disease in the patients after ARS
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Figure 2. Dynamics of coronary heart disease in the patients after ARS

The development of cardiovascular system pathology combined with
myocardial hypertrophy. We also revealed the increase of complete or partial
atrioventricular (His) bundle's blockade or deceleration of electric impulse flow
in heart muscle.

The analysis of cardiovascular pathology as a reason of death has shown it's
high rate. Four persons from 13 (30.8 %) died in result of acute cardiac failure.

The cycle ergometry test has been done since 1989 year. During this study we
found a decrease of physical capacity level in all patients after ARS in
comparison with control level that was 184.6+25.2 Watt (P<0.01) (see Figure 3).

In all indexes that characterise aerobic and anaerobic metabolism of the body
(anaerobic threshold, oxygen debt, including its alactic and lactic fraction and
the constants of debt's recovery speed) did not find any reliable differences from
control or published data early by others' authors. All these indexes varied within
the valid levels.

An analysis of stress-test stopping reasons had shown that in all groups
prevailed objective reasons: not increased systolic blood pressure (BP) or heart
rate (HR) during increase load or veiy high increase of BP and HR, or segment
ST depression. There were not any significant changes of these indexes during
1989-1993. We revealed only growth of ST segments depression from 4.2% in
1989 to 7.2% in 1993.

Watt

Figure 2. Dynamics of physical tolerance level in the patients after ARS
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In all groups we found a combination of objective and subjective (cardialgia,
headache, tachypnoea) reasons of test stopping. Only 15.1% of patients were
limited in their physical capacity by physiological reasons (adequate muscular
fatigue and reach of submaximal HR).

4. Conclusions

1. The progressive growth of cardiovascular pathology is observed in patients
after different degrees of ARS severity from 1987 to 1994.

2. The development of cardiovascular pathology has no any correlation with
the dose of irradiation. This fact is confirmed by less pathology in the patients
after ARS 2-3.

3. It is supposed three factors of pathogenic mechanism of cardiovascular
pathology development: a) changes of neuro-humoral regulation processes after
ARS that expresses in vegeto-vascular distonia development that in next order
transforms to coronary heart disease or hypertensive disease; b) radiation affects
at vessels' endothelium; c) high frequency of dislipoproteinaemia that takes place
in patients after ARS and has atherogenic character [11].

4. The adequate aerobic and anaerobic metabolism of body in spite of
cardiovascular pathology shows a good compensation of circulation and
microcirculation that have to have an arteriosclerosis prevention.

5. The natural tendency to growth of cardiovascular pathology during ageing
and especially after irradiation requires permanent medical prophylaxis of
cardiovascular pathology development.
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