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ANNOTATION

.[Text] This publication has been approved and recommended
for publication by the Scientific Publication Council of
_the Presidium of the USSR Academy of Medical Sciences.

This monograph summarizes clinical data pertaining to the state of the cardio-
vascular system of individuals whose work involves exposure to such occupation-
al and industrial factors as noise, radio waves, ionizing radiation and
chemicals. The book offers methodological approaches and defines the diag-
nostic possibilities with regard to evaluation of cardiovascular disturbances.
Special attention is devoted to the mechanism of formation of cardiovascular
reactions under the influence of various occupational factors. The authors
singled out and described comprehensively the clinical cardiovascular dis-
orders that are most frequently encountered among workers, as related to

the nature and intensity of different occupational factors. Recommendations -
are offered for expert determination of disability, rational employment and
rehabilitation therapy of states that develop.

This book is intended for physicians specializing in occupational pathology.

The book includes 15 figures, 15 tables, and the bibliography lists 257 items.
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FOREWORD

[Text] The planning and organizing of different public health services is

based largely on information about the incidence of different diseases, -
- their share of the morbidity and mortality structure, as well as the main,
go-called clinical, patterns inherent in these forms. The increasing re-
lative incidence of cardiovascular diseases and their role in changing
general health of the public in the future are quite obvious to all highly
developed countries. At the same time, the role of different occupational
factors among causes that induce or alter the incidence and course of
cardiovascular diseases is still far from clear.

An enormous amount of material has been accumulated, referable to the many

years of observations of workers in different branches of industry, who

were exposed to diverse toxic, allergenic, physical and dust factors varying

in intensity. In these individuals, changes in cardiac and vascular function

occupy a certain place, sometimes a significant one, in the clinical findings,

and this requires definition of questions of syndrome diagnostics and expert B

evaluation of such states, as well ac making substantiated decisions as to

optimum job placement. At the same time, the special role of the circula- -
- tory system in the overall system of adaptation of the body to exogenous

and endogenous factors, due to the constitutional distinctions and condition- _
- ing distinctions, the high incidence of influences known to be pathogcnic '

for the cardiovascular svstem of a number of nonoccupational factors,

as well as the nonspecific nature of changes, make it difficult both to
= differentiate between physiological and pathological deviations, and to

establish the role of different factors in appearance thereof. =

There have been substantial changes in the nature of work in the last few
years., The comprehensive reduction of levels of occupational factors has
extended the period of active work fitness and raised the mean age of
workers with the corresponding change in general status, including that
of the cardiovascular system as a premorbid background, against which
changes of an occupational nature appear. The rare instances of possibly

2
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severe effects on the circulatory system are presently set against the
- more common influence of factors with relatively low intensity, with a
’ large contribution of intensive, complex mental labor, hypokinesia,
- processing of extensive information combined with the need to make
responsible current decisions. Such is the work, for example, on control
= consoles, aircraft engine testing, adjustment of guidance [sighting]
devices, etc. Unquestionably, overall reactivity of the body has also
changed in view of the set of diverse toxic and allergenic influences.

In view of all of the foregoing, it was deemed expedient to shed light,

in this monograph, on the basls of analysis of the literature and our
N own data, on the main pathogenetic mechanisms of action of the principal
work-related factors on the condition of the heart and vessels, as well
as methodology of studying the reactions thereof in differant occupational
groups; to systematize information about the condition of the heart and
hemodynamics in individuals exposed to physical, toxic and dust factors;
to determine the main variants of clinical syndromes, semeiotics, course
and prognosis thereof; to define the possible place of different occupa-
- tional factors in the overall structure of cardiovascular pathology and
- pradiction of morbidity and mortality due o diseases in this group., As
a result, it is planned to substantiate reasonable job placement,
methods of treatment and prevention of long-term sequelae of the effects
of working conditions on the cardiovascular system.

3
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CHAPTER 1. PATHOGENESLIS QF CARDIOVASCULAR REACTIONS TO VARIOUS OCCUPATIONAL
FACTORS

[Text] Chief Mechanisms of Development of Cardiovascular Reactions

Many years of observations have shown that diverse changes in the cardio-
vascular system are observed in individuals engaged in the most varied
occupations. Hypotheses have been expounded concerning a consistent link
between the nature and incidence of some of them, on the one hand, and
effects of working conditions, on the other. It is assumed that both the
direct influence of some factors on the heart and vessels and an indirect
influence, mediated by changes in neuroendocrine regulation of circulation,
are involved. It is also unquestionable that, in the case of occupational
poisoning (carbon monoxide, nitricoxide and others) and acute radiation
sickness due to exposure to high doses of radiation, the cardiovascular
changes occupy a prominent place in the symptomatology and largely deter-
mine the prognosis.

Let us consider successively the possible mechanisms of formation of reac-
tions as a result of the divect effects of some occupational factors on

the cardiovascular system. Thus, in the case of exposure to toxic agents
with anoxemic action (carbon monoxide, cyanide compounds, amido and nitro
derivatives of benzene, hydrogen arsenide, nitrogen oxides, phosgene),

there is a reduction in blood oxygen capacity as a result of changes in
structure, number and properties of erythrocytes and hemoglobin. In some
cases, inadequate oxygenation of blood is related to involvement of the
lungs (capillary-alveolar block of diverse genesis), There is also the
possibility of direct injury to the neuromuscular system of the heart,
vessels and their regulatory centers by high doses of radiation, intense
heat, etc. In such cases, the symptoms of involvement of the cardiovascular
system appear at an early stage and are prominent in the clinical manifesta-

tions of disease.
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In the case of hypoxemic nypoxia, changes occur in cell metabolism of differ-
ent body tissues and, first of all, in structures that are the most sensitive
to hypoxia, which include the myocardium. G. F. iLang combined the disturb-
ances referable to a complicated set of biochemical, physicochemical and
bioenergetic processes in t.e myocardium in the concept of "myocardial
dystrophy." There are grounds to assume that analogous pathogenetic wechan-
isms are involved in development of disturbances in carbohydrate-phosphorus,
protein and mineral metabolism under the influence on the myocardium of a
number of occupaticnal factors, which were mentioned above. Some mechanisms
have been discovered in special experimental studies of the effects of
radiation on the heart (Ye. L. Vorob'vev et al., 1971, 1973), while others
have yet to be submitted to clinical and experimental investigation.

Evidently, similar pathogenetic mechanisms are at the basis of changes in

the cardiovascular system, in the presence of so-called foundry fever,
However, here it is not so much the direct toxic effect on the myocardium

as the unique sensitize effects of metal aerosols and compounds that play

the leading role, and they lead to development of acute allergic myocarditis.
The syndrome is polyetiological and occurs under the influence of certain
infectious agents, toxic agents and drugs. The lesion is characterized

by acutely developing morphological signs in one of three typical (according
to Ya. L. Rapoport) variants: hypertrophy of muscle fibers alternating with
flelds uf myolysis, perivascular lymphoid and plasma cell infiltration and
plasmorrhagia. The main pathogenetic mechanisms are nonspecific, for which
reason there are many features in common in the clinical signs of myocarditis,
regardless of its etiology: acute onset, enlargement of the heart, dull
sounds, persistent tachycardja, dysproteinemia with increase in share of
coarsely dispersed proteins and 0~ and Y-globulin fractions, eosinophilia.
The electrocardographic changes are not notable for stability. The previously
held view of mandatory malignant course with mainly postmortem diagnostication
has recently been shaken. Forms have been isolated that have a chronic,
recurrent and occasionally more benign course (N, M. Konchalovskaya et al.,
1965; M. I, Teodori, 1972; Gvozdijak, 1973).

A similar mechanisms is apparently involved with exposure to radiation in
doses that elicit extensive destructive processes in tissues that are more
radiosensitive than the myocardium. The toxemic form of radiation sickness
has also been singled out (A. K. Gus'kova and G. D. Baysogolov, 1971). 1In
this case, toxic and allergic influences are also expressed in the myo-
cardium, and they can be the immediate cause of death, by analogy to the
reaction of the heart at the toxic stage of burn injuries (N. S. Molchanov,
1973) or extensive traumatic crushing with the compression syndrome (Ye. V.
Gembitskiy, 1973).

Another mechanism of direct effects on cardiovascular metabolism 1is
expressed via neurohormones and the system of peripheral chemical mediation
(epinephrine, norepinephrine, acetylcholine and others).

The effects of organophosphorus compounds and certain other toxic factors
(lead and its ethylated derivatives) on the cardiovascular system are based

5
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on structural and metabolic changes in the vascular wall and myocardium,
aynaptic activity of peripheral receptors ol different classes, along with
other symptoms of a myoneural block. fyndromes resembling acute angiitis
with reglonal impairment of hemodynamics, crisés with sudden circulatory
insufficiency to the extent of coma, occupy a place in the symptomatology
of poisoning by such subsi-aces. This is the toplc covered by Ye. A.
Lushnikov (1964) in his studies of patients with thilophos poisoning.
Efforts at pathogenetic therapy of such states are related to such concep-
tions; they are directed toward reactivation of cholinesterases, normaliza-
tion of catecholamine metabolism and adrenergic receptors (S. N. Golikov,
1971; A. L. Myasnikov, 1965, and othevs).

Not infrequently, in poisoning cases, there is development of atherosclerotic
processes with the correspording clinical manifestations as a result thereof.
There is animated discussion in the literature (A. K. Gus'kova, V. P.
Medvedev, 1973, and others) of the question of effects of some factors
(radiation, lead, electromagnetic fields) on the higher incidence and earlier
detection of atherosclerosis.

Vascular disturbances are based on local or general traumatization to vessels
under the influence of vibration, overcooling and appearance of distinctive
coagulonathy, The role of other mechanisms is also unquestionable; in
particular, pathological afferentation from receptors (local irradiation,
vibration, high-intensity radio waves).

Changes in the cardiovascular system occurring in comnection with severe
invol.ement of the lungs and associated with development of cor pulmonale
occupy a special place in the symptomatology of occupational diseases. At
first, there are compensatory changes in the cardiovascular system, directed
toward elimination of hypoxia, then a set of successively and differently
(depending on the nature of the main lesion) developing changes, which are
indicative not only of involvement of various adaptive mechanisms, but

signs of insufficiency of different elements of the circulatory system.

Under the influence of occupational toxic agents (carbon tetrachloride,
polonium and others) with selective tropism for organs of the hepatolienal
system and kidneys, signs of autotoxic myocardial lesicns are added later on
to the vascular component. However, the features of the primary effect of
these toxic agents on the hepatic parenchyma persist and dominate in the
clinical signs of the lesion., For this reason, it would be more correct

to refer to secondary involvement of the cardiovascular system in the
presence of the acute, toxic hepatorenal syndrome.

The period of active fitness for work and mean age of employed individuals
increase in the case of a mild, but long-acting set of occupational factors.

In some occupations, there 1s increasingly distinct prevalence of mental and
emotional tension over physical loads, and an increase in share of monctonous,
stereotypic operations with minimal exercise, At the same time, the role

of individual responsibility and need to process an enormous amount of

6
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information are increasing, with reduction in active exercise (working on
control consoles, production lines, etc.),

The possibility of {intense and extreme factors will still .2 present in the
immediate future for a small group of workers, with a significant contri-
bution of mental and emotional stress (astronauts, individuals engaged in
important overhaul work, seamen exposed to adverse climate, etc.).

Under such circumstances the role of other influences increases sharply:
may's environment, working and living conditiony, unreasonable nutrition,
bad habits (smoking, alcohol abuse), hypokinesia, unwarranted extensive
uge of various drugs and use of chemistry in everyday life,

The cardiovascular system {8 highly reactive, it is functionally intimately
related to the nervous and endocrine systems. For this reason, considerable
difficulties arise in determining the etiological role of some occupational
factor., 1In some cases, it is even impossible to single out the prime sig-
nificance of a particular factor,

The main variants of neuroendocrine and nonspecific reactions consist, first
of all, of diverse changes in the main indices of cardiac function and
hemodynamics, that are within the ranges of rather broad physiological fluc-
tuatfons. These reactions reflect, first of all, the congenital and
hereditary constitutional distinctions of morphofunctional organization of
regulation of circulation, which undergo svecific changes in the course of
ontogenesis and are substantially altered by conditioning, physical and
psychological training, upbringing, living ronditions, as well as, of course,
prior diseases and consistency with the occuapational work load. Cong2nital
distinctions of the cardiovascular system undergo a certain evolution at
different stages of life, and this does not occur smoothly; rather, they

are intermittent, differing in males and females, with periodic changyes
inherent in different phases of sexual activity (menstrual cycle, pregnancy,
involution of reproductive glands, etc.). ‘

Of course, in view of the importance of the cardiovascular system to adapta-
tion of the body to changing environmental conditions, including occupational
factors, one should expect that, in the course of work, there would first

be development of orienting reactions that are adaptive in direc~ion.

Many of the functional changes in arterial pressure, pulse rate, tonus of
the vascular wall, cardiac stroke volume and certain other parameters up to
a certain limit should be interpreted as compensatory and adaptational,
rather than pathological. Evidently, one could fry to distiuguish between
some unique nonspecific reactions of the cardiovascular system inherent in
the effects of specific occupational factors varying in mechanism of action
on the basis of time of onset, appearance of certain associations of
changes and fullncss of effect reached with them.

‘First, let us touch upon some general nonspecific patterns of regulatory
mechanisms that are signiffcant to formation of reactions to any exogenous

7
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factors. All researchers valldly attribute a Jarpe role to the tepulatery
influence of the central nervous system, p-.rticularly some of its branches
X (hypothalamic and cortical regions of the vascular center); there condi-
tion is largely determined by the level of blood supply, while disturbances
- of these elements lead to functional changes in the cardiovascular systen.
Thus, changes in physiolor cal activity and reactivity of wedfan brain
structures arc record:d quite often with exposure to carbon disulfide,
radio waves, foniziug radiation, etc. (D. A. Ginzburg et al.). Various
changes are obrerved in bivelectric activity of the brain (periods and
bursts of synchronized, high-amplitude ogcillutions of blopotentials at
a frequency of 3-6/8). These changes are occasionally asegociated with
clinical syndromes of diencephalic diyorders and autonomic crises des-
cribed by M. N, Ruzhkova, K. V. Glotova, A. M. Monayenkova and others.
The incidence and severity ~f the vascular component are quite varied.
The impression is gained that, under the influence of carbon disulfide and
certain other toxic agents, vascular disorders are observed more often
than manifesiations of hypothalamic insufficiency, but the severity of
both is similar. A. M. Monayenkova observed myocardial changes reliab}
more often in individuals with symptoms of impaired regulation of hypotha-
lamic centers. The hyperdynamic type of vascular disorders demonstrated
signs of neurogenic genesis thereof, as confirmed by the correlation between
changes in indices of isometric contraction of the myocardium and signs of
hyperactivity of the sympathoadrenal system (changes in catecholamine
metabolism). Analogous correlations were observed by K. V. Glotova and
G. G. Lysina (1972) under the influence of high-intensity, superhigh frequency
electromagnetic fields.

Ye. A. Denisova et al. (1975), M. N. Sadchikova et al. (1972), Ye. V.
Gembitskiy (1969) and others observed a different type of reaction, mainly
in the vagotonic direction (bradycardia, arterial hypotension) under the
influence of low doses of ionizing radiation and different intensities of
radio waves. These hemodynamic changes were related to signs of altered
peripheral afferentation and disturbances in the systems of such mediators
as acetylcholine and cholinesterase. There was secondary appearance of
changes in the catecholamine system and central regulation of hormone
synthesis in the adrenal cortex (I. A, Kogan, N. I. Gorbarenko, 1971, and
others).

There are data indicative of a considerable incidence of hypothalamic states

- among hot shop workers. Along with reflexly occurring changes in autonomic
regulation of circulation, some place belongs to fluid-electrolyte balance
disturbances in the pathogenesis of such states. The blood pH changes, and
this affects the extracellular and intracellular concentrations of potassium
and sodium ions and, consequently, the electrolyte gradient tetween the
1iquid phase and structural components of tissues. There may be changes in
heart rate, frequency of cardiac contractions, widening of heart boundaries,
dull sounds, arterial hypotension and electrocardiographic signs of
weakened contractility of the myocardium, as well as symptoms of circulatory
insufficiency of cardiac genesis.

8
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Pathological afferentatic, from the periphery, primarily from vascular
baroreceptors In the parts of the body subject to traumatization, plays a
part in the pathogenents of functtonal changes in the nervous nystem aspoci-
ated with lTocal vibratlon, Thin in Tovlowed by development of vascular
disorders due to impafred regulatory influence of the central nervous systenm
on regional circulation, Such changes may also be observed under the effect
of other factors (trauma, static pressure, cold, etc.) and, consgequently,
they cannot be viewed as the specific reaction only to the vibration factor.
Changes can also occur under the influence of vibration on other innervation
levels of vegetovascular regulation (spinal ganglia, autonomic centers
located in the lateral cornua of the spinal cord). But disturbances in
function of the reticular formation of the stem, in the region of the
vestibular analyzer and diencephalic parts of the brain play a leading part,

The increased activity of thalamohypothalamic structures under the influence
of general vibration is associated with attenuaticn of cortical activity.
Synchronization of high-amplitude waves are recorded on the EEG, with
appearance of slow waves and bursts, which ciiaracterize development of the
diencephalohypothalamic syndrome, According to electromyographic findings,
we can assume that there is a change in the usual correlations between
excitability of segmental and suprasegmental parts of the spinal cord, excita-
tion of the motor analyzer and increased exhaustion of motoneurons (L. G.
Okhnyanskaya). Thus, in the case of both local and general vibration,
complex interaction is demonstrable between different branches of the nervous
system involved in hemodynamic regulation. Several concomitant influences
are also of some significance: cold, trauma, static and muscular tension,
noise and others, and this explains the uniqueness of the observed disturb-
ances. Both compensatory reactions and disturbances related to the pre-
sence of static overstimulated foci, and changes in neurohumoral mediation

are observed under the influence of vibration on extensive receptor fields

of the central nervous system that regulate circulation. This leads t¢
clinical symptoms of regional and systemic vascular circulatory disorders.

Predominantly cortical disturbances of hemodynamic regulation, prevalence
of dysfunction and dystony of the hypertensive type are inherent in the patho-
genesis of changes in cardiovascular organs under the influence of inter-
mittent high-intensity noise in individuals whose work is not rhythmic,

but very emotional and tense fn nature (radfo wave transmitter adjusters,
individuals who assemble afrcraft engines, administrative workers, etc.).
Finally, there are in the symptomatology of occupational diseases extensive
regional changes in circulation that are not associated with consistent
changes in systemic hemodynamics and cardiac function. Regional syndromes
occur under the influence of factors that are not uniform with regard to
distribution of energy in different parts of the body (local irradiation,
local vibration, tension of individual muscle groups, overcooling or over-
heating of specific parts of the body, static stress of the limbs, etc.).

A pathogenetic link is observed here between the regional vascular disorders
and changes in segmented innervation (vegetosensory mononeuritis and poly-
neuritis, ganglionitis and local circulatory disorders--acroangiospasm,
trophic disorders occurring under the influence of carbon disulfide,

9
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unsaturated hydrocarbons, with overcooling, electric trauma, local radiation

- lesion, local vibration). On the whole, 1% should also be stressed for
this group that there is a pathogenctic link between regional and systemic
hemodynamic disturbances, with predominant change in a given level of
innervation and neurohumoral regulation, with a consistent sequence of
changes, ranging from tran- lent lucal to systemic hemodynamic ones. We can

= track the transition from predominantly adaptive vagal changes to sympatho-
tonic ones, to the extent of development of circumscribed hypertensive
crises, persistent arterial hypertension, i.e., more gerious pathological

- circulatory conditions. At some stages, the brain and heart are affected
secondarily, also via nonspecific mechanisms inherent in egsential hyper-
tension and ischemia, regardless of their etiology.

Aggravation has been observed in the course of existing cardiovascular dis-
eases under the influence of occupational factors. However, we also know
of serious diseases of the cardiovascular system that are unrelated to any
particular occupation. At the same time, there is a consistent decline in
number of diseases directly related to adverse working conditions, so that
1t is difficult to detect the iink between some rather common, general dis-
cases of the cardiovascular system and man's work. L. K. Khotsyanov (1960)
and others indicate that there are substantial contradictions in the quanti-
tative indices of cardiovascular morbidity among individuals in the same
branches of industry and cccupations, in different economic and geographic
regions. This could be due both to the decisive influence of distinctions
referable to local living conditions, diet, lifestyle and, unquestionably,
to differences in diagnostic approaches to evaluation of the observed devia-
tionc. On the other hand, the significant change in work processes at the
prescut time, increasing emotional and mental stress, and hypokinesia
occupy a certain place in the genesis of cardiovascular pathology. They
already demand the close scrutiny of general practitioners, occupational

_ pathologists and industrial physiologists.,

Development of the methodological bases for studying the effects of occupa-
tional factors on the cardiovascular system, strict unification of diagnos-
tic and rating criteria, and choice of demonstrative aroups, especially for
detection of early stages of the above pathological states, are very
important for obtaining reliable information on this score. Studies should
be conducted in close contact with a number of specialists, both within

one country and various international organizations that implement broad
programs dealing with cardiovascular pathology in different countries of
the world.

Several authors have indicated (and this has been confirmed by the data
obtained from the dynamic observations of Ye. A. Denisova of individuals
exposed to radiation) that some types of cardiovascular reactions are
largely related to the initial type of regulation. Thus, arterial hyper-
tension, pressory type vascular reactions and angina pectoris were inherent
in only a limited group of people, and they were unrelated to the radiation
dosage. At the same time, hypotensive reactions, particularly transient
ones, were related to a greater extent to the effect of the occupational
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factor at a specific intensity, and they are inherent in a considerable
number of working people (to 2/3-4/5 of the individuals exposed to radia-
tion in a dosage of 50-70 rem.

The significance of the background of neuroendoirine changes at particular
stages of life should be assessed analogously with regard to development of
hypertension, episodes of vascular disorders, especially in women, and
ischemic patholgoy in men. These patterns are demonstrable at the late
observation stages, including the period after contact with such factors as
. ionizing radiation, carbon disulfide, lead and others. Sex has some 1in-
fluence on the uniqueness of clinical variants of vascular pathology under
the influence of other occupational factors as well. We were impressed by
the high incidence of coronary and limb vascular lesions in men and signs
of diencephalohypophyseal disorders and cerebrovascular disturbances in
men (M. N, Ryzhkova, V. A. Soldatova and others).

- Adaptation to pre-existing vascular disturbances among individuals in any
professional group depends largely on the original background of regulation,
Unquestionably, there is a number of adverse factors (overfatigue, inter-
current infection, pregnancy and lactation, menopause) involved in develop-
ment of decompensation or appearance of new clinical symptoms in the pre-~
sence of cardiovascular diseases in different occupational groups. In some
cases, the demonstrated nonspecific symptoms are unjustifiably taken for
the onget of an occupational disease.

At the lateobservation stages, different variants have been observed in
involvement of the occupational factor in the genesis of the polyetiological
cardiovascular syndrome: a) continued exposure to the occupational factor
(deposition of long-lived radionuclides in the body, other toxic agents or
metabolites thereof) or continuous progression of previously started patho-
logical processes in the heart and vessels; b) the effect of the occupational
factor is temporary; there is relatively complete repair of lesions with
typical clinical signs of occupational disease in the past; other non-
occupational influences continue to affect the body, inducing some patholo-
gical hemodynamic states or other (atherosclerosis, essential hypertension).
The clinical syndrome may be similar under the effect of a number of factors
(impaired cerebral circulation, ischemia); however, the role of the occupa-
tional factor should be then assessed as being quite negligible or insig-
nificant in general.

Statistics should be taken into consideration to substantiate the role of

- an occupational factor in each specific case, It is expedient to use the
following criteria as the basis for such evaluation: pathogenetic link be-
tween the effect of the occupational factor and c¢linical syndrome, and
example of which is development of hypertensive reactions and essential
hypertension among telephone operators working under great emotional and

- mental) stress, under the influence of intensive noise; an increase in number
of states suspected of being of occupational genesis in the group under
study, as compared to a control group of inaividuals; uniqueness of the
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polyetiological syndrome among individuals in the occupational group under
study, with respect to time of onset, severity and predominant localization.

In the presence of the above conditions, it is logical to assume that an
occupational factor plays some role in the origin of the clinical syndrome.

To return to the effort to single out, along with general features, some
typical ones of the cffects of a given tactor on reactions of the cardio-
vascular system, one must take into consideration the distinctive features
of the occupational factor. It has been noted that a direct deleterious
effect on tissular structures of the cardiovascular system is inherent in
only a very limited number of occupational agents (and they must be of a high
intensity). This applies to the cffects of massive doses (of the order of
several kilorad) of ionizing radiation (A. K. Gus'kova, G. D. baysogolov,
1971; Ye. 1. Vorob'yev; Shippman, 1960, and others), extreme overheating and
overcooling, electrotrauma, Even the classical '"vascular toxic agents"
(carbon disulfide, carbon monoxide, cyanide, phosgene and others) should

be classified, according to mechanism of action, in the category of neuro-
vascular or systemic toxic, anoxemia-inducing agents.

Thus, most occupational factors do not selectively affect the circulatory
system and regulation thereof; rather, they have tropism for other organs

and tissues, and there is secondary or concurrent involvement of the cardio-
vascular system in the process ("anemic heart" under the influence of

benzene and ionizing radiation in acutely injuring doses, “cor pulmonale" in
the case of .dust-related pathology, radiation and toxic involvement of the
bronckspulmonary system, central circulatory disorders under the influence

of narcotics and neurotropic toxic agents). The changes in the cardiovascular
system are a complex neurohumoral reflex of hemodynamics and cardiac function
in response to stimulation from receptor fields, varying in size and localiza-
tion, in which the primary interaction of the deleterious agent with the

body occurs (superhigh frequency current, radiation, vibration, overheating,
some toxic agents).

Depending on whether there is combined or isolated manifestation of the two
chief mechanisms, there are some distinctions in the formation and subsequent
course of cardiovascular disorders, as well as their outcome. In occupational
situations, when nervous elements are stricken early (exposure to thiuram,
narcotics and certain other toxic agents), the vascular disturbances are
generalized; subsequently they are notable for considerable geverity and
stability, even if no.changes develop in cardiac and vascular structure. Con-
versely, when the factor is localized on a narrow receptor field, on which

the chief injury is expressed, apart from the most important reflexogenic
regions (only the hand with local vibration or local radiation), for a long
time there may be no systemic hemodynamic disorders.

A satisfactory condition of the heart, vessels and regulatory mechanisms of
systemic t2modynamics is observed with exposure to a number of low-intensity
factors, such as radiation, benzene, lead and many others.

12
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Successive and prompt triggering of different compengatory mechanisms, and
implementation of satisfactory resultant circulatory function also occur
differently under the influence of different factors, This depends on the

- integrity of the different elements of neurohumoral regulation, systems of
oxygen uptake and transport, nature of metabolic disturbances and integrity
of the cardiovascular system itself under the influencr of a specific agent.
By comparing these mechanisms and relations between them at different
stages of the pathological process, we can try to detect some specific
features in the effects of different occupational factors on the circulatory -
system. Examples of such comparisons and def? ition of some pathogenetic
distinctions will be suppiied in the relevant sections of this monograph. -

Classification and Brief Description of the Main Syndromes of Cardiovascular
Disturbances Under the Influence of Various Occupational Factors

While we recoguize that a number of pathogenetic mechanisms of development
of cardiovascular reactions to diverse occupational factors are very complex
and general, it is expedient to try to group them according to the prime
features and to single out the most commonly encountered and circumscribed
clinical syndromes (see Chart),

In view of the fact that a chart has some limitations, we should supply some
explanations. First of all, a distinction is made between two main cate-
gories of factors that affect the cardiovascular system: a) primary or

early selective; b) secondary. Physical factors (ionizing radiation,
electromagnetic field radio waves, some toxic agents, as well as toxic and
allergenic, emotiogenic influences) are typical in class "a." Their effects,
in the case of low intensities or selective action, can be limited only to
changes in regulation of the cardiovascular system or, in the case of

massive or localized exposure (direct radiation, electric trauma, overheating
and others), have a direct effect on the myocardium and vessels of different -
regions. The class "b" factors, which are not selectively tropic for the
cardiovascular system, lead to secondary changes as a result of already

existing pathology of organs and systems that are, consequently, more sensi-

tive to occupational factors (lungs, bone marrow, liver and other systems

and tissues that determine energy and metabolic processes in the body). This =
is how one should interpret the mechanism of development of changes in

human cardiovascular function in the presence of occupational diseases of
respiratory organs, toxic impairment of hemopoiesis, effects of systemic

toxic agents that disrupt energy and metabolic processes.

While there is some phenomenological similarity of the main pathogenetic
mechanisms of reactions, through which the cardiovascular system becomes
involved in the pathological process in response to an occupational factor,
there are substantial differences.

Primary neuroendocrine mechanisms of physiological regulation of cardiac
function and circulation play a part in the genesis of early changes in the
cardiovascular system. One may observe selective injury by toxic agents or
physical factors to the myocardium and vessels, and impairment of physiological
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functio.s., The latter is associated with development of dysmetabolic, dys-
R hemic and neurodystrophic changes due to the direct effect of the dele-
terious factor.

The main routes of the other mechanism, secondary involvement of the cardio-
vascular system in the process, are compensatory and adaptive changes in
its activity arising in response to respiratory insufficiency and hypoxia
of diverse genesis. This is observed in the presence of diseases of respi-
ratory organs, system of tissular transport and uptake of oxygen, acute
circulatory insufficiency with impairment of systemic metabolism and
energetic processes under the influence of extreme exogenous factors, It
is logical that the adaptive and compensatory nature of the changes is

lost at some stage, with regard to cardiovascular function. Clinical and
physiological signs of insufficilency appear, and various syndromes of
systemic and local circulatory insufficiency develop.

Concomitant or prior nonoccupational factors are very significant to both
mechanisms of pathogenesis and variants of reactions. However, the nature
and significance thereof vary. Thus, in the category of functional cardio-
vascular reactions that are primary with regard .o mechanism, sex, age,
endocrine and metabolic constitution play a large nart. Prior and inter-
current diseases involving these organs, as well as the functional state of
other organs that are the primary target of the patiwlogical process (lungs,
bone marrow and others), distinctions of biochemical and immunobiological
changes, and level of general reactivity are ingtrum:ntal in development
of a primary occupational lesion to the heart and vessels.

It should be borne in mind that the reactions arising directly in the
period of exposure to the most intensive occupational factor, usually in
young people, cannot be confused with all the subsequant transformations
that they undergo under the influence of diverse exogrnous and physiological
foctors.

For this reason, we singled out on the Chart the reactions and syndromes
inherent in the period of formation of disease, which are related to the
occupational factors and are largely adaptive in nature. They change upon
discontinuation or radical reduction in intensity of the occupational
factor, when distinct compensatory and recovery processes develop. There-
after, all changes should be qualified as polyetiological, with varying
contribution of the occupational factor, which is appreciably comblicated
and neutralized by many other causes.

It is expedient to single out the followirg clinical syndromes during the
period of formation of cardiovascular reactions to an occupational factor.

1. Neurocirculatory dystonia of the hypotensive and hypertensive types,
and symptomatic hypotension and hypertension. In such cases, functional
changes in cardiac function or only peripheral local circulation move to

- the fore in clinical semeiotics; a combination of symptoms of cardiac and
vascular dysfunction.
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- Typical factors:
radiation, noise,

Group of factors with primary effect on the

cardlovascular system:

- Zi?::tiﬁzé toxico- on regulatory | on state of | on state of
emociggeni; processes myocardium vessels
¥ +
CHIEF MECHANISMS
) ¥
Predisposing Impaired neurovascular Metabolic & dys- Diseases
B factors. & endocrine-vascular hemic (primary) of heart,
Bex, age, + | regulati» myocardial and vessels,
constitution vascular wall other
disturbances organs
_ CHIEF
SYNDROMES
Neurocir Hypotensive type Toxic & toxico-| | Dysmetabolic & toxico-
culatory with local hemo- allergic allergic disturb, of
] dystonia dynamic disturb. myocardial peripheral vessels
dystrophy (angiitis type)
Hypertensive
type -———]

- healthy

Essentially Symptomatic
hypotension

Symptomatic
hypertension

X

Atheronsclerosis with

!

-

systemic and local

Essential
hypertension

Ischemia

circulatory
insufficiency

Chart. Grouping of reactions of the cardiovascular system to occupational
factors (continued on the next page).
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Group of factors of secondary involvement of the cardio-| | Typical factors:

vascular system, related to:

lesion to specific | general toxic effect,| effects on o,
histotoxlc type

organs (lungs),
circulatory hypoxi

transport
system,
hypoxemia type

dust, CO,
benzene, etc,

| l

Compensatory adaptationall
changes in cardiac func-

tion and hemodynamics

type

Circulatory insufficiency
of cardiac and peripheral

Prior diseases
of heart, ves=-
gels & other
organs, age

1

Cor pulmonale and
syndrome of acute

]

with hemodynamic

Histotoxic hypoxia syndrome

Hypoxemic hypoxia
syndrome with cir-

circulatory hypoxia disturbances culatory disorders
(collapse) (cardiac hypoxia)
' |
—
Main types of outcome and syndromes
of polyetiological origin at the
long term l
- l 4
Myocardiofibrosis: Diverse variants of Circulatory insuffi-
a) without circulatory local disturbances ciency, compensated to
ingufficiency of peripheral varying degrees, with

b) circulatory insuf- circulation possibility of
ficiency of cardiac essential clinical
type recovery and lethal

c) essential recovery outcome

Chart (continued).
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2, Toxicoallergic and metabolic-dyshemic (related to microcirculatory dis-

orders) changes in the myocardium of the dystrophy type (G. F. Lang, 1958). -

The terms, "allergic myocarditis" (Fidler), "myocardosis" (V. Ionash, 1968),

"myocarditis" (Ye. M. Tareyev, 1965) and many others for this group of

_ syndromes are synonyms in our opinion, However, we prefer the term
"'myocardiodystrophy," as defined by G. F. Lang.

2, Dysmetabolic and toxicoallergic disturbauces of peripheral vessels,

of an exogenous nature, angiitis type and regional dystony due to primary
structural disturbances of the vascular wall, its microcirculation and
local innervation system, There can be diverse variants of involvement of
arteries of different caliber, veins and lymphatic vessels.

The following polyetiological syndromes may arise as the long-term sequelae -
of these states, with consideration of the concurrent and, occasionally,
prime effects of other nonoccupational exogenous and endogenous factors:
1) hypotensive and hypertensive states that acquire features, at a certain
stage, that bring them close to essential hypertension and ischemia;
2) myocardiofibrosis as the outcome of a toxicoallergic and dysmetabolic

- process in the myocardium, with varying degrees of circulatory insufficiency
of the cardiac type; 3) atheromatous lesions to the heart, coronary, cerebral
and great vessels of the limbs, with clinical signs of atherosclerotic
cardiosclerosis and atherosclerosis of peripheral vessels, and local circu-
latory disturbances.

Among the reactions with gecondary involvement of the cardiovascular system,
we should make a distinction between the following syadromes during the -
period of formation of the process:

1. Cardiopulmonary syndrome developing as a result of diffuse pneumofibrosis,
mainly of the restrictive type, and progressive chronic pulmonary insuffici-
ency; bronchitis, bronchiolospasm and emphysema, with chronic respiratory
insufficiency of the obstructive type and periodic acute respiratory dis-
orders; toxic involvement of the alveolocapillary membrane with diffuse type
of pulmonary insufficiency and acute, subacute or chronic course.

2, Acute circulatory disorders of the circulatory collapse type, related

to poisoning by agents with systemic toxic action (carbon monoxide, cyanates,
organophosphorus compounds and others) that the vital metabolic and ener-
getic systems of the body, The main pathogenetic factor is histotoxic
hypoxia.

3. "Anemic heart" (in the broad interpretation of the term): Development
of this syndrome is attributable to toxic anemia, and it can also occur

= in cases of poisoning by agents that selectively strike the oxygen trans-
port systems without involving erythropoiesis (carboxyhemoglobin and met-
hemoglcbin producers, and others); the pathogenesis is similar to that of
hypoxemic and histotoxic circulatory disturbances.
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The slygnlflcance of the occupatlonal factor to the outcome ot the above

- syndromes is obvious; however, the initial status and intercurrent
general somatic diseases also have a detinite influence. This largely
determines the course of an occupatiovnal disease, extent of involvement of
the cardiovascular system and completeness of compensation at the long
tem.

In view of the fact that the authors of the next special chapters use the
terminology we have cited, while the definitions are arbitrary to some
extent, we consider it useful to briefly describe the chief elements of
the syndromes that have been singled out.

1. Neurocirculatory dystonta occurs in one of two types:

a. Hypotensive type, with the following main etiological factors: radiation,
radio wave emission, hypokinesia, emotional stress, toxic agents with neuro-
tropic and mainly vascular action, overheating and others. The preclinical
stage may last for a very long time. It is related to the prime patho-
genetic mechanism, the change in regulation and reflex change mainly in
local hemodynamics. Energy is adequately supplied to the body and the
functions of vital organs and systems are also adequate for a long time.

The main clinicophysiological manifestations required to make the syndromal
diagnosis are: arterial hypotension, mainly vagoinsular type of regulation
with corresponding signs of impairment (with loads) of segmental regional
circulation, hypotension and dystonia of arteries and veins in different
parts of the body. The changes constitute a set of adaptational and
compensatory shifts of reflex origin, or they occur as a result of primary
changes in central hemodynamic regulation. In most cases, the prognosis

is good and there is no development of circulatory deficiency in vital
organs. The main therapeutic and preventive measures amount to improvement
of mechanisms of circulatory regulation and, when indicated, reduction of
intensity of or discontinuation of exposure to the etiological factor.

b. Hypertensive type: The main etiological factors are emotionally intense
work, exposure to noise, physical overloads, emissions from electromagnetic
fields and radio waves, intensive heat., The following serve as substantia-
tion of the clinical syndrome: hyperkinetic and spastic type of hemodynaic
disorders with elevated or normal systemic arterial pressure. At a certain
stage, this leads to appearance of signs of insufficiency of circulation,

at first local and then system, combined with changes of a compensatory nature.

2. Myocardial dystrophy: The main etiological factors are: exposure
of the cardiac region to massive doses of ionizing radiation, intake of
organic metal compounds which are potential allergens in a specific state,
extreme effects of excessively intense factors (overheating, electric
trauma, barotrauma, toxic agents with sympathomimetic action). The
clinical symptoms usually develop acutely, and they are characterized by
signs of rapidly appearing circulatory insufficiency: tachycardia, drop of
arterial pressure, change in electrocardiographic indices, indicative of
diffuse involvement of the myocardium and cardiac innervation (blocked
impulse conduction, arrhythmia, etc.).
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3, Peripheral vascular syndromes (dysmetabolic and toxicoallergic
local circulatory disturbances): The chief etiological factors are: some
radioactive substances (polonium, plutonium), local vibration, overcooling
and excessive strain of individual muscles, toxic agents with selective
tropism for vessels (hydrogen sulfide, lead and others).

The preclinical stage may be protracted, and it is related primarily to
innervation and dystonicdisturbances (in the presence of signs of com-
pensated regional circulation). Subsequently, there is usually slow pro-
gression of anatomical structural and circulatory disorders in the arterial,
venous and lymphatic systems.

The following serve as grounds for the clinical diagnosis of a full-fledged
syndrome: clinical and physiological indices of altered tonus of peripheral
vessels varying in nature, and insufficlency of regional and systemic cir-
culation. The latter occur in the form of local and systemic crises, more
often with hypertensive reactions. The clinical variants depend on the
predominant localization of the process (veins, arteries, lymphatic vessels
and capillaries in specific parts of the body).

The prognosis is determined, to a significant extent, by the localization
and severity of morphological changes in the vascular wall, as well as
lability of general regulatory systems of hemodynamics, hemocoagulation,
metabolic constitution and age.

- Ganglioblocking agents, products that improve trophics and microcirculation,
regional hemodynamics, hypotensive and desensitizing agents, and anticoagu-
lants are used for treatment,

4, Cor pulmonale: The following are causes of development of cor
pulmonale:

a. Diffuse pneumofibrosis. Chief etiological factors are diverse types of
dust, local irradiation of respiratory organs, intake via ’nhalation of
some toxic agents, In typical cases, there is a lengthy preclinical
stage.of roentgenological and morphological changes. The prime clinical

- symptoms that substantiate the diagnosis are: roentgenological signs of
diffuse fibrosis of lung tissue, moderate and slowly progressing respira-
tory insufficiency, mainly of the restrictive type, and regulatory disturb-
ances of dynamics and structure of the respiratory act. In uncomplicated
cases, the prognosis is relatively good. The main therapeutic and pre-
ventive measures should be directed toward arresting progression of
fibrosis and collagen formation, with due concideration of all factors
contributing to development of these mechanisms (polyvinylpyridine-N
oxide, hormones, treatment of infections) and normalization of regulation
of respiration.

b. Bronchitis, bronchiolospasm and emphysema. The main etiological factors
are: irritant and allergenic substances, dust, some acutely toxic agents
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in the heptyl and phenylhydrazine group. The infectious component plays a
substantial role in the clinfeal course oi (he syndrome. The c¢linical diag-
nosis is backed up by typical symptoms of bronchitis, emphysema of the

lungs and bronchiolospasm, early development of ventilation disorders,
mainly of the obstructive type, signs of hypertension in the pulmonary
circulation and, in acute cases, marked respiratory disturbances. The
prognosis ranges from relative good, in the case of a chronic course, to
extremely poor, with development of marked cardiopulmonary insufficilency

and possibility of acute respiratory disturbances. The therapeutic measures
should be directed, first of all, toward lmproving and normalizing bronchial
patency and hemodynamics in the pulimonary circulation, as wall as prevention
and treatment of infectious complications.

¢. Toxic or toxicoallergic tuvolvement of the capillary-alveolar membrane.
The chief etiological factors are: toxic agents with acute toxic effect on
. the bronchopulmonary system (phosgene, nitric oxide, chemical warfare
agents, bevyllium and some radioactive substances when the route of intake
is by inhalation, which are very soluble and have a high specific activity--
polonium and plutonium). In acute cases, the clinical course has distinctly
circumscribed phiases related to the main stages of pathogenesis: blocked
transport of blood oxygen through the alveolar membrane, reflex change
in hemodynamics, first in pulmonary and then systemic circulation,
hypoxia and relatively rapidly developing circulatory insufficiency. The
syndrome is established on the basis of conventional diagnostic criteria
for pulmonary cdema. This also governs the main directions of therapeutic
measures, as well as prognosis.

h In chronic cases (for example, berylliosis), the dlagnosis is based on the
presence of clinical signs of progressive respiratory deficiency, with dis-

tinct and early development of diffusion disturbances, against the background

of clinical and roentgenological manifestations of diffuse granulomatosis
or interstitial lesion to lung tissue. The prognosis depends on prompt
discontinuation of contact with the toxic factor, early detection of the
syndrome and its structure, with appropriate pathogenetic therapy directed
toward normalizing the immunological status of the organism, eliminating
or attenuating hypoxic disturbances and improving hemodynamics.

- ' 5. Acute circulatory disorders: Acute circulatory disorders develop
under the influence of systemic toxic factors of an occupational nature
(carbon monoxide, cyanates, etc.). These states do not require special
jdentification; the chief clinical signs correspond to well-known syndromes
of collapse, cardiogenic shock, vascular crisis, etc.

6. Hypoxic heart: The main etiological factors are: carboxyhemoglobin
and methemoglobin producers, many nitro derivatives of benzene and other
toxic agents with hemolytic and erythropoiesis-depressing action. Endo-
genous and exogenous factors of a nonoccupational nature play a large role.
With respect to condition of the heart, the preclinical stage is related
to the rate of development and severity of hypoxemia (anemia) and tissular
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hypoxta, Clinfeal substantiation of the diagnosfs and methods of treatment
are the same as for well-koown sintlar discases of any other etfology
(Manemic heart"),

T this sectdon, we have thus made an attempt to classify syndromes only
of cardiovascular dlsorders as affected by varfous occupational factors.
The fmplicatfon is that they constitute a complicated clinical symptom
complex of occupatfonal disease of diverse etiology. In the diagnosis,
formulatfon of the gyndrome in accordance with fta significance to the
clinfcal course and prognosis are indicated, as well as link with a
specific occupational situation.

The strict subdivision of syndromes is arbitrary; there may be transitional,
combined variants of reactions, and this depends on the extent of involve-
ment in the process of other organs and systems, as well as the general
correlations established in the patient's organism, Depending on the
concrete syndrome, its role at a given moment in the clinical findings

and prognosis, as well as thanatogencsis, this part may vary as to the
place {t will hold in a comprehensive formulation of the dingnosis of

an occupational disease.
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CHAPTER 3. THE CARDIOVAST” .2 SYSTFM AS RELATED TO INDUSTRIAL POLLONING

(Text] Or~ of the most important aspects of control of dincases of the
heart and vessels is identi{fication of the etiology and pathogenesis of
guch diseases, Industrial *oxfc agents are 1l:oo of great interest in
this regard. It is particularly fwmportant te study the condition of the
cardiovascular system in the casc of caronic esposure to such common
{ndustrial toxic agents as lead, carbon disulfide and benzene.

Soviet scientists have made a signiffcant contribution to the study of the
effects of carbon disulfide and benzene on the body (E. A. Dregichina, 1940,
1968; M. A. Kazakevich, 1954-1963; A. M, Rashevksaya, 1968; L. G. Okhnyanskaya,
1968; L. A. Zorina, 1965, 1971, and others). There is information in the
literature about changes in the circulatory system in cases of lead poison-
ing (M. A. Kovnatskiy, 1961, 1964; V. A. Vasil'yeva, 1966, 1967; Toppich,
1963; Minden, 1963, and others), carbon disulfide peisoning (G. Ya. Bakeyeva,
1963, 1969; Vigltani, 1954, 1957, and others) and benzene poisoning (P.
Mytonik, 1931; L. N, Khizhnyakova, 1964; Koelsch, 1935, and octhers). Most
works dealing with the condition of the circulatory system are usually

based on investigation of only some hemodynamic indices and on a small
amount of material, For this reason, there is no agreement as to the

nature of changes in the cardiovascular system under the influence of

the above toxic agents. Nor are there data on the coursze and outcome of
demonstrated circulatory disturbances. Yet, not only a correct conception
of the essence of the pathologiczl process of poisoning, but more effective
treatment and proper answers to expert questions depend on solving these
problems.

In addition to a comprehensive general clinfcal work-up on patients, a
set of methods can be used (mechau.cardiography, plethyswography, electro-
cardiography and polycardiography), which determine the main hemodynamic
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parameters (all forms of arterial pressure, cardiac output, peripheral
resistance, tonus of peripheral and cerebral vesseis, bloelectric activity
and contractile function of the myocardium), for in-depth studies of the
functional state of the cardiovascular system,

The combined use of the above methods makes it possible to describe at one
time the changes in various elements of hemodynamics and correlations be-
tween them, which permits detection of early disturbances in the circula-
tory system, more accurate description of clinical syndromes of cardiovas-
cular disorders and mechanisms of their development.

Clinical Characteristics and State of Cardiovascular System in the Presence
of Chronic Carbon Disulfide Polsoning

Carbon disulfide poisoning is known for over a century as an occupational
digeage, It is found primarily among workers in the viscose fiber industry.
A radical change in the technological process in the viscose industry,
which was made in thz last few years, resulted in a significant decline

in level of air pollution by carbon disulfide., Nevertheless, in virtually
all countries of the world, carbon disulfide poisoning holds a prominent
place among occupational diseases.

Carbon disulfide, which i{s a poison that strikes primarily the nervous sys-
tem, causes acute, subacute and chronic poisoning. Numerous experimental
and clinical studies dealing with {ts toxic effects are concerned mainly
with changes in the nervous system (E. A, Drogichina, 1940; A. A. Model',
1957; Ye. Ts. Andreyeva-Calanina, 1958; M. A, Kazakevich, 1962; Zh. I.
Abramova et al., 1967; N. B. Andreyeva, 1969; Pogorzelski, 1956; Straneo,
1961; Gobbato, 1964; Minden, 1967; Dorezak, 1968; Ferrero, 1969). 1In the
case of acute poisoning, carbon disulfide has mainly a narcotic action.
Acute and subacute poisoning can lead to persistent organic lesion to the
cer2ral nervous system of the encephalomyelitis type, with loss of mental
faculties (A. A. Kwvorkyan, 1955, and others). In the foreign literature
(Attinger, 1948, 1952; Rechenberg, 1957; Weist, 1957; Vigliani, 1957, 1962;
Navarro Martinez, Farina, 1969), there are descriptions mainly of severe
chronic carbon disulfide poisoning associated with diverse forms of organic
lesions to the central nervous system with development of signs of the
extrapyramidal syndrome, pseudobulbar paralysis, hemiparesis, mental dis-
orders with delirium or schizoid elements and, not infrequently, ending
with fecble-mindedness. There are indications of severe lesfons to the
peripheral nexvous system as well, in the form of polyneuritis with mus-
cular atrophy.

In the Soviet Union, the broad implementation of sanitary and hygienic
measures has aided in lowering significantly the concentration of carbon
disulfide in air and virtually total disappearance of severe forms of
poisoning. Clinical and physiological studies of individuals exposed to
low concentrations of carbon disulfide (L. N. Gratsianskaya, G. Ye,
Rozentsvit, 1950; M. A. Kazakevich, 1954, 1963; 0. D. Chepik, 1957; L. M.
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Kashin, 1966; . A, Drogichina, 1968; L. Ye. Milkov, N. K. Byalko, 1909,
and others) and experimental data (Ye. V. Lyvadova, 1953; M. A. Kazakevich,
M. S. Tolgskaya, 1960, and others) bruadened the theoretical and clinical
conception of the toxic process in chronic poisoning. It was noted that,
under such conditions, the toxic process develops insidiously and may
present few symptoms for . certain time (compensation).

1t was established that, even at the earliest gtapges of exposure to carbon
disulfide, there is development of disturbances of cortical prucesses,
characterized by prevalence of inhibitory processes with concurrent in-
creage in exhaustibility thereof. Clinically, the early stages of chronic
poisoning are associated with functional disorders of the central and peri-
pheral nervous system in the form of nenrasthenia, autonomic and endocrine
disturbances, signs of sens. :y polyneuritis. With continued contact with
carbon disulfide, there may be progression of signs of poisoning, with a
turn to the stage of organic changes, when diffuse involvement of the
central nervous system occurs, on the order of encephalopolyneuritis or
encephalomyelopolyneuritis,

In the last few years, clinicians have been concerned with the increasing
number of patients suffering from diverse and, not infrequently, severe
forms of diencephalitis ['diencephalosis"], with which ao symptoms are
demonstrable that are inherent in severe forms of chronic carbon disulfide

- poisoning (G. €. Rozentsvit, 1959; E. A, Drogichina, M. N. Kyzhkova, 1967;
M. N. Ryzhkova, 1969; A. A. Model' et al., 1969, and others).

Litt'2 attention is given in the literature to the toxic effects of carbon
. disulfide on the circulatory system, Yet long-term observation of patients
- has shown that cardiovascular disturbances play a significant role in the
symptomatology of chronic carbon disulfide poisoning.

In our experience (110 women and 41 men, mainly up to 40 years of age--81%,
employed in spinning wmills of a chemical fiber combine, who were exposed to
relatively low concentrations of carbon disulfide for a long period of time),
clinical signs of chronic poisoning usually appeared after 5-7 years of
working in contact with carbon disuliide, and they were characterized by
changes in the peripheral and central nervous system. In most cases (82%)
they were functional in nature, in the form of vegetovascular dysfunction
(32.5%) and asthenovegetative syndrome (44Z), often combined with signs of
vegetosensory polyneuritis and the polyneuritis syndrome (5.5%). Organic
changes in the form of encephalopolyneuritis were seldom seen (182). In
addition, regardless of the functional or organic nature of nervous system
disorder, 60% of the patients presented signs of involvement in the patho-
logical process of the hypothalamodiencephalic region, and 34,47 of them
periodically developed vegetovascular crises characterized by sudden wor-
sening of wellbeing, appearance of severe headaches, chills, fever, numb-
ness of the extremities, choking sensation, palpitations, cardiac pain and,
not infrequently, elevation of arterial pressure. The symptomatology

of the subjects, with regard to nature of complaints (headaches, vertigo,
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Increased irritability, sleep disorders, impaired memory, pain in the limbs
and numbness) and changes in the nervous system (polymorphous symptoms in-
herent in a process localized in the mesencephalon, mild symptoms of reflex
and sensory disorders, autonomic and emotlonal disturbances), was similar
to that usually observed in poisoning cases (M. A. Kazakevich, 1962, 1963;
M. N. Ryzhkova, 1971, and others)., At the same time, in addition to neuro-
logical complaints, there were rather prominent complaintg of cardiac

pain varying in nature and intensity (86%), dyspnea (37%), palpitations

and intermittent heart beats (34%). In patients with signs of hypothalamic
involvement, cardiac pain was observed more often and it was more marked.
In some cases, the cardiac symptoms were the chief ones in the clinical
syndrome (angina pectoris, myocardial infarction). However, quite often
complaints of heart pain were not associated with myocardial changes. Evi-
dently, in some cases they are the result of marked neurasthenia, which is
inherent in such patients.

Studies of the functional state of the cardiovascular system show that,

N along with changes in the nervous system, cardiovascular disorders are
equally typical clinical signs of poisoning; they are characterized by
changes in the main hemodynamic indices: arterial pressure, cardiac output,
bloelectrical activity and contractility of the myocardium. Several authors
(G. G. Lysina, 1958; G. Ye. Bakeyeva, 1969, and others) report a rel=rively
high {ncidence of arterial pressure drop (23 to 59%). N. A. Vigdorchik
(1938), Vigliani, Gobbato et al. (1957), Rechenberg (1957) and others
clagsify carbon disulfide with toxic agents that elevate arterial pressure.
Ye. N, Artem'yev and T. S. Konovalova, S. F. Shirokaya et al. (1963) indi-
cate that unstable arterial pressure is observed with chronic exposure to
carbon disulfide,

Studies involving tachyoscillographic recording from the right and left
arm revealed a statistically reliable elevation of all forms of arterial
pressure (as compared to a control group; p<0.001): end or maximum My
(in 39Z of the patients), lateral or true systolic N,, (48%), mean dynamic

(442) and diastolic M; in 40% of the patients. Table 1 1lists data
pertaining to the main hemodynamic indices of patients and individuals in
the control group.

Concurrent elevation of all types of arterial pressure was observed in 38%
of the patients, while 6%, with normal levels of M, and M,, presented
elevation of My alone or combined with Ny.

Isolated elevation of mean or true pressure, as well as brief elevation
and lability of pressure, are interpreted by many researchers as an early
precursor of essential hypertension (Ye. M. Tareyev, 1948; V. G. Fleyshler,
1953; 1. A. Ryvkin, 197i; Alam, Smirk, 1938, and others).

It is known that arterial pressure level depends on many circumstances, but
it is determined chiefly by two factors: amount of blood pumped by the heart
in the arterial system per unit time, i.e., minute blood volume (MV), and
peripheral resistance (resistance blood encounters invessels and especially
in the precapillary region).
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Studies have shown that the mechanlsm of elevatinon of arterial pressure in

the presence of carbou disulfide poisoning, iike that of essential hyper-
tension, 1s based on disturbances of normal correlations between peripheral
resistance and cardiac output., Increased peripheral resistance plays the
leading role in elevation of arterial pressure. The findings of studies

of the correlation betwecn minute volume (MV) of blood and specific periphueral
resistance (SPR) conducted on 146 patients are 1isted in Table 2.

Table 2. Correiation between MV and SPR in patients suffering from carbon
disulfide poisoning (146 patlents examined)

) Below At due | Above due
- MV due level levels
level/b
SPR WYL (41 -70%
i ~ 15-302) (£x10%) | (hy 15-70%)
Below due levels (by 15-307%) - - .
At due levels ($107%) — — a8
Above due levels (by 15-1427)] 27 35 6

- In 45 (31%) of 64 patients (44%) with elevated mean dynamic pressure, the
rise was due to decreased patency of the precapillary system, i.e., spastic
condirion of precapillaries, and inonlyl9 cases (13%) was it due to an
increase in MV,

Repeated readings of arterial pressure by the method of Korotokov revealed
unstable indices My (ranging from 25 to 70 mm Hg) and M, (fluctuations up
to 40 mm Hg) in 66% of the patients, with a tendency toward hypotensive
(22.5%) or hypertensive (43.7%) reactions.

The demonstrated instability of arterial pressure, combined with clinical
data, is evaluated as neurocirculatory dystonia of the hypotensive and hyper-
tensive types. And while the percentage of hypotensive reactions did not
present any appreciable differences as related to different forms of poison-
ing and was unrelated to the condition of higher autonomic centers, the
hypertensive reactions were observed more than twice as often (57%) in

- patients with signs of hypothalamic involvement than those without them (23%).

We failed to demonstrate a clearcut 1ink between arterial pressure indices
and ophthalmoscopic findings. However, changes in vessels of the fundus
were the most marked (angiopathy) with elevation of arterial pressure.

"We must concur with N. N, Savitskiy, that the term "neurocirculatory dystonia"
- characterizes not so much the tonus of vessels as it does impairment of
tonus of the central system that regulates circulatory functions, a disturbance
inherent in a normal level of vital function of higher branches of the central

nervous system.
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In viewof the fact that the highest incidence of elevation of all forms of
arterial pressure and hypertensive form of the neurocirculatory syndrome
was observed in patients with signs of hypothalamic pathology, a link is
suggested betwcen these changes and disturbances of the hypothalamic
reglon which, as we know, implements adaptational and regulatory functions
in the body (N. I. Grashchenkov, 1963).

At the present time, one can consider it the most likely that the neuro-

- circulatory syndrome 18 un expression of neurosis c¢f higher autonomic
centers in the hypothalamic region. With this syndrome, increased excita-
bility and concurrent instability of higher vegetative centers are observed.

In view of the wide lability of arterial pressure, with a tendency toward
hypertensive reactions and elevation of all types thereof in a considerable
number of patients with chronic carbon disulfide poisoning, it can be con-
cluded that the latter is associated with a tendency toward development of
egsential hypertension. This is also confirmed by the results of a dynamic
study of patients with carbon disulfide poisoning over a period of several
years, which indicated development of more persistent hypertension, with

a turn to essential hypertension, in the case of stable and progressive
course of intoxication.

On the basis of current data, which are indicative of impairment of cortical
processes and injury to deep parts of the brain (hypothalamic region) under
the influence of carbon disulfide (E. A. Drogichina, L. G. Okhnyanskaya et
al., 1954; M. A. Kazakevich, 1963; A, A, Model' et al., 1969; M, N,
Ryzhkova, 1971) and current conceptions of the pathogenesis of essential
hypertension, it is justified to assume that development of the neurocir-
culatory syndrome and essential hypertension in cases of carbon disulfide
poisoning depends on impairment of neuroreflex mechanisms of regulation

of cardiovascular function as a result of exposure to carbon disulfide.

One must also take into consideration the sequence of development of the -
clinical symptoms and prime role of the so-called specific symptom complex
referable to the nervous system, which is inherent in poisoning.

The demonstrated incidence of increased tonus of the aorta and, particularly,
of pecripheral arteries of different caliber with asymmetry and different
direction of changes in arterial tonus in different segments of the blood
stream is also a result of impaired neurovascular regulation and one of the
manifestations of the syndrome of neurocirculatory regulation, as well as
one of the manifegtations of the syndrome of neurocirculatory dystonia.

- . Thus, the pulse wave propagation velocity (PWPV) in vessels of the elastic
type (C,) in the carotid-femoral artery (accoiding to aorta) segment was
above normal in one-third of the patients (37%).

An increase in PWPV in vessels of the muscular type (Cp) was observed much
mwore often: in 79% of the patients in the brachial-radial artery segment
(arm) and 68%, in the femoral artery-dorsal artery of the foot segment.
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The elasticity modulus, expresged as the velocity of propagation of the pulse
wave, which more accurately describes elasiicity of the vascular wall,

was elevated in vessels of the elastic type (Eq) in 48% and in vessels of

the muscular type (Ey) in 75%.

- The demonstrated elevation of ratio between veloclties (Cm/C ) and elasticlity
moduli (E_/E ) of vessucls of the muscular and elastic type (over 1.4) found
in 707 of the patients indicates that the elasticity properties of the
walls of muscular arteries are greater in these patienty than those of
elastic arteries.

The incidence of elevated PWPV, high C_/C, and E /E_ was reliably higher
among patients with signs of functtonaT disturbances of the hypothalamic
region than in patients with it such signs.

According to volumetric pulse on digital plethysmograms, tonus of peripheral
arteries with small caliber was accentuated in the fingers of most patients
(60.7%) and toes of a considerable number of cases (43.6%).

A comparison of indices of pulse wave velocity and plethysmographic findings
to such clinical signs as complaints of pain in the limbs, coldness and numb-
- ness thereof, revealed that pain of the extremities was associated with
signs of vegetosensory polyneuritis, which are often seen in patients with
normal and accentuated tonus of arteries of the limbs. Complaints of
cold and numb limbs were clearly associated with elevated pulse wave indices.
The higher incidence of increased tonus of peripheral arteries in patients
with ~igns of hypothalamic involvement and increased sensations of cold and
numbn:ss in patients with signs of hypothalamic pathology at times of
vegetative crises are indicate of a link between hypertonia of peripheral
arteries and involvement of the hypothalamic region, which apparently
includes structures that participated in regulation of vascular tonus.

In spite of the established opinion that tonus of cerebral arteries is
increased in the presence of carbon disulfide poisoning, studies of cerebral
circulation by themethod of orbital and temporal plethysmography, using a
cuff to occlude the cervical veins, indicate that a decrease in tonus of
intracerebral arteries (42%) and veins (52%) is the most frequent cause of
cerebral hemodynamic disorders, which are often dominant in the clinical
syndrome of intoxication. V. P. Zhmurkin observed analogous changes in
cerebral hemodynamics in the presence of essential hypertension.

Virtually all of the patients (95%) complained of headache. However, it

was attributable to hypertension of cerebral arteries in only 167, and

a different mechanism of hypertension (neuralgia, migraine) was involved

in 20%. In most cases (59%), headache was due to inadequate tonus of cerebral
veins. Of the 59% cases with typical dull or excruciating headaches of
occipital or frontal localization, which became worse when the body was
inclined and often associated with vegetative disorders, 50% presented

rather marked hypotonia of cerebral vessels (hop>86 m?®), and in 25% of the
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cages it was assoclated with a decrease in tonus of cerebral arteries,
causing difficult efflux of blood from the cranial cavity. In 9% of the
patients, tonus of cerebral veins was normal, buL a low arterial tonus
(aop>lS mm?)* caused excessive influx (Table 1).

The role of hypotonia of cerebral veins in the genesis of headache was
confirmed with particular distinction in pharmacological tests, Wellbeing
of patients improved under the influence of a vasoactive agent (no-shpa
(6, 7, 3',4'~tetraethoxy-1-benzal~-l,2,3,4-tetrahydroisoquinolone hydro-
chloride]) along with increase in tonus of cerebral veins.

In the light of the foregoing, from the standpoint of therapy it is important
to know which vascular disturbance (arterial or venous) is prominent in
the clinical signs of poisoning.

The functional state of the myocardium is porticularly significant in develop=-
ment of hemodynamic changes.

According to the data of most clinicians (G. G. Lysina, 19565 V. G. Belikov,
G. G. Zakharov et al,, 1965; G. Ya. Bakeyeva, 1969; Weist, 1957, and others),
in the case of chronic exposure to carbon disulflde, contacts often present
complaints and changes referable to the heart (unpleasant sensations,

sharp or compressive pain, palpitations, dyspnea, dull sounds and systolic
murmur over the heart), These symptoms and complaints progressed with
increase in work tenure involving contact with carbon disulfide (Ye. N.
Artem'yev, T. K. Konovalova, 1962, and others).

A. A. Model' and E. S. Navrotskaya (1958), who made an electrocardiographic

. study of 66 patients with early signs of chronic carbon disulfide poisoning,
discovered changes in T wave, S-T interval and low voltage of the QRS
complex, which they evaluated as a sign of functional weakness of the myo=-
cardium occurring as a result of impaired corticosubcortical regulation;
these signs were present in addition to rhythm disturbarces (bradycardia or,
more often, tachycardia).

G. Ya. Bakeyeva (1963, 1969) found changes in the terinal part of the
ventricular complex (shifting of S-T interval, decline or inversion of T
wave) and signs of diminished myocardial contractility, indicative of
hypodynamia of the mycoardium, along with functional disorders of the
nervous system, in over one-~third of the patients she examined. The
physiological electrocardiographic, ballistocardiographic and polycardio-
graphic changes she demonstrated, combined with the complaints and clinical
manifestations of intoxication, were evaluated as myocardial dystrophy.

V. A, Vagil'yeva et al. (1966) describe analogous changes and interpreta-~
tion.

*Hop and app=~tonus of cerebral veins and arteries, respectively, deter-
mined by orbital plethysmography.
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Pathoanatomical and pathohistological data on animal organs in the presence
of experimental chronic carbon disulfide poisoning (G. G. Lysina, 1956; M. A.
Kazakevich and M, S. rolgskaya, 1962) are also indicative of onsget of dys-
trophic changes, not only {n neurons of the central nervous system, but in
other organs, including the myocardium,

Unlike the above=mentioned researchers, Gobbato et al., (1964), Lilis et al.
(1965) and others attribute the decline of EKG waves with change in terminal
part of the ventricular complex (in patieuts with chronic carbon disulfide
poisoning) to atherosclerotic lesion to the heart and development of
coronary insufficiency. Navarro Martinez and Farina (1969) observed signs

- of sclerosis of coronary vessels with development of of myocardial infarc-
tion (6,6%) in 15.6% of the patients with signs of severe, chronic carbon
disulfide poisoning associatnd with atherosclerotic changes in cerebral and
renal vessels, Ambrosio (1957) reported development of myocardial infarction
in some patients with severe carben disulfide polsoning, but he believes
that coronary vessel involvement is rarely encountered under the influence
of carbon disulfide.

Our electrocardiographic studies (Table 3) revealed disorders referable to
cardiac rhythm (bradycardia in 14.7% of the patients and tachycardia in
20.8%) and changes in bioelectrical activity of the myocardium (decline,
flattening or inversion of T wave), which were diffuse in most patients.

The signs of impairment of processes of myocardial repolarization in 36.2%
of the patients, with due consideration of the entire symptomatology of
the disease (cardiac pain, dull sounds, systolic murmur and others) can be
evalusted as dystrophy of the myocardium.

The diffuse and dystrophic myocardia changes, as well as vascular dysfunction,
are persistent and closely related to the severity of disturbances in the
nervous system, and primarily in its superior vegetative centers.

Myocardial changes are observed more than twice as often (472) among
patients with signs of hypothalamic involvement as in patients without such
signs (20%), and they are more marked.

Investigation of contractile function of the heart, which is the main re-
sultant function of cardiac activity, made it possible to demonstrate the
hyperdynamia and hypodynamia syndrome.

The phasic hyperdynamia syndrome, which was observed in 30Z of the patients,
was characterized by an increase in indices of efficiency of systole (intra-
systolic index) to 91-97%, mainly as a result of shortening of the period of
igometric contraction, i.e., the period of cardiac preparation for ejection
of blood into the great vessels (0.01-0.02 s). These changes can be
attributed to neurogenic intensification of cardiac function due to some
tension of the sympathoadrenal system.
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The syndrome of cardlac hypodynamia, which was demonstrated in 367 of the

patients, was characterized by a decline of indices of systolic efficiency

(intrasystolic index constitutes 80-86%) and longer phase of pressure

{ncrement (0.04-0,06 s). It is attributable both to increase in peripheral

- resistance of the vascular system, which makes cardiac function difficult
in the absence of myocard‘al pathology, and dystrophy of the myocardium,
which induces very objuctive, though mild and compensated, decrease in
contractile function of the heart.

The mechanism of development of the observed changes in the heart is quite
complex in the presence of rarbon disulfide poisoning. In view of the dis-
orders of the nervous system and some parallel between them and the myocar-
dial changes, it may be assumed that they are attributable to disturbances
of metabolic trophic procesees in the myocardium as a result of impaired
central regulation, However, in view of the properties of carbon disulfide
as a toxic agent for cells, we cannot rule out its immediate effect, as
well as that of its metabolic products circulating in blood, on neural
elements of the myocardium and muscle cells.

The results of studies of functional state of the cardiovascular system of
patients with chronic carbon disulfide poisoning do not allow us to concur
with the data of some foreign authors (Legge, Goodby, 1921; Richenberg,
1957; vigliani, 1957, and others) who believe that carbon disulfide is not
go much a toxic agent for nerves as it is for vessels, and they attribute
the pathological changes that occur with intoxication, including encephalo-
pathy, to sclerotic lesions to the arteries of the brain and other vascular
regizas.

The authors arrive at such conclusions solely on the basis of clinical
examinations or studies of 1lipid metabolism.

Many authors have reported changes in lipid metabolism in the case of chronic
exposure to carbon disulfide (M. A. Kazakevich, G. S. Konnikova, 1962; Nofer
et al., 1964; Velvart, Ballog, 1961; Oleniczi, Plamioniak, 1963, and others).
As a rule, these disturbances consist of increase in blood serum cholesterol,
decreased bond between cholesterol and protein, reduced quantity of phospho-
lipids and change in correlation between o~ and B-lipoproteins, in the
direction of an increase in the B-fraction.

In the opinion of most researchers, the changes in 1ipid metabolism with
chronic exposure to carbon disulfide may be one of the factors involved in
development of atherosclerosis.

At the same time, Prerovska et al. (1963, 1968) believe that one should pro-
ceed very cautiously in assessing the effect of carbon disulfide on develop-
ment of atherosclerosis on the basis of the results of biochemical tests.

In a group of young workers exposed for a long time to carbon disulfide,
whom they had under dynamic observation, they found that, in spite of the
higher levels of cholesterol and B-lipoproteins in the blood of these indi~
viduals (as compared to a control group), they did not present clinical
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i signg of vascu' r sclerosis, efther at the first examination or Jater
} (after 6 years).

It is known tha*t, alchough fmpairment of cholestera] and 1ipid metabolinm

in general plays a large part in the pathogenesis of atherosclerosis,

this factor cannot be the primary cause. Enough facts have been accumulated
to indicate that atherosclerosis cannot be viewed sulely as the direct
result of impaired lipid metabolism or excessive intake of cholesterol.
Clinical observations, epidemiological studles and experimental data have
led to recognition of the prime role of the neurogenic factor in develop~
ment of atlerosclerosfs (P, Ye. Lukomskiy, 1963; A, L. Myasnikov, 1965, and
others).

The cholesterol elevation and impairment of other types of metabolism (pro-
tein, carbohydrate, mediator), as well as blogenous amines (epinephrine and
norepinephrine), which we observed in half the patients we examined, are
apparently related to the toxic lesfon and disturbances of central regula-
tory mechanisms, in particular, changes in functional state of higher
vegetative centers.

Many years of patient follow-up indicate that the course of chronic carbon
disulfide poisoning is adverse, involving prolonged stable or progressive
symptoms, not only referable to the nervous system, but cardiovascular
system, and that there 1s a correlation between circulatory changes and
nervous system disorders,

- The data obtained from dynamic studies warrant the belicf that the changes
in the cardiovascular system are not the only pathogenetic factors deter-
mining the clinical symptom complex of intoxication; on the contrary, they
develop as a result of changes in the central and peripheral nervous system
occurring under thc influence of carbon disulfide.

We deem it opportune to illustrate this thesis with some examples that
- characterize the clinical findings and condition of the cardiovascular
system,

Patient G., 28 years old, has been working since 1961 as a
mechanic servicing equipment and spinning machines at a
chemical fiber plant; he comes in contact with carbon di-
sulfide in concentrations up to 8 times higher than the
maximum permissible levels. He was at the institute clinic
due to chronic carbon disulfide poisoning, with the diagnosis
of marked vegetovascular dysfunction with vegetative crises,
asthenic state. His health was good in the past, In 1965,
he had a mildly acute case of crarbon disulfide poisoning,
after which he began to have periodic headachee, complained
of fatigability, irritability and sleep disorders. He
became a poor traveler. 1In 1968, his condition worsened:
more intensive attacks of headache associated with general
weakness, compressing pain in the heart with irradiation
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to the neck and left arm, cold extremities, pulsation and

tremor of the entire body. He wax hospitalized twice with
such attacks, with the dlagnosis of angina pectoris and
suspected myocard. sl infarction.  Such attacks (with eleva-

tion of arterfal pressure and tachycardia) were again observed
while the patier. was in the clinic,

Objective findinge when examined at the clinic: temperature
36,0-37.2°C, somewhat undernonrished, pale [ntegument.
Asthenia, Irritable and quick-teupered. Positive Horner's
symptom on the left, TFine trenor of the extended fingers.
Lively tendon reflexea., H-.pesthesia on the left of the
segmented type, Tenderness of vegetative cervical elements,
Pale pink dermogiapiism. The hands and feet are cold and
cyanotic, Ponr pulsation on dorsal arteries of the feet.
Artertal pressure in the range of 100/70 to 140/100 mm Hg.
Pulse 75-100 per min, Heart boundaries are in the normal
range, Sounds are loud and clear. No pathology of respi-
ratory and digestive organs. Examination of fundus of the
eye showed no change in retinal vessels. Blood test:
hemoglobin 142 g/f (1.42 g%); erythrocytes 3,8+10%/p4,
(4,800,000); color index 0.89; leukocytes 8.7+10%/us.
(8700); 1ymphocytes 20%; monocytes 5%; cosinophils 47;
basophils 1%; stab 2%; segmented 67%; plasma cells 173
erythrocyte sedimentation rate 7 mm/h. In blood serum:
free carbon disulfide 0.00016 g/% (0.016 mgZ), bound
0.0002 g/% (0.02 mgZ); cholesterol 1.9 g/f (190 mgZ);

sugar 0.85 g/ (85 mgZ%), acetylcholine and acetylcholine-
1ike substances 127 pg/mf, cholinesterase activity 0.4 false
and 1.26 true., Sublimate test 2.1, formol test negative.

Epinephrine excretion in urine 16,4 ug/s and norepinephrine,
39.7 ug/s.

Tachyoscillographic examination of arterial pressure (mm Hg):
M-86, Hy-~106, Ny--118, My--132, Ap--32, hemodynamic beat
(HB)~~14, " PWPV {in aorta 680 cm/s, in segment of braclial-
radial artery 1220 (on the right) and 1200 cm/s (on the
left), segment of femoral-dorsal artery of foot 1150 (right)
and 1140 cm/s (left). SBV [systolic blood volume}] 77.2 m §
actual MV is 542 greater than the proper level. The actual
SPR 18 14% less than due and 30% greater than the working
level. E,/E, 0.66. No pathological changes on the EKG.
Sinus rhythm, 75 beats/ain, The electric axis of the

heart is in normal location., Cardiac contractility is
characterized by longer duration of pressure build-up
(1c~=0.05 8). Tension phase 0.09 and ejection phase 0.25 s
(96% of proper level). KB [expansion unknown] 3.2, intra-
systolic index (ISI) 83, After treatment with tranquilizers,
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sedatives and vitamins (seduxen, Leonorus, devinkan,
corvalol, vitamins ¢, B, and B¢), the patfent was discharged
in {mproved condition and transferred to work not involving
contact with carbon disulfide and other toxic agents. The
above treatment was continued under polyclinic [outpatient]
conditions,

- When readmitted to the clinic 1| year later, there was sig-
nificant improvement of both subjective and objective signs.
The patient was stronger and calmer. Temperature was notr-
malized. There was reduction of vegetovascular dysfunc-
tion and virtual disappearance of vegetative crises. He
is rarely troubled by pain in the heart and headache, and
they occur mainly when he is overtired, Only some general
weakness, pain in the arms and paresthesia of the limbs
are reported,

Objective examination shows tenderness of muscles of the
shoulder girdle, The hands and feet are warm. Heart sounds
are clear. Arterial pressure 110/70-120/80 mm Hg. Examina-
tion of the cardiovascular system revealed normalization of
its parameters.

Tachyoscillography revealed the following arterial pressure
levels (mm Hg): M --74, H --98, N,,~-108, My,--120, PWPV in
aorta 630 cm/s, in brachial-radinr artery 850 (on the
right) and 900 cm/s (on the left), femoral-dorsal artery of
foot 870 (right) and 1000 cm/s (left). SBV 71.0 m , MV

- 18 61% above proper level. Actual SPR is 18% less than
proper and 257 more than working. The EKG is normal.
Phase structure of systole is normalized (ic 0.02 s, ISI 93).

In this case, a young man who had worked for a long time in contact with
carbon disulfide, after actue poisoning, gradually developed symptoms of
chronic carbon disulfide poisoning associated with marked vegetovascular
disturbances and vegetative crises. The cardiovascular disorders were
manifested by changes in arterial pressure with a tendency toward hyper-
tensive reactions, increased tonus of peripheral arteries, impairment of
normal correlations between peripheral resistance and cardiac output,
decreased efficiency of systole.

After treatment and discontinuation of contact with carbon disulfide, along
with considerable improvement of his condition and attenuation of changes
referable to the nervous system, there was also normalization of parameters
characterizing the state of the circulatory system., This case is interest-
ing in that the patient presented a combination of involvement of central
and peripheral vegetative elements. Marked irritatfion of the inferior
cervical sympathetic ganglion simulated attacks of angina.
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patient Zh., 35 years old, has worked for 9 years in contact
with carbon disulfide in concentrations that were 3=5 times
above the maximum permissible levels, In 1964, she was at
the institute clinic due to chronic carbon disulfide poison-
int, with the diasnosis of vegetovascular dysfunction with
signs of hypotha.amic fnsufficlency, hypertensive reactions
and myocardial dystrophy. WNo burdens in history. For the
last 2 years she has had headachss, pain in the hands and
feed, coldness and numbness of the latter, sharp pain in the
cardiac region and intermittent heart beat. She developed
fatigability, irritability and sleep disorders, This was
followed by attacks of headache associated with the feeling
of "shortage" of air, rush of heat to the face, pressure pain
in the heart, chiiis and tremor of the entire body, poly-~-
uria at the «<nd of the attacks.

Objective examination revealed: normal body temperature, some-
what overnourished, pale integument. Emotionally excitable.
Pupils are regular in shape, good reaction to light and con-
vergence. Tendon reflexes uniformly active. Mile hypesthesia
on the left, of the hemitype. Accentuated dermographism,
persistent, red. Hands and feet are cold, cyanotic. Arterial
pressure is unstable, with periodic elevations, 120/80-
150/100 mm Hg. Pulse rate 70-80/min. Heart sounds are dull,
systolic apical murmur. Roentgenoscopy of the heart re-
vealed some enlargement of the left ventricle, no change in
the aorta. No pathology of the lungs, digestive and re-
productive organs.

Examination of the eye grounds revealed severe constriction
of retinal arteries.

Blood test: hemoglobin 130 g/ (13 gZ), erythrocytes 4.55°10%/
ut (4,550,000), color index 0.85, leukocytes 4,810 /uf
(4800), lymphocytes 43X, monocytes 6%, eosinophils iz,

stab 5%, segmented 42%; erythrocyte sedimentation rate

15 mm/h. Blood serum: cholesterol 1.9 g/% (190 mgZ), sugar
0.91 g/& (91 mg%), lipoid phosphorus 0.06 g/% (6 mgZ).
Epinephrine excretion 10.5 ugl/s, norepinephrine 12 ug/s.
Wasserman negative.

Arterial pressure recorded by tachyoscillography (mm Hg):
My—98, My=-112, Ny—-142, My--160, Ap—44, HB 18. PWPV

in aorta ;60 cm/s, brachial-radial artery 1250 cm/s, femoral-
dorsal artery of foot 1090 cm/s.

SBV 50 m . Actual MV is 11% lower than proper level., SPR
58% above proper level and 40% above working level.
Eo/w 0.54. On the EKG, sinus rhythm, 73/min, P-Q = 0.14 s,
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QRS = 0,07 &, QRST = 0,35 (normal 0.36 8). RI = RII>RIII‘
Ry, slightly notched SVJ. ST11, avf, Vi, slightly low,
Trp1 mildly negative, Tayl,, ave low, Ty, flattened, Ty,.q
Jow. Normal position of electric axis of the heart.

- Moderate myocardial changes, mainly in left ventricle.
Phase structure of systole: Q--first sound--0.04 s, sphygmic
period 0.26 s (104% of due level), phasec of pressure build-up
0.04 s, tension phase 0,08 s; KB 3,6, ISI 87,

After treatment (belloid, Leonorus, vitamins B, and B,
dimedrol, calcium chloride), the patient's condition im-
proved appreciably; she became calmer, sleep was normalized,
there were fewer headaches and cardiac pain. She returned

to her former job (contact with carbon disulfide), but

soon headaches and irritability recurred. There was a signi-
ficant deterioration in 1968, Upon readmission to the clinic
5 years later she reports worsening of her condition: the
headaches became persistent, dull or intensive, mainly in

the frontal and occipital regions, often accompanied by
nausea, There was intensification of cardiac pain with
irradiation to the left hand, and the above-described

attacks occurred more often., Arterial pressure also rose
more often. Memory was impaired, She developed fear of
darkness,

Objective findings: she has gained weight, subfebrile tempera-
ture. The tongue is slightly deviated to the right. Mild
flattening of the right nasolabial fold. Tender supraorbital,
occipital and temporal points on the left. Mild hypesthesia
of the left half of the head and face. Abdominal reflexes are
diminished, and plantar ones absent. Arterial pressure is in
the range of 145/85-150/100 to 170/105 mm Hg. There is in-
tensification of the second sound over the aorta. Roentgeno-
scopy: unfolded type aorta. Examination of eye grounds:
moderate constriction of retinal arteries and dilation of
veins (angiopathy),

Tachyoscillographic recording of arterial pressure (mm Hg):
Mo-~-104, n¥--124, N,~-142, M,--160, p--38. HB 18, PWPV
1090 cm/s in aorta, 1280 cm/s in brachial-radial artery
segment, 1160 cm/s in femoral artery-dorsal artery of foot,
SBV 48.8 mf, actual MV is 5% above proper level. Actual SPR
is 377 above due level and 44% above working level. Eg/w
0.57. No significant dynamics on EKG.

The changes in phase structure of systole were also persistent:
Q--first sound 0.06 s, sphygmic phase 0.27 s (108% of due level),
pressure phase 0.04 s, tension phase 0.10 s, KB 3,0, ISI 87,
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In this case, a young women who had worked for a long time in contact with
carbon disulfide and had never been sick in the past developed signs of
chronic intoxication in the last 2 years, characterized by vepetovascular
dysfunction with signs of hypothalamic fnvolvement and cardiovascular dis-
turbances (hypertensive reactions, increased arterial tonus and peripheral
resistance, altered bloelcctrical and contractile functions of the myo-
cardium). In spite (f significant improvement after treatment, when she
continued to work in contact with carbon disulfide her condition worsened
and there was progression of poisoning symptoms (increased signs of vege-
tative dysfunction, metaboiic disorders, psychosensory phenomena). Along
with progression of changes in the nervous system, there were also dis-
turbances of the cardiovascular systom. The periodic elevation of arterlal
pressure, in the form of hypertznsive reactions, became more marked and
persistent in the natureof jcade IIB essential hypertension, which un-
doubtedly aggravates the course of intoxication.

Patient U,, 40 years old, worked for 12 years as an instrument
control man at a chemical fiber plant, which involved contact
with carbon disulfide in concentrations 3 or more times higher
than permissible levels. He was at the institute clinic

from 26 October to 6 December 1967 due to chronic carbon
disulfide poisoning (marked asthenovegetative syndrome with
signs of hypothalamic insufficiency, polyneuritis and
sympathetic inflammation of the truncus [truncitis]).

- He considers himself to have been sick for about 3 years.
No prior illnesses., He complains of persistent headache,
pain in the arms and legs, coldness and numbness thereof,
sharp or pressure pain in the cardiac region, sleep dis-
orders, loss of memory. In the last year, he developed
attacks of pressure pain in the region of the heart, asso-
clated with weakness and tremor of the body. He could no
longer tolerate wine, heat or traveling. Vertigo and
cloudiness of the eyes appear when he changes the position
of his body.

Objective examination: temperature 36-37,2°C, subcutaneous
fatty layer is satisfactorily developed, integument is
gomewhat pale. Emotional instability (he cries). Asthenic.
Corneal and conjunctival reflexes absent. Pupils dilated,
d>s. Tender supraorbital and occipital points, Erb's point,
neurovascular bundles on the forearms, legs, paravertebral
points of the cervical and thoracic spine (D;~D;). Lively
tendon and periostal reflexes, d =S; plantar: diminished on
the left, absent on the right. Rocking in Romberg's position.
Mild tremor of extended fingers. Hypersthesia of distal
parts of the arms (Cg-D3) and lower third of the thighs.

Hands and feet are cold, with marbly skin. Pink dermographism
appearing within 7-8 s and lasting over 6 min. Pulse 74/min.
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Arterial pressure is in the range of 110/70 to 140/90 mm Hg.
Heart boundaries are within normal ranze. Sounds are sig-
nificantly dulled. No pathology of lungs and digestive
organs, Examination of eye grounds revealed moderate di-
latation of retinal veins,

Blood test: hemoglobin 144 g/& (14.4 g%), erythrocytes

. 4,8¢10%/ uL (4,800,000), color index 0.9, leukocytes
7.510%/us (7500), lymphocytes 31%, monocytes 6%,
eosinophils 2%, basophils 2%, stab 5%, segmented 54%;
erythrocyte sedimentation rate 2 mm/h. Blood serum: frece
carbon disulfide 0.03 mg2%, bound 0.026 mg%, cholesterol
2,45 g/% (245 mgZ), sugar 0.94 g/& (94 mgZ), acetylcholine
and acetylcholine-like substances 12 ug/mf, pseudocholines-
terase activity 0.4, cholinesterabe 0.96. Sublimate test
1.91, formol negative. Wassermamnegative. Epinephrine
excretion in urine 1.44 pg/s, norepinephrine 6.7 um/s.

Tachyoscillographic recording of arterial pressure:

M --90, M --112, N --124, M --160, Ap--34, HB 36, PWPV

770 cm/s in aorta, 1280 em/s in brachial-radial artery,

1200 cm/s femoral artery-dorsal artery of food. S$BV 60 nf,
actual MV 62 above due level; actual SPR 25% above due

level and 26% above working level; EKG: sinus rhythm, 76/min,
Ri = Rr1>R Ry, >Sy,., QRS small, T low, T
fIatteééd.II&&:i!éntXi.elec%%Ic axis’ofI% e he;rt?VLSystolic
phase structure: Q-~first sound 0.06 s, sphygmic phase &
0.23 s (922 of due level), isometric contraction 0.05 s,
tension phase 0.11 s; KB 2,4, ISI 82,

After treatment (glutamic acid, belloid, ATP, glucose with
vitamins C and B), papaverine, adonisid, galvanic baths with
naphthalane emulsion), the patient reported improvement. But
very soon, in spite of discontinuing contact with carbon di-
sulfide, his condition worsened. When admitted to the
institute clinic 1 year later, there was no improvement of
wellbeing and objective condition. Hemodynamic parameters
presented no significant dynamics. Tachyoscillographic
recording of arterial pressure (mm Hg): Mn--94, M --110, N,--
122, M _-132, Ap--28, HB 10. y

Pulse wave propagation in aorta 770 cm/s, in brachial-radial
artery 1280 cm/s, femoral artery-dorsal artery of food 1060;
SBV 45 m ; actual MV equals proper level; actual SPR is 30%
above due level and 30% above working level. No dynamics
demonstrable on EKG (with the exception of isolated supra-
ventricular extrasystoles); the phase structure of the systole
also remained stably altered: Q--first sound 0.04, sphygmic
phase 0.25 s (95 of proper level), isometric contraction
0.05 s, tension phase 0.09 s; KB 2.8; ISI 82.
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In this case, a patient whose work for 12 ycars involved contact with

carbon disulfide, there was gradual development of symptoms of chronic poi-
soning, indicative of fuvolvement of the central and peripheral nervous sys-
tem (marked asthenovegetative syndrome with signs of hypothalamic involve=-
ment, signs of polyneuritis and sympathetic truncitis). In spite of
treatment and discontinuc! contact with carbon disulfide, the changes in the
nervous system are s'ible., Cardiovascular disturbances (hypertension, in-
creased tonus of vessels and peripheral resistance, decreased systolic
efficiency) arc also persistent, and thcy aggravate the course of poisoning.

- Patient D., 37 years old, has worked for 17 years as a spinner
at a chemical fiber plant, has been in contact for the last few
years with carbon dirulfide in concentrations 4 times higher
than permissible ! :vels.

She was admitted to the institute clinic with complaints of
headache and vertigo, pain in the arms and legs, coldness and
numbness thereof, cramps of the legs, sharp pain in the cardiac
region and palpitations, dyspnea upon physical exercise,
irritability, poor memory, poor sleep with frightening dreams,
tremor of right extremities.

For the first 2 years on the job (period when the shop was

- started up), the patient had several mild Louts of acute
carbon disulfide poisoning; after working for 5 years, she
developed headaches associated with nausea, vomiting and
weakness. In 1957, she developed pain in the arms and legs,
then numbness and cramps of the legs, Her condition
worsened significantly in the last 3 years, with more frequent
attacks of headache, which began to be associated with
vertigo; appearance of tremor of the limbs, deterioration of
memory; she began to tolerate pourly heat, odors and travel-
ing (associated with headache). She has a history of eczema
of the hands and cholecystitis.

Objective examination: temperature 36-37.2°C, well-developed
subcutaneous fatty layer. Tremor of right extremities, deterio-
ration of memory. Emotional instability, tearfulness and she
is shaking throughout the examination. Pupils s = d, with
attenuated reaction to light and convergence. The right corner
of the mouth is descended, the tongue deviates to the right.
Palatine and pharyngeal reflexes absent. Total hypesthesia
of superficial seasibility, more marked on the limbs, better

- (but not normal) on the soles, around the oral and anal region.
Mild retropulsation. Tonus of the legs increased, of the
extrapyramidal type. Periosteal and tendon reflexes altered
on the arms: d somewhat more than s. Knee reflexes (s = d)
1ively, abdominal (s = d) present but very transient, plantar
diminished. There are elements of bradykinesia (slow performance
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of tests). Rhythmic pulse 48-52/min. Arterial preasure in
the range of 170/110 to 110/80 mm lig, rlevation first demon-
strated and normalized 4 days after admission. Dull heart
sounds over the apex; stronger second sound over aorta.
Roentgenoscopy of the heart showed some enlargement of the
left ventricle, no change in aorta, No change in vessels

of the eye grounds.

Blood test: hemoglobin 128 g/& (12,8 g%), erythrocytes
4.1410%/ut  (4,100,000), color index 0.94, leukocytes
4,1010%/ut  (4100), lymphocytes 32%, monocytes 6%, eosino-
phils 1%, basophils 1%, stab 4%, segmented 57%; erythrocyte
sedimentation rate 11 mm/h., Blood serum: 0,020 mg% free carbon
disulfide, no bound carbon disulfide, cholesterol 2.7 /2

(w70 mg%), sugar 0.9 g/& (90 mgZ), lipoid phosphorus 0.073 g/%
(7.3 mg¥), acetylcholine and acetylcholine-like substances

189 pg/mk. Pseudocholinesterase activity 0.320, cholines-
terase 1.06. No epinephrine or norepinephrine in urine.
Negative Wassermann, Analysis of duodenal contents rnegative,

Tachyoscillographic examination of arterial pressure (mm Hg):
Mq--76, My=-90, Ny~-1-8, My--118, Ap--32, HB--10. PWPV

670 cm/s in aorta, 1220 cm/s (on the right) and 1150 cm/s
(left) in brachial-radial artery, 700 cm/s (right) and

1300 cm/s (left) in femoral-dorsal artery of foot; SBV 68.2 mf.
Actual MV 15% less than proper level, SPR 28% above proper
level. EKG: sinus rhythm, 51-54/min PQ 0.16 s, QRS 0.08 s,
QRST 0.40 s (normal 0.43 s). Rp>Rip>Rirqs Rys>Sygs S II,1I1,avf
accentuated, Ty mildly positive, Ty11 ayf, avl flattened,

Tys low, Tyy-s negative, Tye mildly neéati%e. Sinus brady-
cardia. Electric axis of the heart deflected to the left.
Marked myocardial changes. After therapy (tropacin, novocain,
papaverine, dibazol) there was no appreciable change in the
patient's condition (some decrease in headaches). Nor were
there substantial changes in condition of the cardiovascular
system. Auscultation shows that arterial pressure indices

are in the range of normal fluctuations (110/80-130/90 mm Hg),
but tachyoscillography revealed elevation of mean and lateral
pressure,

- Arterial pressure indices after 3 weeks (om Hg): Mn--92,
-~106, Ny,--126, My--132, Ap--34, HB--6. PWPV 700 cm/s in

aorta, 1630 cm/s (on the right) and 1530 cm/s (left) in
brachial=radial artery, 1130 cm/s (right) and 1200 cm/s (left)
in femoral artery-dorsal artery of foot. SBV 7.6 m., Actual
MV 5% below proper level. Actual SPR 282 higher than due and
247 higher than working level. EKG: mild positive dynamics.
Sinus rhythm, 44-50/min, Tp 11,11I is no mildly positive, Ty
wildly biphasic, Ty2,3; positive, Tys-.s less negative. 6

43

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100010059-5



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100010059-5

FOR OFFICTAL USE ONLY

In this case, a woman, with 17-year tenure on a Job involving contact with
carbon disulfide, whu began to work when the mill was started, when there
was significant gas level, and who suffered repeated bouts of mild

acute carbon disulfide polsoning, developed signs of chronic poisoning within
5 years. Thereafter, with rnontinued contact with carbon disulfide, her
illness gradually prosressed and, at the time of our examination, was
consistent with the symptom complex of toxic encephalopolyneuritis with
signs of extrapyramidal and hypothalamic involvement. Marked changes in the
nervous system were combined with cardiovascular disorders (hypertensive
reactions, increased tonus of peripheral arteries, impaired bioelectric and
contractile functions of the myocardium), which persisted even after treat-
ment.

Even of the changes in the cardiovascular system, as well as nervous system,
do not lead to cardiac or coronary insufficiency, they still play a signifi-
cant part in some cases in the symptomatology of intoxication. For this
reason, the set of therapeutic measures should include, along with therapy
directed toward restoration of nervous system function, agents that are
directed toward elimination or attenuation of cardiovascular disorders.

Of course, when making expert determination of patient fitness for work,
one must take into consideration, in each specific case, the nature and
severity of functional disturbances of the cardiovascular system.

Individuals, in whom poisoning is associated with neurocirculatory disorders
(with great lability of arterial pressure, persistent hypotension or hyper-
tension) and diffuse dystrophic changes in the myocardium, should be trans-
ferred to jobs involving no contact with carbon disulfide or other toxic
agents. Individuals presenting cardiovascular disorders that are not
occupational in nature, in whom carbon disulfide could aggravate the
course of these disorders, should also be transferred to work unrelated

to exposure to carbon disulfide.

In the light of the above material, and in view of the influence of carbon di-
sulfide on the circulatory system with possibility of development of the neuro-
circulatory syndrome, essential hypertension and syndrome of myocardial dys-
trophy in the case of chronic exposure, it should be noted that, in iden-
tifying chronic carbon disulfide poisoning, the demonstrated changes in

the cardiovascular system (neurocirculatory dystonia with hypotensive or
hypertensive reactions, essential hypertension, myocardial dystrophy) should
be included in interpretation of the diagnosis.

Clinical Characteristics and Condition of Cardiovascular System in the
Presence of Lead Poisoning :

Lead poisoning, which is the most common occupational disease, has been the
subject of numerous clinical and experimental studies since ancient times.
Most researchers and clinicians (I. G. Gel'man, 1928; L. A. Zorina, 1965;

A. T. Aldanazarov, 1968; A, M. Rashevskaya, L. A. Zorina, 1968; N. S. Sorkina,
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1971; Schmidt, 1929; Koclsch, 19353 Lawer, 1955; Ambrosio, Secchi, 1968,
und others) belteve that lead I8 o polytrople pnison with, lowever, pre-
domluant cffect on the blood, nervous sdystem, digestive organs and por~
phyrin metabolism.

In the opinion of many researchers, typical blood changes are among the
early manifestations of lead poisoning: decreased hemoglobin and erythro-
cytes, increased reticulocytes and erythrocytes with basophil granulation.

- According to the clinicophysiological studies of E. A. Drogichina, L. A.
Okhnyanskaya et al. (1952), functional changes in higher branches of the
central nervous system are early symptoms of lead poisoning, clinically
manifested by attenuation of cortical activity with development of the
asthenic syndrome and disturbances of the autonomic nervous system., In
the Soviet Union, because of improvement of working conditions, serious
organic disorders of the nervous system (lead paralysis, encephalopathy)
are no longer observed in the presence of such poisoning. Severe lead
colic has also become a very rare form of intoxication.

Clinical and laboratory studies of recent years have shown that impairment
of porphyrin metabolism is the earliest sign of the effects of lead on the
body (Yu. P. Yevlashko, 1965; N. S. Sorkina, 1971).

In the patients we examined (10 women and 92 men mainly up to 40 years of
age, working in the most hazardous occupations--furnace operators, stokers,
battery chargers and lead sheet coaters, who are exposed to lead fumes and
dust for long periods of time), the clinical findings referable to the chief
complaints (painful extremities, general weakness and fatigability, head-
ache, more or less intense abdominal pain, etc.), changes in the blood,
porphyrin metabolism, nervous system, gastrointestinal tract and other

organg are consistent with the typical, commonly described clinical symptoms
of lead poisoning. Out of 102 patients, 63 were mild poisoning cases,

32 were moderate and 7 were severe.

Unlike the patients with carbon disulfide poisoning, the patients with lead

- poisoning presented considerably fewer complaints referable to the nervous
system, in the presence of inhibition and low lability of autonomic reac-
tions., The changes in the nervous system were characterized by mild signs
of the asthenovegetative syndrome (21%), asthenia (12%), vegetovascular dys-
function (12%) and some mild symptoms of vegetosensory polyneuritis (31%).
Although many patients (55%) complained of pain in the cardiac region, this
was not the prime element of symptomatology, and in most cases (51%Z) was
manifested in the form of periodically occurring unpleasant sensations,
sharp or boring pain.

On the whole, lead poisoning differs from chronic carbon disulfide poisoning
in that the course is more favorable, with a tendency toward significant re-
duction and disappearance of signs of intoxication after treatment and dis-

continuing contact with lead.

45

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100010059-5



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100010059-5

FCE OFFTICIAL Usis ONLY

1t has been long known, on the basis of exnerimental and clinical studies,
that lead has a spastic action, K, Kharchenko (1929), B. A. Atchabarov
(1960), Minden (1963), Holstein (1964) and others interpret spasm of the
cutaneous vessels as one of the cardinal symptoms of poisoning, "lead
coloring" (distinctive pale earth color of the intcgument). Such a marked
syndrome of intoxication as lead colic 1is a crisis with abrupt onget assc-
ciated with excitativon of the autonomic nervous system and spastic-atonlc
state of the intestine (E. A. Drogichina, 1952, and others). The per-
sistent headaches, transient amblyopia and convulsive selzures, which are
observed at the height of a lead colic attack, are related by researchers

to cerebrovascular spasm. Diminished diuresls in the presence of lead

colic is also attributed to spasm of renal vessels (Minden, 1963, and others).

The spastic effect of lead can extend to the coronary vessels as well. Thus,
A. M. Breytburg observed severc spasm of coronary vessels under the in-
fluence of lead in experiments on animals. Spuhler (1940) demonstrated dis-
tinct corunary changes on the EKG of a 44-year-old patient with lead colic,
whose earlier EKG presented no pathological changes or rapid normalization
after disappearance of signs of acute poisoning.

A. 1. Knopov (1958), N. M, Konchalovskaya et al., (1965), M, M. Abayeva (1967),
Salvini (1953) and others have observed marked cardiovascular crises asso-

- ciated with EKG changes (appearance of coronary T waves) in the presence of
severe lead colic. With disappearance of signs of lead colic, these
changes regressed and even reverted back to normal.

In one case, a patient 26 years of age, we observed considerable diffuse
lowering of T wave during a marked attack of lead colic associated with
elevation of arterial pressure, increased peripheral resistance and

tonus of arteries of the extremities, and the former disappeared 2 days
after the attack., These very transient changes, along with complaints of
pressure pain in the heart, can apparently b e related to impaired coronary
circulation due to cardiovascular spasm.

Observation of patients suffering from lead poisoning revealed that the main
cardiovascular changes (Table 1) are quite similar to those asgociated with
carbon disulfide poisoning. In a considerable number of cases, there was a
statistically reliable (p<0.001) elevation of all forms of arterial pressure:
M, in 38X, N, in 54, M¥ in 45% and M, in 29% of the patients. Concurrent
elevation of all parameters of arterial pressure was noted in 29%, whereas
isolated (3%) elevation of mean pressure, or in combination with elevation
of N, was demonstrated in 16% of the patients with normal M, and M, indices.

In the patients examined, no clearcut correlation was demonstrated between
arterial pressure indices and age, or severity of poisoning, with the ex-
ception of the patients with lead colic, in the presence of which elevation
of all parameters of arterial pressure was observed.
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Although elevation of arterial pressure is observed quite often in the pre-
sence of lead polsoning, unlike the cases of carton disulfide poisoning,
this elevation 1s characterized by a benign course in most cases: minor
elevation of arterial pressure without a tendency toward progressing and
worgening of general condition.

At the same time, in the course of prolonged dynamic observation, even in
lead poisoning cases, we observed patients in whom previously demonstrated
hypertension progressed and changed to essential hypertension against a
background of persistent or residual signs of poisoning.

Observations revealed that the mechanism of elevation of arterial pressure

in the presence of lead poisoning, as was the case in chronic carbon disulfide
- poisoning and essential hypertension, is based on impairment of normal correla-

tions between peripheral resistance and cardiac output. As in the case of

carbon disulfide poisoning, peripheral resistance plays the main role in

elevation of arterial pressure.

Out of 45 patients, only 15 presented elevation of mean dynamic arterial
pressure due to high MV and the other 30, due to increased patency of pre-
capillaries.

Table 4 lists data on studies of (100 subjects) and correlation between
MV and SPR levels.

Table 4. Correlation between MV and SPR in patients with lead poisoning
(100 patients examined)

Below At d Abo
MV ue levell 1evg§ due level
(by o (by
SER 12-357) | 198D 115 509)

Below due level -

1943955 evels (by 2 12

. At due level (+10%) 2 10 2%

Ab d 4

gggllgg)levels (by 19 20 1

While elevation of arterial pressure in the presence of lead colic is not
questioned (A, I. Knopov, 1952; G. Z. Zakirov, 1961; G. I. Tarabayeva, 1961;
G. R. Gemke, 1966; Teleky, 1937; Toppich, 1961; Gobbato, Chiesura, 1968, and
others), there is substantial disagreement as to the state of arterial
pressure in the presence of chronic lead poisoning. N. A. Vigdorchik (1934,
1938) demonstrated on extensive material that lengthy tenure on jobs in-
volving contact with lead is instrumental in development of hypertension.
Other researchers have also reported elevation of arterial pressure in
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pat. ..s suffering from lead polsoning in other than periods of colic (8. A.
Kipiani, 1954; Barbaso, 1950; Crepet et al., 1956, and others).

G. F. Lang (1950), R. N, Vol'fovskaya et al. (1968, 1970) have also men-
tioned the role of lead polisoning in the etiology of essential hypertension.
I, G. Gel'man (1925), V. 4. Shtriter (1950), Ts. G. Masevich (1954) and
others adhere to the opposite view; they demonstrated more a tendency toward
lowering of arterial pressure with chronic exposure to lead.

In the presence of lead poisoning, as is the case with carbon disulfide
poisoning, the effect of these agents on cuset of the neurocirculatory syn-
drome and essential hypertenmsion should be interpreted as a triggering
mechanism, and the subsequent pathological process develops in the presence
of some predisposing or szcoudary mechanisms.

- In the opinion of some authors (Schmidt, 19295 Cumings, 1959; Morgan et al.,
1966, and others), the primary targetsof lead are vessels, mainly of small
and medium caliber, as well as capillaries. After reaching the blood stream,
lead has a direct effect on the tunica intima of vessels, inducing proli-
ferative changes. In a number of cases, endothelial hyperplasia led to
significant constriction of vascular lumen and impaired circulation in
tissues and organs.

N. I. Grashchenkov (1933) in experiments on animals, Ye. Freyfel'd (1933),
S. A. Peysakh and Kh. M. Kadyrbayeva (1960), who made pathoworphological
studies of victims of lead encephalopathy and lead colic, observed in addi-
tiou to proliferation of endothelium hypertrophy of the muscular tunic of
vessels, spasm thereof and proliferation of connective tissue around the

- vessel with invasion of the media and calcification. Most researchers con-
gider endarteritis and atherosclerosis of small and medium arteries to he
typical signs of lead poisoning. These changes, in the presence of lead
poisoning, are observed mainly in vessels of the central nervous system,
heart and kidneys.

Determination of pulse wave propagation velocity and modulus of elasticity
of elastic and muscular vessels is indicative of statistically reliable
enhancement of elastoviscous state (tonus) of arterial vessels. PWPV
in elastic vessels (Co) in the segment of the carotid-femoral artery (aorta)
was above normal in one-third of the patients (34%). No clearcut correla-
tion was observed between the increase in PWPV in the aorta, severity of
poisoning and age of patients. A comparison of the findings to roentgeno-
-~ logical examination of the aorta and parameters of mean dynamic arterial
pressure revealed that the increased tonus of the aorta was most often
- due to high arterial pressure, rather than atherosclerotic changes in the
vascular wall.

PWPV in vessels of the musclar type, both in the segment of the brachial-
radial artery and segment of femoral artery-dorsal artery of the food,
was increased in most patients (70 and 62%, respectively).
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A utudy of correlation between velocfty and celasticlty modulus of muscular
and clantic vessely revealed elevation ot CpfCo [ 717 of the cases and

of Em/EU o 9%, In gome cases, the elasticity modulus of walls of elastic
type arterfes was higher than for muscular ones, which was the reason for a
de:lne of E /E, (under 1) fn 10% of the patients.

The results of digital plethysmography are indicative of Increased tonus
of peripheral arteries of the fingers (in 337%) and toes (26.5%).

In half the cases, the indlces of specific peripheral resistance (SPR) were
L15% higher than proper levels, whlch iy Indicative of decreased patency

of the precapillary system of these patients. A 747 higher actual SPR,

as compared to the working level, is indicative of the fact that the
decrease in precapillary patency {8 inconsistent with the minute volume,

The demonstrated increase {n arterial tonus in the extremities, as in the
case of carbon digsulfide pofsoning, was not of substantial significance to
genesis of pain. The pain in the limbs of patients with lead poisoning
was also closely related to signs of vegetative polyneuritis, which were
observed just as often in patients with increased (33%) and normal (30%)
tonus of extremital arteries,

As for endarteritis obliterans, development of which with lead poisoning was
reported by a number of authors (I, G, Gel'man, S, B, Braun, 0. N. Chel'tsova,
N. L. Kukin, 1937; A. A. Khavtasi, 1961; Boron, 1956, and others), of all

the individuals we examined, only one presented clinical signs of endarteritis
obliterans or thrombangiitis of the lower limbs (pain in the legs with
fntermittent lameness, absence of pulse on dorsal arteries and weak pulse

on the posterior tibial arteries).

Some {nvestigators make a distinction, among obliterative (occlusive) dis-
cagses of peripheral arteries, between two independent diseases: 1) endarter-
ftie obliterans (or thrombangiitis); 2) oblitcrative atherosclerosis; and
they believe that these are different diseases in etiology and pathogenesis
(R. F. Akulova, 1955; N. I. Krakovskiy, P. N. Mazayev, R. M,
Akhrem-Akhremovich, 1970, and others). In the opinion of these authors,

an allergic state is important in the pathogenesis of thrombangiitis ob-
literans, along with impairment of regulatory functions of the central ner-
vous system and its autonomic branch. This refers to changes in reactivity
of the vascular system in response to various nonspecific stimuli (frost-~
bite, cuvoiing, infection, etc.).

Other researchers (V. D. Tsinzerling, 1958, and othrrs) reject the existence
of cndarteritis as an independent nosological form, and they believe that

- atherosclerosis, Lhe Jevelopment of which is preceded by anbioneurosis, is
the basis of all oblfiteratfve arterial pathology. At any rate, these two

- discases are clinically similar and it {s difficult to make a differential
diagnosis.
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In the light of the submitted data and - bserved changes su patients with
lead pofsoning, associated with hyporeactivity of perfpheral vessels (T. A.
Magich, 1970) and increased tonus ot aiterles of the limbs, It can appa-
rently be assumed that, in the presence of lead pofsoning, there are fac-
tors for development of oblitcerative discases of perlpheral arteries,

The spastic effect of lead on vegsels, under appropriate corditions, can
apparently lead to organlc changes also, it {g known that vasospasms,
which alter th» physicochemical state of arteiral wslls, are instrumental in
degeneration and sclerosis (A. L. Myasuikov, 19A9; V., B. 11'inskiy, 1970,
and others).

There were already indicationn of development of atherosclercsis with lead
poisoning in the last ceot:n.; (Frank, 1875, and others). M. A. Kovnatskiy
et al. (1964), Moeshlin (1953) and others have reported appearance of
atherosclerotic ctor e in vessels of the braln, Fidneys, heart, and peri-
pheral vesscis under the influence of lead.

Cumings (1959) attributes development of encephalopathy with lead poisce~ing
to atherosclerotic involvement of cerebral arteries.

Studies have shown that, as in the case of carbon disulfide poisoning, the
most frequent cause of cerebral hemodynamic disorders in patients with
lead poisoning is hypotonia of cerebral arteries (60%) and cspecially
veins (66%), which is more marked during the period of lead colic. Such a
symptom of impaired cerebral circulation as headache is related to changes
in tr-us of cerebral vessels; however, unlike the cases of carbon disulfide
poiscaing, headaches are usually rare and mild, with no dominant role in

_ the clinical symptoms of poisoning, with the exception of the patients

) with lead colic. In some cases, however, in the presence of plethysmographic
indications of some decrease in tonus of cerebral arteries and veins, the
clinical sign of inadequate tonus, i.e., headache, was absent in individuals
with mild poisoning and some cases of moderate poisoning. Evidently, the
changes in tonus of cerebral arteries and veins in these patients were com-
pensated and were not clinically manifested in any way.

Histomorphological studies are also indicative of the effects of lead, not
only on arterial but venous vessels. Ye. Freyfel'd (1933) observed venous
stasis in a patient who had suffered from lead encephalopathy and coiic,
S. A. Peysakh and Kh. M. Kadyrbayeva (1960) reported on postmortem venous
stasis in cerebral vessels in a patient who had expired during a bout of
lead colic.

Complex clinicophysiological and hiochemical stuides of workers exposed to
lead for a long period of time and patients with lead poisoning, which were
pursued by M. A. Kovnatskiy et al. (1961, 1964) and V. A, Vasil'yeva et al.
(1966, 1967) revealed changes in the terminal part of the ventricular com-
plex (displacement of S-T interval, lowering or inversion of T wave) and
impaired contractility of the myocardium, which were closely related to
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severity of poisoning, The demonstrated EKC and BKG [ballistocardiographic]
changes, along with clinical data, were evaluat~d by the authors in most
cases as myocardial dystrophy. But in some cases, the uature of EKG changes
and corresponding clinical manifestations were also indicative of impaired
coronary circulation. The changes in the cardlovascular system were combined,
in a considerable number of cases, with impaired cholesterol metabolism (ele-
vated total chelesterol, unbound and loosely bound with proteins, and
decline of phospholipid to cholesterol ratio), In view of the results of
clinicophysiological and biochemical studles (G. S. Konikova, 1961), as well
as data (L. K. Cherednichenko, 1962; G. N. Kuz'minskaya, 1964) {indicative
of the significant influence of lead on development of atherosclerotic pro-
cesges 1n the aorta, vessels of the heart and kidneys in experimental
cholesterol atherosclerosis, the authors believe that lead may be instru-
mental in development of atherosclerosis. In the patients with lead poison-
ing, like those with chronic carbon disulfide poisoning, we failed to de-
monstrate a clearcut link between blood cholesterol content, hemodynamic
changes and state of the myocardfum. Elevation of blood cholesterol level
was observed equally often among patients with normal and high parameters
of arterial pressure, peripheral resistance and PWPV. There 18 no agree-
ment either as to the state of the myocardium when the body is exposed to
lead. A. M. Rashevskaya and S. V. Levina (1952), vho made an EKG study of
a considerable group of workers exposed to lead for a long time, observed
rather often sinus bradycardia (25%), changes in P wave, QRS complex, S-T
interval and T wave. However, the observed changes (diffuse lowering of
T waves) were evaluated as myocardial dystrophy in only 8% of the cases.
The authors considered these EKG changes to be secondary, appearing as a
result of the effect of lead on the autonomic nervous system. This 1s con-
firmed by data obtained in the oculocardiac test on patients with lead
poisoning. In these cases, the authors observed a severe vagal effect,
manifested by slowing of heart rate (by 12-52/min) to the extent of cardiac
- arrest (1 to 6 s) and first grade atrioventricular block,

Other researchers (A. A. Orlova, 1954; A, N. Akhmedshin, 1964; M. M. Abayeva
et al., 1968; Kosmider, Petelenz, 1961; Myerson, Eisenhauer, 1964, and others)
also obtained analogous EKG changes in individuals exposed to lead for a

long time and patients with lead poisoning; they believe that the EKG

changes under the influence of lead are mainly functional and attributable

to changes in the autonomic nervous system,

Other authors (Read, Williams, 1952; Kline, 1960) interpret analogous
changes (transient changes in rhythm, conduction and T wave), in patients
with lead poisoning, as '"lead myocarditis" and relate it to the direct
effect of lead on the myocardium.

In an electrocardiographic examination (see Table 3) we observed a tendency
toward sinus bradvcardia in 42% of the patients, and its incidence was

not distinctly related to severity of poisoning. Some patients presented
periodic ventricular extrasystoly, slow atrioventricular conduction
(0.21-0.23 8) and longer electric ventricular systole., There were mild
changes in bioelectric activity of the myocardium. A decline or, much less
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often, flattening of the T wave was observed in 25% of the patients, but only
- 15% presented disturbances which were cvaluated, in conjunction with the
clinical data, as myocardial dystrophy. Disturbances of rhythm and proccsses
of myocardial repolarization were closely linked with such signs of poison-
ing as anemia and autonomic nervous system disturbances, and they did not
aggravate appreclably the clinical course of Intoxication. In most cases,
these changes were *ransient and regressed or disappeared under the in-
fluence of treatment, with regression of ;igns of poisoning and improvement
of general coundition.

The above changes in the heart were never associated with signs of circula-
tory insufficiency. Decreased efficiency of systole, observed in 38% of

the patients, was closely related to such hemodynamic disturbances as ecleva-
tion of arterial pressure and increased peripheral resistance,

The findings of observations pursued over many years indicate that the
changes {u the circulatory system of patients with lead poisoning were usually
transient and reversible, and they progressed less often to development of
essential hypertension, unlike the patients with carbon disulfide poisoning.
The most marked hemodynamic disorders associat.d with lead poisoning are
observed during periods of lead colic which, as we know, is a sort of
autonomic crisis,

The results of our studies warrant the belief that all of the observed
cardiovascular changes in patients with lead poisoning are due to disturbances
of neurovascular regulation as a result of involvement of the autonomic ner-
vous system in the pathological process, and that they are related to develop-
ment of anemia only in a few cases. Normalization of parameters of the
functional state of the circulatory system after treatment serves as more
evidence of the thesis that the changes in the cardiovascular system are

among the symptoms of the chief complaint.

As an illustration of the foregoing, a discussion of the following case
history is of considerable interest:

Patient K., 26 years old, is employed at a battery plant.
Since 1963, he worked as a mechanic~tinsmith for industrial
ventilation and came in contact with lead periodically. For
the last 3 months he worked as a lead sheet coater and was
in constant contact with high concentrations of lead (up to
0.3-0.8 mg/m®).

He was brought to the clinic with an attack of lead colic.
When admitted he complained of severe, paroxysmal pain in the
abdomen associated with nausea, vomiting and constipation for
5 days, weakness, pain in the extremities and heart. He
became sick 3 days ago, when boring pain, paroxysmal at times,
appeared in the abdomen, with nausea and vomiting (he had

had some vodka the previous day). Gradually the pain became
worse, then continuous, and pain also appeared in the limbs
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and pressure pain in the heart, He was referred to the surgical
department because of severe abdominal pain, where lead colic
was suspected. It was learned from his iiistory that he had

been troubled periodically with abdominal pain, general weak-
ness heavy feeling in the chest and dyspnea upon walking for

the last several months, In the past, he had had scarlet

fever, dysentery and exudative pleurisy on the right, Ob-
jective examination: temperature 36.6-37.4°C, undernourished,
pale, there is lead bandon the gums. He is restless because

of the severe abdominal pain, Asthenic, Pulse 86/min. Arterial
pressure 150/90 mm Hg., Heart sounds are loud, systolic apical
murmur, The tongue is coated (white). The abdomen is distended,
tender in all regions, no symptoms of peritoneal irritation.
Blood test: hemoglobin 82 g/f (8.2 g%), erythrocytes 2,88¢10%/uf
(2,880,000), color index 0.89, reticulocytes 86%, basophilic
granular erythrocytes 350/10,000, leukocytes 11+10%/uf (11,000),
lymphocytes 9%, monocytes 7%, juvenile 1%, stab 41%, segmented
42%; erythrocyte sedimentation rate 11 mm/h, The urine is red,
coproporphyrin content +++++ according to Reznik-Fedorov,

lead in urine 18.0 mg/%. Direct blood serum bilirubin 0.38 mgZ.
Protoporphyrin 440 mgX. Plasma iron 1.67 ug/%, total iron

200 pg/%. In urine SALK [expansion unknown] 63 ug/g creatinine,
porphobilinogen 4.9 ug/g, coproporphyrin 1706 ug/f. Tachy-
oscillographic study of arterial pressure (mm Hg): M,~-104,
HK--124, --140, M, ~~156, Op--36, HB--16. PWPV 610 cm/s

in aorta, 1800 sm/s in segment of brachial-radial artery,

1560 cm/s in femoral artery-dorsal artery of food. SBV 48.3 m?,
actual MV 6% higher than due level. Actual SPR 342 higher than
due and 577 higher than working level. Plethysmography: agp
29.4 mm®, hop 181.3 mm®, app 6.4 mm’s hep 39.6 mm’, appr

3.20 ma, hppt 39.0 m’. ﬂppn 1.21 mm > h pn 2‘0.42 mm’.

[see Table 1 for key]. Venous pressure 150 mm water. Blood
flow 14 s.

The EKG (Figure 1) shows sinus rhythm, 82-96/min, RQ = 0.12,
QRS = 0.07 8, QRST 0.32 s (normal 0.30 s). Ry>Ryrps RV,>SV3’
S-T11 ayF 8lightly dropped with concavity up, 5-Ta_3 arched
upward and changing to a sharp biphasic *T. Normal location
of electric axis of the heart., Diffuse myocardial changes.
Systolic phase structure: Q = first sound 0.06 s, sphygmic
phase 0.21 s (92% of proper level), pressure build-up phase
- 0.01 s, tension phase 0,07 s; KB 3.7; ISI 95.

Complexon therapy (intravenous infusion of 10% CaNaz2 EDTA
solution, 20 mf , 1 course, and 5% pentacin solution, 20 mf

2 courses), administration of iron, vitamins (Bi, C, Bi2z)

rapidly led to attenuation and, after 4 days, cessation of
abdominal pain, and then to significant improvement of well-
being. The patient regained strength, gained 5 kg, dyspnea
disappeared, arterial pressure reverted to normal (120/70 mm Hg),
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there was attenuation of changes v peripheral blood and
porphyrin motabolism, Blood test after treatment: hemoglobin
118 g/% (11.8 g%), erythrocytes 3.75+10%/uf (3,750,000),
color index 0.96, Retliculoeytes 14%, basophil granular
erythrocytes 23/10,000 erythrocytes, Coproporphyrin 551 ug/%.
Examination of the cardinvascular system showed normalization
of its changes also: arterial pressure (mm Hg): M,--70, My=~
96, N,~-110, M7--12é, Ap--40, HB---14, PWPV 520 cm/s in

aorta, 1150 cm/s in brachial-radial artery, 980 cm/s in
femoral-dorsal artery of food., SBV 64,6 mf, actual MV 18%
above due level. Actual SPR i5 at due level. There was

also normalization of the EKG (Figure 1),

2/ 25/, ’ w

avt

avF

nmm%mmu
| it g,
| e A

Figure 1. EKG of patient K. Explanation is given in text.
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In this case, a young man who had relatively short tenure in work involving
contact with lead developed severe lead poisoning with marked lead colic,
anemic syndrome, impairment of porphyrin metabolism and changes in the
cardiovascular system. The latter were characterized by arterial and venous
hypertension, distinct increase in tonus of peripheral arteries with large
and small caliber, arterioles and precapillaries (of the hands and feet),
marked decrease in tonus of cerebral veins and arteries, diffuse changes in
the myocardium, The rapid disappearance of the latter warrants relating
them to disturbances of coronary circulation, apparently also due to

spasm of cardiac vessels., With treatment, along with improvement in the
patient's condition and regression of signs of intoxiation, there was also
gradual normalization of changes in the circulatory system.

Patient B,, 35 years old. Worked as furnace operator for 8
years at a nonferrous scrap metal plant; he came in contact
with lead fumes and dust. When examined at the institute
clinic, mild symptoms of lead poisoning were demonstrated
(some elevation of reticulocytes to 27% and basophil granular
erythrocytes to 62 per 10,000 erythrocytes), although the
patient presented no complaints and did not consider himself
sick. After 6 years, he began to notice fatigability, general
weakness, pain in the hands and feet, unpleasant sensations
in the epigastric region, tingling in the heart and palpita-
tions,

When admitted to the clinic he was found to be undernourished,
integument was pale, Heart souds were dull, mild systolic
murmor over apex of the heart, Roentgenoscopy of the chest:
some enlargement of the left ventricle and excited pulsation
of the heart. Arterial pressure 130/80-120/70 mm Hg. No
roentgenological signs of changes in respiratory organs and
gastrointestinal tract. Eyegrounds: severe constriction of
retinal arteries and veins. Blood test: hemoglobin 100 g/%
(10 g%), erythrocytes 3.73+10%/pg (3,730,000), color index
0.81, reticulocytes 28%, basophilic granula erythrocytes
109/10,000 erythrocytes; leukocytes 4,310%/ug (4300), lympho-
cytes 37%, monocytes 6%, eosinophils 1%, segmented 55%;
erythrocyte sedimentation rate 5 mm/h. Blood serum direct
- bilirubin 0.4 mgZ, total 0.75 mg%, cholesterol 225 mgZ,
lipoid phosphorus 6.5 mg%. Coproporphyrin in urine 50 ug/%.
Results of examination of cardiovascular system: arterial
pressure (mm Hg): Mp--82, My--96, Ny--110, My--128, p--28,
HB--18., PWPV 650 cm/s in aorta, 1150 cm/s on the right and
1040 cm/s on the left in brachial-radial artery, 1020 cm/s
on the right and 1030 cm/s on the left in femoral-dorsal
artery of foot. SBV 47,4 mf, Actual MV 307% less than due
level; actual SPR 64% higher than proper level and 127
higher than working level. No EKG changes demonstrated.
Sinus rhythm, 53-54/min. Normal position of electric axis.
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Phase structure of systole; Q--flrst sound 0.06 s, gphygmic
phase 0,25, pressure build-up phise 0,04 8, tension phase
0.10 s; KB 2,3; ISL B6%.

Rapid improvement of his condition and normalization of hemato-
logical indice: .iter complexon therapy (3 courses of intra-
venous infurion of 10% CaNaz EDTA, 20 ml each) made it possible
to diagnose mild lead poisoning, assoclated with changes in the
blood and vascular disturbances (incrcased tonus of muscular
type arteries and changes in retinul vessels).

The patient returned to his former job, but felt well only for
a few months. He was soon troubled again by headaches, abdo-
minal pain associatcd with constipation, intensification of

pain in the hands and fect, general weakness and irritabilicy.

When admitted to the clinic we observed pallor of the integument.
Heart sounds were dull, Arterial pressure 105/60-135/80 mm Hg.
Tenderness in the epigastric region and along the course of the
intestine. Roentgenoscopy of the gastrointestinal tract revealed
nonuniform haustration of the colon. Red, persistent dermograph-
ism, Hypesthesia of fingers and toes. Hands and feet are cold.
Weak pulsation of dorsal arteries of the feet. Blood test:
hemoglobin 94 g/% (9.4 gZ), erythrocytes 3.6+10%/uf (3,600,000),
color index 0.78, reticulocytes 46%, basophil granular erythro-
cytes 200/10,000 erythrocytes. Blood protoporphyrin 512.mg%,
urine coproporphyrin 346 mg/day, lead content 0.4 mg/%. Re~
examination of the cardiovascular system showed progression of
changes. Arterial pressure (mm Hg): Mp—-80, My--106, N--114,
My~-130, Ap--34, HB--16, PWPV 710 cm/s in aorta, 1300 cm/s on

the right and 1350 cm/s on the left in brachial-radial artery,
1100 cm/s in femoral-dorsal artery of food. SBV 53.1 mf;

actual MV 197 less than proper level; SPR 52% above due level

and 25% above working level,

This time, the demonstrated changes were evaluated as moderate
lead poisoning associated with the anemic syndrome, impairment
of prophyrin metabolism, mild signe of vegetative polyneuritis
and vegetovascular (neurocirculatory) disorders. The latter
were characterized by elevation of mean arterial pressure,
increased tonus of muscular type arteries and impairment of
normal correlations between peripheral resistance and cardiac
output. Long-term treatment (3 courses of tetaksatsin and
2 courses of pentacin, iron products, vitamins Bg and By2)
led to attenuation of symptoms of poisoning. The patient was
transferred to a job not involving contact with lead, but

- his condition did not improve. He continued to complain of
pain, coldness and numbness of the hands and feet, headache,
sharp pain in the heart, When readmitted to the clinic,
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disturbances of porphyrin metabolism (blood coproporphyrin
37.6 ugZ, protoporphyrine 212,2 lg#, urine OALK 4,01 mg/g
creatlnlne) and mild signs of vegetative polyneuritis were
still present. Only a slight increase in basophil granular
erythrocytes (72/10,000 erythrocytes) was found in the blood}
there was progression of cardiovascular disorders., Arterial
pressure in the range of 120/80 to 150/80 mm Hg, Results of
tachyoscillography (mm Hg): M,--94, My--112, Ny --136, My~--144,
Op--42, HB--8, PWPV 920 cm/s in aorta, 1730 cm/s on the right
and 1700 cm/s on the left in radial-brachial artery, 1180 cm/s
on the right and 1120 cm/s on the left in femoral-dorsal artery
of foot; SBV 56.0 mi; actual MV 26% below due level} actual
SPR 77% above proper level and 31% above working level,
Plethyamograghy: agp~~20,0 nm® hop=--260.0 mm’, atp--7.20 mm?,
hgp==72,0 mm}, apor=-8.0 mm®, hppr==80.0 mm’, a . --1,98 mm’,
hppn==9.9 mm®, Eenous pressure 510 mm water, gfood flow
rage 16 s. EKG: sinus rhythm, 60-64/min. Ri<Rr1°Ry11e
Ryy>Sy,, S-Ty1p interval slightly dropped; TI1T,avF 19,

Tay) mildly biphasic, Tvz_“ high, with sharp apices. Systolic
phase structure: Q--first sound 0.07 s, pressure build-up
phase 0.05 s, tension phase 0.12 s, sphygmic phase 0,22 s;

KB 2,4, ISI 81,

Work involving contact with lead was contraindicated due to
progression of changes in the cardiovascular system (elevation
of all parameters of arterial pressure, increased tonus of
muscular and elastic types of arteries, decreased tonus of
cerebral arteries and veins, significant decline of intra-
systolic index~--ISI). In spite of the lack of contact with
lead, the patient's condition did not improve. On the con~-
trary, there was intensification of headaches and sharp pain
in the heart, appearance of dyspnea. When next admitted to
the clinic after 3 years, no changes in the blood were
demonstrated, and vegetovascular disorders were prominent.
Arterial pressure was in the range of 125/80 to 160/105 mm Hg,
and it was elevated more often. Examination of eyegrounds
revealed constricted retinal arteries, nonuniform caliber,
wide veins (retinal angiopathy). Tachyoscillography of
arterial pressure: Mp~--94, My--120, Ny—-144, Myx—~158,
-0p=--50, HB—14, PWPV 880 cm/s in aorta, 1320 and 1250 cm/s
in brachial-radial artery, 1160 and 1120 cm/s in femoral-
dorsal artery of food; SBV 93.0 mf; actual MV 27% above

due level; SPR 12% above proper level and 42% above working

- level.

In this case, after 5 years of working in contact with lead and feeling
well, the patient first presented mild signs of lead poisoning (changes in
blood) that disappeared rapidly after treatment. Five to six years later,
intoxication symptoms recurred, with changes in blood, porphyrin metabolism
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- and minor vegetovascular dlsturbances that reverted to normal after treat-
ment; but after resuming contact with lead they rapidly reappeared, and after
1 year progressed with development of the anemic syndrome and progression

of vegetovascular disturbancen, In subsequent years, in spite of the lack
of contact with lead and significanr reduction of blood changes, prominent

in the clinical signs o (toxication were vegetovascular disorders, the
onset of which coinciued with the period of the most marked hematologlcal
changes. Finally, as a result of prolongel vegetovascular disturbances,
there was deveiopment of esgsential hypertension which determined the sub-
sequent course of illness,

In view of the possibility of developmeut of esseantial hypertension, ques-
tions of expert certification of fitness of patients with lead poisoning
should be answered on an individual basis, with due consideration of the
nature and severity of cardlovascular disturbances, Patients, in whom
poisoning is associated with vegetovascular disturbances and persistent
hypertension, regardless of severity of poisoning, should be transferred
to work that does not involve contact with lead. 1In the case of lead
poisoning, as is also the case in carbon disulfide poisoning, the demon-
strated cardiovascular disorders must be included in interpretation of the
diagnosis.

The differences in functional state of the cardiovascular system that one
demonstrates in the presence of carbon disulfide and lead poisoning are
apparently a manifestation of distinctions in the course of nervous pro-
cesges in the presence of this pathology.

It should be noted that we failed to obtain data from comprehensive clinical
and physiological examinations indicative of clinical signs of atherosclerosis
of vessels of the brain, heart or other regions, either in the presence of
lead poisoning or carbon disulfide poisoning. Nevertheless, the nature of
the demonstrated changes is indicative of a very likely possibility of
development of atherosclerosis in such poisoning cases. It is a known fact
that such changes as hypertension, increased arterial tonus and impairment

of 1ipid metabolism are "risk" factors instrumental in development of
atherosclerosis (A. L. Myasnikov, 1965; B. V. Il'inskiy, 1970; I. A. Ryvkin,
1971, and others)., While we admit there is a possibility of development of
atherosclerotic vascular lesions in the presence of lead and carbon disulfide
poisoning, we do not believe that any atherosclerotic process, or essential
hypertension, in individuals working with lead or carbon disulfide should
necessarily be tied in with the effects of these agents. One must take

into consideration the clinical course, order of development of pathological
preccesses and, of course, the leading role of the "gpecific" symptom complex
inherent in a given type of poisoning.

Clinical Characteristics and State of the Cardiovascular System in the
- Presence of Chronic Benzene Poisoning

There are many works dealing with the effects of benzene on the body (P.
Mytnik, 1934; S. M, Gusman, 1952; L. 4. Omel'yanenko, 1953; L. A. Zorina,
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1958, 1971; 1. S. Gusev, 1966; Penatik Vigliani, 1938; Holstein, 1953;
Merker, 1962; Richard, DeGowin, 1963, and others), Most researchers

believe that benzene, which is an agent with systemic polytroplc toxic action,
strikes mainly the hemopoietic and nervous systems.  Acute benzene poisoning
1s characterized by a narcotic effect with prevalence in the clinical signs
of changes in the central nervous system. Changes related to involvement

of hemopoietic function of bone marrow are the main and decisive clinical
signs of chronic benzene poisoning, Benzene, which is toxic to hemopoietic
tissue, can have a depressive and irritant effect on hemopoietic tissue,
depending on dosage and individual distinctions of the organism as a whole
and the hemopoietic system in particular. This could cause development of
aplastic anemia or leukemia., In addition to changes in hemopoietic organs,
in cases of chronic benzene poisoning one observes functional disturbances
of the nervous system, in the nature of asthenic, asthenovegetative or
asthenoneurotic reactions and vegetosensory polyneuritis.

There are very sparse data in the literature concerning the state of the
cardiovascular system as related to chronic exposure to benzene. There
are only a few experimental and clinical observations referable to changes
in the heart and arterial pressure.

In the patients surveyed (258 women--86% and 42 men--14%, up to 40 years of
age~-55% and older--45%), the principal symptoms of chronic benzene poison-
ing were hematological changes (leukopenia, thrombocytopenia and anemia).
Along with blood changes, there were rather frequent functional disorders

of the nervous system in the form of the asthenovegetative syndrome and
asthenia. The course was qualified as mild poisoning in 133 cases, moderate
in 117 and severe in 50 (which included the 22 cases of leukemia). There
was prevalence, in the clinical signs, of complaints of headache (not in~-
frequently associated with vertigo), general weakness, bleeding (nosebleeds,
bleeding gums, appearance of spontaneous bruises on the skin, longer
menstrual cycle) which progressed with progression of intoxication. Although
pain in the cardiac region was observed rather often (33%2), it was not
intense and usually in the nature of tingling or aching. Complaints of
dyspnea (22%) and palpitations (18%) were closely related to gseverity of
poisoning. Objectively, dull heart sounds and a systolic murmur were
ausculted in a rather large number of cases (49%), and this was encountered
equally often in differeut age groups, but most marked and most frequent

in cases of severe poisoning. A venous hum was present in severe poisoning
cases, The functional disturbances of the cardiovascular system of patients
with benzene poisoning (Table 1) differed from the changes observed with
lead and carbon disulfide poisoning. Opinions vary as to arterial pressure
level in the presence of chronic benzene poisoning. Most researchers (P.
Mytnik, 1934; M. E. Efendiyev, G. I. Amiroslanova, 1961; P, S, Kozlov,

Yu. R. Tedder, 1965; Lande, and others) report a tendency toward decline
thereof, V. A, Shtriter (1954), who analyzed arterial pressure indices

in a large group of workers exposed to various occupational factors,

reports that the incidence of hypotension is somewhat higher in individuals
coming in contact with benzene than in a control group (10.8% and 9,9%,
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respectively). However, in the group of Individuals with sigas of chronic
benzene poisoning, the Incidence of hypotomsion rises to 30.5%. According
to another point of view, chronic cxvoyure to benzene does not affect ar-
terial pressure (E. M. Volovik, A. G. Ivanova and 1. L. Miropol'skaya, 1957).
The proponents of a third point of view believe that there is 2 tendency
toward elevation of arte.;al pressure with chronic exposure to benzeune

(Z. E. Grigor'yev, 1506; Heim ct al., 1924, aud others).

Other investigations indicate that the rarameters of all forms of arterial
pressure fluctuate within the normal range in wost patients. M, was low

in 20.4% of the patients and My, In 32.7%. The incidence of decline of
arterial pressure indices 1is distinctly related, with statistical reliability
(p<0.001) to severity of poiscniug and hematological disturbances. Thus,
such arterial pressure parum.ters are found in 7.5% for My and 21.87 for M,
in mild poisoning cases, 26.4 and 38.47%, respectively, in modevate cases,

40 and 48% of the patlents in severe cases. There was reliably more frequent
drop of arterial pressure in the presence of leukemia (M, and M, in 50%)

and marked anemia (My~--31%, M, --41%), than in patients with moderate signs
of anemia and without it (M --14.5%, M --29%). Some elevation of some forms
of arterial pressure is observed in isolated cases, usually in patients over
45-50 years of age or those who had been given hormone therapy.

In view of the close link between arterial pressure parameters and blood
changes, and first of all signs of ancmia, as also confirmed by the results
of dynamic observations indicative of normalization of arterial pressure

with reduction and disappearance of signs of anemia, the hypotension
assouiated with benzene poisoning should apparently be considered symptomatic.

Unlike the cases of lead and carbon disulfide poisoning, in the presence of
benzene poisoning there is usually no change in tonus of elastic and muscular
arterial vessels., Tonus of intracranial arteries was normal in only 25Z of
the subjects, in some cases it was increased, and in over half the patients
(60%) it was decreased with statistical significance (p<0.001), While the
incidence of arterial hypotonia in the brain does not present a clearcut
relationship to severity of poisoning, in the group of patients with

moderate and severe forms of poisoning it reaches higher levels and is closely
linked to severity of anemia. Evidently, decreased tonus of cerebral ar-
teries in the presence of anemia should not be considered solely a patholo-
gical phenomenon., In the presence of anemia, cerebral artery hypotonia may
be also evaluated as a compengatory reaction, a "physiological defense
measure," that prevents hypoxia of cerebral tissues. Increased tonus of
external cranial arteries, observed in half the cases, can probably also

be interpreted as an adaptive reaction to increase circulation in the system
of the internal carotid.

A high level of influx of blood to the brain should also be associated with
increased efflux, which could be provided by a higher tonus of cerebral
veins. However, it was found to be low in most cases (67.82). Hypotonia

of cerebral veins is observed equally often with all grades of poisoning, but

60

FOR OFFICTAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100010059-5



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100010059-5

FOR OFFICIAL USE ONLY

1t was the most marked (hop 160 to 280 mm ) with severe and moderate poisoning.
Evidently, the decreased tonus of cerebral velus and arteries is the chief
cause of heaches with elements of venous stasis, 80 often observed among

the gurveyed patients (75%).

The distinctive feature of the circulatory system in the presence of benzene
poisoning is a tendency toward increased cardiac output (SBV and MV)., SBV
was high in 25% of the cases and MV was above proper levels (by 15-90%) in
74%. Maximum increase (over 30%) was observed in cases of severe and
moderate poisoning, Cardiac output is determined by the body's oxygen
requirement. For this reason, depending on conditions of vital functions,
cardiac output changes over a wide range. The changes in cardiac output
are adaptive and provide for the different requirements as to access of
blood to all organs and tissues. This requirement is determined by many
factors and, first of all, the condition of circulation. It is known that,
in the presence of anemic states, the decreased transport function of blood
is compensated by an increase in MV, According to the data of Stead et al.
(1948), MV begins to increase when hemoglobin drops below 75 g/% (7.5 8%);
according to the data of V. I. Kuznetsov (1952), this happens when it drops
below 122 g/f (12.2 g%). However, there 1s no direct correlation between
MV increment and degree of decrease in oxygenation of blood. Our data
revealed that, in the vast majority of cases (55%), concurrently with in~
crease of MV there was a decrease in peripheral resistance, i.e., increased
patency of the precapillary system, which apparently is instrumental in
increasing the percentage of oxygen uptake by tissues. The increase in MV
in patients with benzene poisoning is a manifestation of intensified cardiac
function in response to decreased oxygenation of blood, since it ig believed
that MV is the main regulated parameter in the body that characterizes the

- repose of the circulatory system to oxygen demand,

We believe that such changes in the circulatory system as increase in MV,
increased patency of the precapillary system, faster blood flow, are
compensatory in nature, since they are instrumental in supplying oxygen to
_ tissues,

In the opinion of a number of researchers, the cardiac changes in the presence
of chronic benzene poisoning are characterized by rather frequent complaints
of diverse types of pain in the heart, palpitation and dyspnea, physical
deviations in the form of widening of boundaries of the heart, dull sounds

and presence of systolic murmur (P. Mytnik, 1934; N. S. Shubina, F. I.
Midtsev, 1939; M. E. Efendiyev, G. I, Amiraslanova, 1961, and others). §S. D.
Reyzel'man (1935) found muffled and dull heart sounds in 45.2% of the

cases in a routine examination of workers in the coal-tar chemical industry.
These findings are evaluated as diseases of the myocardium (myocarditis,
myocardiopathy, cardiosclerosis) and related to exposure to benzene. Electro-
cardiographic and roentgenokymographic studies of 57 patients with chronic
benzene poisoning led L. N. Khizhnyakova (1962, 1964) to demonstrate slowing

of atrioventricular and ventricular conduction shift of S-T interval, drop

of T wave and changes in roentgenokymograms of the heart (pulsation and
attenuation type changes) indicative of functional impairment of the
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myocardium., These electrocardiographic and rcentgenokymographic changes,
with consideration of complaints and cliuical manifestations, were evalu-
ated as myocardial dystrophy in 39.4% of the cases. The author attributes
the latter to the toxic effect of benzene on the myocardium. Cacurvi (1948)
relates the bradycardia, e rasystole and electrocardiographic changes in
animal experiments to the direct effect of benzene on the myocardium and
only partially to its effect on the autonomic nervous system. Other authors,
however, believe that functional cardiac <d.isturbances with marked EKG
changes in the presence of chronlc benzcne poisoning are the secondary
effects of development of anemia and panmyelophthisis (Buchner, 1939;
Koelsch, 1936; H. Otto, 1953). In such cases, pathoanatomical examination
revealed effusions of blood, fatty degeneration and embolisms iu the
myocardium.

In our EKG studies (scc Table 3), most patients presented changes in T

wave (drop, flattening, inversion). This myocardial changes, along with the
clinical data, were consistent with the concept of myocardial dystrophy in
45,5% of the cases. The latter was unrelated to the patients' age (45%

up to 40 years cld and 50% over 40), but was reliable related to severity

of intoxication and, primarily, of anemia. With moderate and severe poison-
ing, myocardial dystrophy was demonstrated in 60% of the patients and

with mild poisoning, in 25,6%. While myocardial dystrophy associated with

- carbon disulfide and lead poisoning is related chiefly to disturbances of
regulatory function of the autonomic nervous system, in the case of benzene
poisoning its development is due to inadequate delivery of blood to the
heart as a result of hypoxia. The observed decrease in efficiency of
systole (33%) in most cases could be attributed to some impairment of myo-
cardial contractility.

The results of many years of observations are indicative of the benign course
of benzene poisoning. After treatment and discontinuation of contact with
benzene, not only regression of signs of poisoning, but total recovery are
possible.

The link between changes in biloelectric activity of the myocardium and
anemia was also confirmed by the results of long-term observations. It was
observed that, along with attenuation and disappearance of signs of intoxi-
cation (with high hemoglobin level), there was attenuation and disappearance
of EKG signs of myocardial dystrophy. In cases of severe poisoning, pro-
gressive diffuse changes in the myocardium were noted with progression of
anemia. The development of myocardial dystrophy in the presence of anemic
states is related to metabolic disturbances in the myocardium resulting
from hypoxia (G. F. Lang, 1954, and others).

There is information in the literature to the effect that attacks of angina
pectoris and EKG signs of coronary insufficiency may be observed in the
presence of severe anemia, as a result of severely marked myocardial

hypoxia (G. S. Ayzen, 1942; Buchner, 1939, and others). Among the patients
we examined, with chronic benzene poisoning, one patient with severe
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polsoning presented angfnal pain in the lieart, along with decline of
hemoglobin to 40-28 g/f (4-2.8 g%) and worsening of EKG.

As an illustrution of the foregoing thesis, we can submit the EKG of a
patient who was under observation at the institute clinic due to chronic
benzene poisoning.

Patient F., 48 years old, worked in contact with benzene and
other solvents for 7 years, After 5 years she began to notice
gencral weakness, rapid fatigability, headaches, dyspnea when
walking, sharp pain in the heart. After 1 year, in a routine
physical, blood changes were found for the first time (anemia,
) leukoperia and thrombocytopenia)., Examination at the institute
' clinic revealed severe pallor of the integument and mucous
membranes, and positive "pinch" symptom. Heart margins are

in the normal range, sounds are clear, somewhat muffled,
arterial pressure 120/60 mm Hg. Pancytopenia was found in
peripheral blood: hemoglobin 101 g/% (10.1 g%), erythrocytes
2.83+10°/us (2,830,000), reticulocytes 19%, leukocytes
3.4°10°/uk (3400), lymphocytes 53%, monocytes 11%, ensino-
phils 0, stab 11%, segmented 25%& erythrocyte sedimentation
rate 22 mm/h. Thrombocytes 8¢10*/uf (80,000), bleeding time -
10 min, EKG (Figure 2) without particular changes. Sinus
rhythm, 66/min., Horizontal electric axis.

Moderate grade of benzene poisoning was diagnosed. Therapy

- did not improve the hematological parameters and the patient's
condition remained unchanged for the next 3-4 years. Three
years later, when the patient was hospitalized, she reported
more marked general weakness, dyspnea and cardiac pain. There
was some widening of heart boundaries and a systolic murmur
at all points., Arterial pressure 100/60 mm Hg. Blood test:
hemoglobin 96 g/% (9.6 gZ), erythrocytes 2.6°10%/us (2,600,000),
reticulocytes 13%, thrombocytes 7.6¢10“/uf (76,000), leuko-
cytes 3:10°/uf (3000), lymphocytes 58%, monocytes 11%, eosino-
phils 1%, stab 17, segmented 26%. EKG (Figure 2) showed
faster rhythm (85/min) and appearance of moderate myocardial
changes with predominant localization in the left chest leads -
(lowering of Tr, 1p, Vi,u,5,6)+ The patient developed a hemo-
lytic crisis soon after overcooling.

Thereafter, there were rather frequent hemolytic crises due to
various factors (cooling, drugs) and thcy led to progressive
hematological changes [periodic drop of hemoglobin to 28 g/%
(2.8 g%), erythrocytes to 1.05¢10%/uf (1,050,000), leukocytes
to 1.15¢10%/ps (1150), with marked granulocytopenia (18%)

and lymphocytosis (74%), thrombocytes to 4.410“/ul (44,000)]
and deterioration of the patient's wellbeing and condition
(severe weakness, vertigo, dyspnea, pressure pain in the heart).
There was worsening of EKG indices with progression of illness
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and anemia. When the patient vae rcadmitted to the clinic,
the hemogi~m indices were lowv: nemoglobin 42 g/f, (4,2 g%),

erythrocytes 1.98-10°/.8 «*,960,000), thrombocytes 9.944+10" /s

(99,440), reticuloeytes 45%, loukorytml 7¢10%/u8 (1.700),
lymphocyten 68%, monoryten 17 hagophils 3%, stab 47, sep-
mented 25Z; e¢ryinrocyte J(’dll“-‘ll'v.t,'.()ll rate 55 mm/h,
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Figure 2. EKG of patient F,
a) at start of illness b) 2 years later c) 6 years later
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On the EKG there was a sharp drop of T wave in standard and
right chest leads, while V,_, became negative in the left
chest leads,

In view of the fact that the clrculatory system is one of the chief mechanisms

of compensation of hypoxia in the presence of anemic states, it must be con-
ceded that diseases of the cardiovascular system are also a contraindication
for work involving contact with benzene as well as a deterrent to continuing
work with such contact.

Thus, the clinicophysiological studies of functional state of the cardio-
vascular system in the presence of three different occupational disecases
are indicative of circulatory disturbances, which are, on the whole, in the
nature of vegetovascular dysfunction (neurocirculatory syndrome) and myo-
cardial dystrophy. They are not specific for any particular type of
poisoning, since analngous cardiovascular changes are observed under the
influence of other occupational factors, for example, with exposure to
industrial noise and vibration, ionizing radiation, as well as other sub-
stances., At the same time, with each of the intoxications studied, we
detect some distinctive features and uniqueness of changes in the circula-
tory system, the nature and severity of which are related to severity of the
chief pathological process, determined by the predominant area of applica-
tion of the deleterious factor and initial condition of the organism.
Cardiovascular disturbances, which appear at the early stages of poisoning
referable to some toxic agent or other, sometimes become the prime symptoms
that determine the clinical course of intoxication.
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CHAPTER 4. THE CARDIOVASCU.AR SYSTEM AS RELATED TO EXPOSURE TO OCCUPATIONAL
RADIATION

[Text] Tiue reactionmsof the cardiovascular system are an inseperable part
of the body's general response to radiation as one of many environmental
stimuli, and they can also reflect the direct effects of injuries to struc-
tures that constitute the anatomical substrate of the cardiovascular system.
There are a number of works dealing with investigation of the cardiovascular
system with exposure to ionizing radiation; they summarize numerous inves-
tigations on auimals in acute and chronic experiments, information about
reactions of the cardiovascular system in the course of radiation therapy
of various parts of the body, data on the state of cardiovascular function
. in individuals exposed to large doses of radiation and suffering from acute
- radiation sickness. There are relatively few works dealing with the cardio-
vascular system as related to long-term exposure to low doses of occupational
radiation.

Thue biological effects of radiation on organs and tissues depend, first of
all, on the magnitude of absorbed energy, its distribution in the body and
time. A distinction is made of the more specific effect of radiation on
the body, its direct deleterious effect on cell reproduction, associated
with a change in the process of DNA synthesis. The nonspecific reaction

to radiation is another biological mechanism, a response to an adequate
stimulus of several systems with the property of excitability, reactivity.
Interaction between these two classes of reactions is determined both by
the characteristics of absorbed energy and distinctions referable to struc-
ture and radiosensitivity of tissues or organs.

The cardiovascular system is morphologically and functionally heterogeneous,
and this also applies to the effects on it of ionizing radiation., As shown
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In numeroun studies, vne should slngle out the reactions of the myocardium,
great vessels, neurorcpulatory mechanismsg o ca-diac function, captllaries,
vagcular endothelium and systemic hemodynamics,  The myocardium is more
radioreslstant that capillarics or vascular endothel fum which are high'ly
sensitive to radlatlon. Myocardial changes also occur secondarfly, as a
result of disturbances in vessels that nourish the myocard fum,

In addition to radiation dose (which could have a deleterious effect or
elicit only functional stimulation with submicroscopic changes), the area
exposed to radiation is important to reactions of the cardiovascular system
to lonizing radiation. A distinction is made between total-body radiation
and local exposurc of a specific region: the immediate reglon of the heart,
great vessels and reflexogenic vasgcular regions,

Numerous experimental studies have demonstrated the correlation between
dosage and nature of radiation. Studies were made on different animal spe-
cies of the condition of the heart, cardiac function systemic hemodynamics
and local circulation, as well as reactivity of the cardiovascular system,
Morphological changes in the heart werc the most marked at the early stage
following total-body and local exposure to radiation in doses exceeding
1000 rem, They consisted of appearance of stromal edema, perivascular in-
filtration, plethora, dystrophic and degenerative changes in the myocardium,
as well as in nerve ganglia and fibers of the conduction system (N. A.
Krayevskiy, 1954; 0. V. Mikhaylova, 1964; B. M, Ariel', 1965; Ye. I.
Vorob'yev, 1965-1973; Ye. F, Lushnikov et al., 1970, and others). At the
late term, animals developed marked sclerotic changes in coronary vessels
and the heart, leading to a reduction in weight of the heart. Somewhat less
severe changes were present after exposure to doses of 500-~600 rem, but their
nature and outcome were the same. Along with vascular changes, dystrophy,
fibrosis, hyalin and fatty degeneration of muscle fibers with necrosis
- thereof, signs of focal infarction, degeneration of nervous plexi and
vascular receptors were observed (P. D. Gorizontov, 1960; 0. V. Mikhaylova,
1964; L. L. Aver'yanova, 1967; I. A. Oyvin et al., 1971, 1972, and others).
Most authors believe that lesions to blood vessels are the first to appear
under the influence of radiation; they lead to dystrophic changes in
mwiscle fibers, innervation system of the heart, autonomic neural pathways
and conduction system of the heart. Myocardial circulatory disorders pre-
cede the changes in muscle fibers.

Along with structural changes in the heart, functlonal disturbances of the
heart, systemic and local hemodynamics have been described with exposure
both to total-body and local radiation of the cardiac region in high doses.
It was demonstrated that there are phasic changes iu arterial pressure and
pulse rate corresponding to the phases of the acute radiation syndrome:
tachycardia followed by bradyrardia, transient hypertension followed by
hypotension with drop of both diastolic and systolic pressure, decreased
vascular tonus, slower blood flow and elevation of venous pressure (Ye. I.
Vorob'yev, 1968; L. A. Yakovleva, 1972, and others).
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The EKG changes arc characterized by persistent decline of wave voltage,
shifting of $=T fntere.! and nccaslonal vy owwance of atrioventricular block,
The EKG changes are more warwed with local Ieradlatlon of the cordlac vegden
than with exposure of other parts of the body. TIucreased vascular pezmea-
bility has also been noted. Changes in loral clrealation have heep des-
cribed at the early stapes: significant di’aiarion ol mesentery avteries.
plethora of vessels iu the pulmonary circulativn or dystenia thereol, phasglc

changes in cerebral vessels, impairment ot peripheral cizculation in cutan2ous

vegsels, dilacation, dystonta of vessel: ot th: hands,

Investigation of sensitivity to various ayonts (chemical drups, epinephrine,
acetylcholine, low doses of radioact.se substaunces and others) revealed that
there were changes in cardiovaicular reactions in some cases, and this was
attributed to trophic changes in the wyocardium and In the system of intero-
ceptive analyzers (S. 3. Laniyarow, 1947, N. &, Furshukov, P, M. Kireyev,
1963, 1968; Sh. 5. Melik-Iscayelyan, iY%ov, and others). The experimental
studies are corroborated by clinical findiugs.

The first information about acute radiation sickness in man appeared after
1945, when atomic bombs were dropped on the Japanese cities of Hiroshima

and Nagasaki. With explosion of an atom bowb, there are other deleterious
factors involved, in addition to radiation: shock wave which induces
numerous traumatic lesions and luminous vadiation that induces burns, i.e.,
there are combined lesions in a number of cases, and they have not been
adequately followed up at that. More accurate ideas about changes in the
cardiovascular system with exposure to acute radiation were obtained from
studies of accidents. In the literature, there is a description of about
100 cases, including 26 in the USSR (N. A. Kurshakov et al., 1966; A. K.
Gus'kova, G. D. Baysogolov, 1955-1971; A. I. Vorob'yev et al., 1973-1975;

I. S. Glazunov et al., 1974; L. Gempel'man, G. Lisko, D. Gofman, 1954;
Andrews, Balish, Edwards et al., 1969, and others). The dose levels

ranged from a few dozen roentgens, which was nui assvciated with formation
of acute radiation sickness, to several hundred rocutgens with severe lesions
ending with death. Cardiovascular changes appeared early in the case of
radiation doses of the order of 300-1000 rem. They consisted of tachycardia,
drop of arterial pressure, appearance of apical systolic murmur, muffled
heart sounds. As early as the 2d day of illness, the EKG presented signs

of diffuse myocardial changes with slow intraventricular conduction,
reduction of S~T interval, T wave and voltage in all leads. There were
circulatory disturbances 1n the system of cerebral vessels, with appearance
of transient focal neurological symptoms, decreased vascular tonus and
oscillatory index. More marked cardiac changes were observed in the case

of nonuniform radiation with a maximum dosage delivered to the region of

the heart.

A. K. Guz'kova and G. D. Baysogolov (1971), in a summary of their clinical
findings, described systemic hemodynamics in the presence of acute radiation
sickness as follows: Already at the early stage of acute radiation sickness,
there was appearance of changes in cardiovascular function related to im-
pairment of neurovascular regulation. They are manifested by lability of
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the pulsge, especlally when subject to loads, changes in artertal pressure
with a tendency toward hypotension, labiliry or -utaneous vasomotors with
excessive moistness of palms and feet, appearance of dyspnea, diminished

vascular tonus and peripheral clreulatory disorders.

With moderate and especially scvere grade of sickness, hemorrhagic manifesta-
tions are observed, which reach a maximum in the 3d-4th week of illness.
Changes appear on the EKG, which are first indicative of disorders referable
to regulation of cardiac function and, later on, of signs of dystrophic
myocardial changes with impaired conduction and contractility.

Early changes in cardiac function and vessels of a functional nature are

due to impaired regulation, as proved by the reversibility of these changes,
good restoration upon recovering from acute radiation sickness. A, V.
Barabanova and A. K. Gus'kova (1964) describe one case, patient M., seen

10 years after he suffered acute radiation sickness as a result of an
accident on the job., It was estimated that he was exposed to about 300 rem
total-body gamma and neutron radiation. The clinical ~igns were typical

for moderate grade of acute radiation sickness. The patient was essentially
healthy and fit for work for all 10 subsequent years. A comprehensive
clinical and physiological examination revealed only mild functional changes
in the cardiovascular system in the form of asymmetric arterial pressure,

- lability and asymmetry of the oscillatory index, tendency toward tachycardia.
No deviations from normal were demonstrable on the EKG, BKG [ballistocardio-
gram} and PKG [phonocardiogram]. 1In this case, the outcome of acute radia-
tion sickness was a clinical recovery., Such a possibility is also confirmed
by other authors (N. A. Kurshakov et al., 1966, and others). It is ob-
served that the recovery period may end by the end of the first postradiation
year, although some regulatory changes may persist for a longer time, depend-
ing on the radiation dose and severity of acute radiation sickness. In view
of the direct deleterious effect of radiation, which induces changes in
other organs and systems, basal metabolism and trophic disorders, clinical
symptoms may also be present at a later time, and they are indicative of
prior myocardial hypoxia with incomplete restoration. The initial state

of organs and systems, including the heart and vessels, is significant

to degree of recovery.

The numerous publications pertaining to the state of the cardiovascular sys-—
tem of patients exposed to radiation therapy for different diseases are
quite contradictory. Aside from differences in dosage, this is also due
to the area exposed to radiation, general condition and age of patients,
nature of chief complain and initial state of the cardiovascular system.
Changes in the cardiovascular system were observed in most cases, and they
- consisted of appearance of functional or morphological changes. In most
cases, drop of arterial pressure, unstable pulse, appearance of changes on
the EKG (rhythm di-turbances, reduced voltage, changes in T wave and S~T
interval, elevation of systolic index and others) were observed at the
early postradiation stages. Impaired vascular permeability and capillary
resistance were observed less often (A. V. Kozlova et al., 1968; Takaoka,
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1968, and others). The changes occurred sconer with exposure of the head to
smaller doses and thev werc more marked taan with frradiation of other parts
of the body. With exposwre of the chol anu fmmediate reglon of the heard,
changes were demonstrated fu arterlal pressure in the direction o a drop,
and with exposure of the abdominal cavity, in the directlon ot elevation,

In some cases, changes were detected at the tates stage (5-10 ou move

years after exposure) In the nature of scluretle changes (myocardiosclervsis)
and their link to irradiation was questionable (S. Kh. Sidorovich, 1969;

A. V. Kozlova, 1969; Bompiani, Falcett!, 19¢7; Takacka, Kaneda et al., 1968,
Biran, 1969; Palmer, 1970; Giard, 1970; lufi, 1972, and others).

On the basis of the aggregate of data iun the Jiterature, one can cooclude that
there 18 early appearance of :urdiovascular changes following bLoth total-body
and local exposure to high uuses of radiation. They consist of appearance

of compensated functional and morphologicel changes in the myocardium,
vessels, capillaries, vascular nervous sysuvems and receptors at flrst,

then funciional disturbances of the heart, systemic and local hemodynamics,
and reactivity.

The mechanism of onsct of the observed changes is complex. In the opinion
of most authors, the functional disturbances of the cardiovascular system
under the influence of total-body and local radiation to the heart ln high
doses are determined by a disorder of regulatory mechanisms leading to
changes in neurovisceral regulation of the cardiovascular system and impair-
ment of main functions of the heart, systemic and local hemodynamics, as
well as changes in the structure proper of the heart. There are more marked
changes in cardiac vessels when the region of the heart is exposed to local
radiation. The direct deleterious effect of radiation is referable, first
of all, to vessels, then the myocardium.

- There are considerably fewer works dealing with investigation of the circula-
tory system as related to chronic exposure of animals to low doses of
radiation.

The conditions of chronic experiments varied with regard to nature of
exposure (external irradiation or intake of radioactive isotopes), radiation
dosage and follow-up time, as well as methods of evaluating reactions
(studying arterial pressure, pulse EKG, pulse wave propagation velocity,
vascular permeability, blood flow, roentgenokymograms, metabolites, reactivity
and morphological changes).

However, in spite of the existing differences, the same direction of changes
in cardiovascular function was demonstrated in most cases. With exposure to
15-20 rem radiation, changes were demonstrated in arterial pressure, as

well as lability thereof, unstable pulse, change in pulse wave propagation
velocity [PWPV] and on the EKG, impaired rhythm, excitability, appearance

of bradycardia, change in intraatrial and intraventrical conduction, drop

of T wave, flattening or two phases thereof, change in reaction of arterial
pressure and pulse to functional loads. The changes were more marked with
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high doses of radlation (A. S. Amosov, 19663 V. G. Simavonyan, 1968, and
others).

V. K. Sel'tser et al, (1970) report that no changes were demonstrated in
ERG and PKG findings after exposing the rat heart to cumulative doses of up
to 100 rem over a long period of time, and the main group of animals did
not differ from the control. N. A, Zapol'skaya et al, (1968) found an
increase in levels of biologically active metabolites-~histamine, acetyl-
holine and others--in blood of rats exposed to °°Sr for 2 years in doses of
4+10-2 yCi/kg. There were no pathological deviations in rats given strontium
in doses of 1¢10~?% ;i i/kg. Ye. I. Vorob'yev (1967, 1973) examined the
heart of rabbits exposed daily to gamma radiation in doses of 10 rem to a
cumulative dosage of 400, 1500 and 2400 rem., Changes in muscle fibers of
the heart, plethora of capillaries and veins, hemorrhages, edcma of inter-
stitial and perivascular connective tissue and dystrophy of muscle fibers
were noted after 30 days, with focal or diffuse myofibrosis and sclerosis
of the vascular wall after 3-6 months. G. A. Poddubskiy (1966), L. N.
Burykina (1974), V. K. Sel'tser and N. V. Loseva (1971) and others report
changes in the cardiovascular system at the long term following chronic
exposure to radiation. The authors observe functional disturbances of
the heart, most often demonstrable after functional tests, and they
stress the greater significance of functional changes in the adrenals at
the late postradiation term. In an interesting work conducted under the
supervision of Yu. G. Grigor'yev (1972), a study was made of the chronic
effects of external gamma radiation on the cardiovascular system, higher
nervous activity, hemopoiesis, endocrine system and metabolic processes in
dogs, with consideration of the animals' general condition. Several serles
of experiments were performed involving chronic irradiation of dogs at
different dose levels (0,06-0,17-0.34 rem/day) as well as a combination
of chronlc and periodic single irradiation doses (18~42 rem); the cumulative
dose over a 5-year period conmstituted 205, 315, 625 rem in the chronic
experiments and 600, 940 rem in the combination of exposure. As shown
by their studies, chronic irradiation did not elicit substantial disturb-
ances of vital functions of dogs, although compensatory and adaptive
capabilities were diminished. There was stabilization on a new functional
level; however, there was inadequate adaptation of animals exposed to the
- highest dosage, as demonstrated by the functional tests. Histological
- studies of the heart and vessels were indicative of gradual development
of signs similar to early age-related changes. These effects were related
to dose rate and duration of exposure. Several parameters were restored
after radiation was discontinued, but this occurred slower than after
acute radiation.

In the case of chronlc exposure to radiation, marked changes were noted

- in the cardiovascular system al the late stages, with poorer restoration of
funct{on and slowet regeneration than after acute exposure (Ye. I. Vorob'yev,
A. I. Stepanov, 1968; B. A, Markelov, 1972, and others).

Some interesting data were obtained by G. I. Lisenkova (1973). She demon-
strated a stronger relation between the effect and radiation dose rate
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than cumulative dosage, and this should also be raken into consideracion
when analyzing clinical findings. Thus, audiors denonstrated changes

in cardiovascular actavity (morphologicait and functional) undey the effect
of chronic exposure to relatively Tow dosus of fonizing radlatvlon; the

severity and duration of these changes were related to dose rate and
cumulative dosage. The cctly veactions to ~lmoafc radigtion were essent {odly
due to neuroreflex regulatory changes iln ihe cardiovascular systom Leadoy

to changes in systealc and local hemodyunamics (A. 0. Saytanov, 1965; S. A.
Keyzer, 1964; Y. G. Grigor'yev et al., 19/2, and others). Subscquently,

as chronic radiation sickness develops, the functional disturbances of

other organs and systems, as well as basal metabolism, changes in the circu-
latory system, are maintianed by neurorcilex influences along with cadocrine-
hormonal and humoral changes.

Some authors consider it possible for cardiovascenlar changes to alse occur
as a result of the immediate effect of radiation Hu myouncural .lement. oi
the heart and vessels. At the long term, along with changes in reactivity,
morphological changes are also observed in the cardicvascular system (G. I.
Lisenkova, 1973; Ye. I. Vorob'yev et al,, 1973, and others). As a rule,
the cardiovascular changes are adequately compensated, and they are demon-
strable only with loads (A. G. Izergina, 1972; V. I. Korchemkin, 1973, and
others).

The results obtained on animals cannot be entirely extrapolated to man,
although they can offer a general idea about the nature and direction of
reactions to chronic radiation. When making extrapolations, one must take
into ~:asideration the species-specific distinctions of reactions. Thus,
diffevcnt reactions have been found in animals, depending on speclies and age.
Rats were found to be more resistant than rabbits. Young animals are more
sensitive and present stronger reactions.

Many difficulties are involved in identifying and properly evaluating

changes in health status and, in particular, in the cardiovascular system

of individuals whose work involves exposure to ionizing radiation. Numerous
experimental and clinical studies show that the changes developing in
individuals who have been exposed to low doses of radiation for long periods
of time do not present strictly specific features, Several factors must be
taken into consideration to demonstrate their link to radiation. In addition
to comprehensive sanitary and hygienic characteristics with evaluation of all
factors of working conditions, one needs to have information about the nature,
incidence and severity of analogous deviations among properly selected con-
trol groups and be guided by the general theses on epidemiology of diseases
of this class at a given time.

In view of improved working conditions, marked forms of chronic radiation

sickness are virtually unseen in clinical practice of recent years. Inves-

tigation of the health status of individuals whose work involves exposure to
low doses of fonizing radiation, doses close to the maximum permissible
levels, as well as long-term sequelae of prior chronic radiation sickness
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Lo acqulring much laportance,  Because of inadequate fnformeduess of ¢lind-
_ clans with regard to the maln theses of ol tnles radiobinlopy, complexity

of the phenomena that occurred and occasional lack of clearcut quantitative

characteristics of the relatlonship between dosage and {mmediate somacic

manifestations, at the early stiages all changes demonstrated in health

status of individuals, who had minimal contact with sourced of lonizing radi-
ation in some cases, regardless of dose levels, were attributed to signs

of chronic radiation sickness, This also applies fully to cvaluation of
reactions of the cardiovascular system.

The first works were mainly descriptive, supplying the [indings of single
outpatient screening of some occupational groups, often very amall ones,

or else inpatient studies of deliberately selected individuals with some -
deviations or other in health status. There were usually no descriptions

of sanitary and hygienic aspects of working conditions or information about
individual radiation doses; nor were there data about the incidence and

nature of dynamic changes, as compared to the initlal results of screening
egsentially healthy people in a so-called control group. All this made it
difficult to correctly evaluate the observed deviations as related to the

effects of lonizing radiation.

Information about people working with sources of ifonizing radiation is

given in several works by M. N. Fateyeva et al. (1955, 1960), N. I. Shcherbakov
(1966), G. G. Lysina (1962, 1968), Ye. I. Vorob'yev et al, (1965-1973) and -
others. Most authors observe changes in the cardiovascular system, manifes-
ted by muffled heart sounds, appearance of apical systolic murmur, enlarge-
ment of the left ventricle and changes in arterial pressure, mainly in the
direction of decline. Thus, according to the data of V. I. Kuznetsov and

G. A. Luk'yanov (1957) a decline of arterial pressure was observed in 61%

of those examined and elevation, in 6.7%. There were also unstable pulse
(tachycardia or bradycardia), changes in EKG indices (decreased wave voltage,
changes in intraatrial and intraventricular conduction, decline of T wave,
5~T interval and extension of Q-T). There was appearance of labile pulse
with functional tests, changes in capillary circulation, attenuation of
vascular reflexes in plethysmographic studies, inadequate and static reac-
tions to cold and heat. The clinical changes were most often defined in
terms of "asthenovegetative syndrome" or "vascular dystrophy." Along with
signs of the asthenovegetative syndrome, some changes were noted in oxygena-
tion, with development of hypoxia, occasionally demonstrable after functional
tests (M. A. Kurshakov, P. M, Kireyev, 1963; G. G. Lysina, 1968, 1972),

which authors related to impaired coordination between delivery of blood and
aeration in the lungs.

According to Ye. I. Vorob'yev (1971), oxyhemometric and spirometric studies
revealed the same incidcnce of Jeviations from normal in oxygenation of
blood and external respiration function in individuals of the main (gamma
flaw detectors) and control group. Blood flow in the pulmonary circulation,
determined by the oxyhemometric method, was increased in 5.2% of the main
group and 6.3% of the control, and decreased in 11.2 and 9%, respectively.
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Decreagsed vascular tonus was often demonstrated on the basis of the results
of measuring PWPV in vessels of the elastic and muscular types.

- There have also been reports of changes in permeability of tissular membrancs
(hyaluronidase-hyaluronic acid system) and vessels (M. I. Smlroova, Ye. A,

- Denisova, 1969). The chauges in histamine coutent were rassicot, aed
cholinesterase activity was not infrequently low,

In the early vcars of using sources of ‘onizfoyg radiation in industry,

changes in the cardiovascular system were @igo found more ofteun hecause

they were based on findings referable maiuly to sizk individuals who cfter

sought medical aid. According to werks of recent years, a comparison of

findings on the main and control groups often fails to demonstrate appreci-

- able changes in health stalu. and condition of the cardiovascular system
(A. K. Arnautov et al., 1966-1968; V. K. Sel'tser et al., 1966-1973, and
others).

Some authors stress the exceptional sensitivity of the cardiovascular system
to even low levels of radiation, without evaluating the effects of other
factors. Thus, V. V. Volkovitskaya et a!. (1966) found some physiological
changes in individuals exposed to lonizing radiation in the form of brief
episodes of doses in excess of the permissible level (during repair work

on different elements of charged particle accelerators, when the radiation
doses could reach 3 rem in 3-7 days). These changes were transient and did
not exceed the range of the physiological norm, but they differed from

base findings. In our opinion, it would be more correct to evaluate them as
vari.ats of normal physiological reactions to a set of occupational factors
(excessive fatigue while doing repair and inspection work).

The most comprehensive data referable to dynamic observation of individuals
working in contact with sources of ionizing radiation in the main branches
of industry are contained in works of the last decade (A. K. Gus'kova, Ye. A,
Denisova, V. A. Soldatova, N. I. Gorbarenko, R. A. Solodova, G. I. Kirsanova,
- E. N. L'vovskaya, A. V. Barabanova et al., 1963-1975, and others). A
complete, rather than sampling, dynamic screening was made of individuals
coming in contact with radiation while working with charged particle acce-
lerators and atomic reactors used in scientific research, as well as medical
roentgenologists and radiologists, industrial roentgenologists and flaw
- detectors, mine workers, individuals employed in scientific research institu-
tions and those using radioactive isotopes in producing fluorescent substancesof
continuous action based on radium and mesothorium, and others. In all,
there were 6000 people examined in the main group and about 500 in the
control; they were under observation dynamically for 10-15 years, at 1-2-
year intervals.

In view of the mildness, transience and reversibility of the observed changes
in the cardiovascular and nervous systems, special investigative methods

were used for early detection of deviations. The following techniques jus-
tified themselves the most: electrocardiography, rheography, sphygmosraphy,
determination of systolic and minute blood volumes, general peripheral
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resigtance, autonomle reflexes (Aschner-bDagoini oculocardiac reflex, oculo-
statilc, postural reflexes, orthotatic and clinostvite), determination of skin
temperature and perspiration, threshold levels of different forms of
gensibliiity., ALl studies were conducted at rest and ofter functlonal
loads, and thls made it possible to demonstrate the reserve capabilities

of the tested systems, as well as possible range of fluctuations in each
individual case and the group as a whole.

The studies showed the chosen methods to be adequate for detection of early
functional changes under the influence of radfation, and they made it
possible to assess the health status of examined individuals as a whole.
The medical findings were compared at different times, with consideration
of cumulative radiation dose and its distribution in time. The results of
clinical tests were processed in the directlon of evaluating health status,
and clinicophysiological characteristics of the cardiovascular system at
different observation times, as related to radiation dose level; thus, a
study was made of the stages of formation of reactions to chronie radiation
in low doses, in the course of accretion of the dose load and as compared to
findings for control groups examined at the same times. Concurrent examina-
tion of a control group yielded information about the incidence and direc—
tion, nature of changes in the cardiovascular system of essentially healthy
individuals, made it possible to investigate the dynamics of their develop-
ment at different ages, to assess their stability, direction, severity and
to obtain information about the incidence of disease among essentially
healthy people. The obtained facts were submitted to statistical processing.
On the basis of the comprehensive work-up, a conclusion was made for each
individual, with distinction of the following main categories: in good
health (lack of complaints or objective deviations, even after special
clinicophysiological tests); essentially healthy (history of compensated
disease in the pdst or deviations in parameters of physiological functions
that do not affect wellbeing and fitness of the subject and do not form
a circumscribed syndrome of functional deficiency of any system); circum-
scribed syndromes of cardiovascular reaction: syndrome of vegetovascular dys-
function, vascular dystonia of the hypotensive or hypertensive type, occa-
- sionally combined with general asthenia (asthenovegetative syndrome); they
- are described in Chapter 1. In some cases, a general (nonoccupational) or

occupational disease (chrinic radiation sickness) was diagnosed at the

time of the examination.

There was prevalence of men among those working with accelerators, atomic
reactors and industrial roentgenologists, and more women among medical
roentgenologists and radiologists. The mean age of those screemed in
the former group was under 40 years and in the latter, slightly over 40
years, Control groups were formed to correspond with the main groups,

- with regard to differences in sex, age and nature of work, as well as
similarity of residences in specific economic and geographic regions.

The results of this study revealed that the first reactions to the entire
set of occupational factors appeared in 80% of the subjects upon reaching

75

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100010059-5



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100010059-5

FOR OFFTGIAL Nl ONEA

a cumulative radiation dose of 25-30 rem in 5- years. The (ncidence ol
deviations of some antonomic and hemodvnauic Indlices vose apnreciably, as
compared.to base data and results obtained in rontrol groups. Theve were
more individuals with complaints of an asthenoneurotic nature ({iucreased
- fatigabilipy, headaches, heaviness of the head, sleep disorders, lrrita-
- bility, quick temper, excessive perspiration). At the same time, no changes
were demonstrated in viscera, the nervous system, eyes or blood of most
subjects, Objective examination revealed wuuffled heart sounds (207 of the
cases, versus 14% at the first examination), systolic apical murmur 7%,
versus 6%) and rhythm disorders (31 and 167, respectively). Onset of these
deviations was apparently due to changes in regulatory influences of the
autonomic nervous system on the myocardium. All of the deviations were
moderate, and thelr incidence was lower than usually cited in the literaturc
for individuals exposed to radiation under occupational conditions. Thus,
V. I. Kuznetsov and G. A. Luk'vanov (1957) found dull heart sounds and appear-
ance of systolic murmur in 58% of the cases and L. M. Omel yanenko (1957),
in 57%, and she considers these symptoms to be signs of dystrophic myocardial
changes.

EKG examinations revealed a higher incidence of rhythm and excitability
disorders of the myocardium (56 and 29%, respectively), and a more frequent

- tendency toward elevation of systolic index (26 and 11%, respectively).
There was more marked tachycardia after a measured physical load. These
deviations are also typical of disturbances of autonomic innervation, with
changes in bioelectrical processes in the myocardium.

Many authors have reported changes in cardiac function, according to EKG
findings, among individuals working with ionizing radiation, and most of
them demonstrated changes in rhythm of heart function, negligible decline
of wave voltage, flattening of P and T waves, extension of Q-T, evaluating
them as manifestations of disturbances in tonus of the sympathetic and
- parasympathetic nervous system, with trophic changes in the myocardium,
hypoxic and regulatory disturbances of biochemical processes in the myo-
cardium (P. D. Gorizontov, B. B, Moroz, 1962; N. A, Kurshakov, 1963; Ye. I.
Vorob'yev, 1973, and others). Upon reaching the above mentioned doses,
increase in systolic and'minute blood volumes, instability of total peri-
pheral resistance with moderate decrease or, less often, increase thereof
were observed more often in the main group. There were also more marked
fluctuations of these parameters with the use of standard physiological
loads. Although arterial pressure was consistent with the age norm in
most subjects, more distinct fluctuations were observed in the course of
the dynamic study, as compared to control groups: at the early stages,
with radiation doses of 25-30 rem, arterial hypertension was found almost
= 3 times more often and hypotension less often; thereafter, with increase
in radiation dosage there was an appreciable increase in incidence of hypo-
tension, whereas in the control group the fluctuations of arterial pressure
were insignificant throughout the observation period. The differences were
statistically reliable, with regard to mean maximum arterial pressure in
the main group at different times (118-106 mm Hg, t = 3.0). 1In the control
group, there were negligible fluctuations of mean systolic arterial
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prev’oure (LHGoo G100 00 G 0 vomp i o o e e o tod dndices of
arterial pressore b the paby and o) e recealed aomore congiatent
elevation in the cont ol pronp Lol e re e ade agted i Ineyeaged
with dacreaos in 0 These fIading oo constent with data in the
Piterature 20 M0 Yoty by ot abe, 1990 A 1L Hyanandicow, 1Y% L. 4.
Rysbiog 1907, coud ot ). In the wetin pgroup, v tol o prosaanre emnlned
at dower Lewclas Perbuape this applice onl 0 o apea THi Lo ot doses,

At Lhe same timen, we aleo observed ol onpes in pirbse rate, AL the carly
etapge, there was a tendency toward tachyeardia and later on, bradyeardia,
The data In the Titerature on this seore are contradictory, V. . Knsnetsov
and G, A, Luk'yanov (1957), o L0 tolohunoy (1962) and ather teorted
bradycardiag, Lo M. Oned' yanenko et wde (1297 0 on tiee conrrary, oboerved
tachycardia more ofLen,  HMost anthors renort o tendency toward deeline of
arterfal preasnre (M, Ko Fateyveva et ale, 19605 o0 A, Danilin ot al., 1961
Yeo To Vorab'yev et al,, 1908, and othersy . iwidentiy, this contradiction
In attrlibutable to dittferences du coaninnt ion e and dose levels,

Measurement of pressure In the contral retinag artery (K, 3L L'vovnikaya,
1965, 1972) revealed a decline more oftea in the main g, oup than the control
(noall age groups), especially after 8=12 yoars, of ohservation (32% versus
217 Inthe control),  The drop of pressure In the central revlnal artery
colnelded, In most cases, with systemic hemodynanic chanpes, and it was
observed more often In fedfviduals with arterial hypotension.

Studfes of arterial pressure in symmetrical vascular regions of the upper
and Lower extrembities by means of osciilography revealed a high incidence
of asymmetrical arterial pressure fn the main gronp, particularly in
vessels of the arms (up to 257 of the cases). There was also frequent
asdymmetry of the ogelllatory fudex o the mafn wroup (17-227 of the cases,
versus 117 in rthe control).

Increased labillty of arterial pressurce and puice was also noted in the
functional tests, lability of arterial pressare belog more marked in
orthostatic pusition and labllity of pulse, in clinostatic. After the
physical load, there were nore significant {luctuations of both arterial
pressure and pulsge than at the nftial exanination, which could be indicative
of increased cxcitabiiity of rhe antonomic nervous systen,

Yo. I, Vorol'yes et al, (1Y65) demonstrated o distorted reaction and inertia
of arter'al pressure and pulse with functbonad tests, evaluating this as
prevalo e of paragympatncetic reactions and morce aarked inhibitory processes
in the cerebral cortex,

Sphygmopraphic studteo o the vascular wall (determinatfon of pulse wave
propagatlon velocity-— PVer mns slar and clastic vessels in seynents of
the femoral, radial arterics and aorta) revealed that changes in PWPV,
mainly in wiscalar Lype vessels) were obhserved conciderablv more of ten

In the maln group of Individuals than in the conrrol.  These changes were
particularly noticeable at the carly stapes in subjects with unstable
arterial pressure and a tendency toward clevation or decline.  There were
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legs frequent changes Ln PWPV Qo vessels of e elestfe type. A normal
correlation between PWPV fu muscularv ol vbantie typon of vewsoln was ob-
gerved in 50% of the subjects. T oall casey, the change was due to -

change in PWPV in vessels of the muzcular type. Ia Lhe control group, the
correlation between PWPV in vessels of the mrsenlar and elnctic typer

(Cpy Ce) was normal ln wost cases, and there o o apprectenble chovpoe In
the coefficlent upon re-examination, A marke! correlasinn wos deronsorited
between Cp and umean dynamic arterial pressure. Cp was accelevated Ln 68-874
of the individuals with high mean arte: {al pressure ond slowing of the forae
was obscrved 1in 48~687% of the individuals woth low avterial preesure,

The data we obtained may be indicative of some justability of indices of
vascular tonus, malnly in arterces of the muscular type, and phaszic nature
of changes in tonus of large arteries. At the carly stages, trhere wag more
often a tendency toward increased muscniar tonus of the vasentar uell apd

at the later stages, with higher doses of cadiction, there was more ofien
glower piopagation of the pulse wave, indicative of decreased vascular tonus
of erteries of the muscular type. The changes In tonus were dlso referable
to smaller vessels (arteries, arterioles, velns), as indicated by rheo-
graphic studies that made It possibie to evaluate both vascular tenus (over-
all) and blood supply to different vascular reglons. The studies revealed
that there were no gross disturbances, but decreased tonus of cerebral
vessels with signs of venous stasis in some vascular regiors were observed
at the late stages. N. 1. Shcherbakov (1960, 1966), Ye. 1. Vorob'yev et al.
(1968) and others reported on decreased vascular tonus on the basis of

oscll lographic studies (drop of mean arterial pressure, flattening of oscillo-
grapnic curve, asymmetry of parameters of oscillogram curve, some elevation
of oscillatory index); N. A. Kurshakov, 0, M. Kireyev (1963) and others
reported the same on the basis of data indicating slower PWPV in vessels of
the muscular type.

Determination of systolic and minute blood volumes, as well as total peri-
pheral resistance, made it possible to evaluate more fully the state of
hemodynamics. The changes were related to observation period. At the early
stages, with radiation dogses of about 25-50 rem, one-third of the subjects
in the main group presented above normal (62 mf) systolic volume. 'This
could be indicative both of increased diastole and increased contractility
of the myocardium as a resuit oi the positive inotropic vagal cffect (N. N.
Savitskiy, 1970).

In the control group, the systolic volume was about the same at all examina-
tion times and there was a low incidence of deviations from normal. The
difference between the main and control groups, with respect to incidence

of deviations from normal systoclic volume, was statistically significant

at the carly stages (t = 2,75). Minute volume was somewhat higher in the

main group, as compared to the first e¢xamination, whereas there were virtually
no differences in the control group. This was also reported by Ye. V.
Gembitskiy (1967), N. S. Molchanov (1962) and others.
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The corvelation between actual and proper minute volume it the screened

indlviduale revealed that the actual devoel was o o ofren above the due
level fn v mafn group, especially at the early stageqs, and the differences
from the control proup were reliable (L= 3.3),

Total peripheral resistance was normal in most individuals o the wmaln group
and the control. A cowmparison of actual and proper total peripheral resistance
revealed that deviatfons (n the direction of lower and higher actun] resistance
were encountered equally often in the groups examined, but at the tast exami-
natlon there were more frequent deviations in the divection of higher actual

1 peripheral resistance in the control pgroup.

Along with changes in cardiac function and hemodynamics, there were also
vegetosomatic nervous disorders, as indicated hy skin temperature changes
and disturbances on cutancous thermotopography, perspiration, changes

in reflex background of tendon reflexes with fnconsistent aszmmetry thereol,
appearance of negative and distorted reactions to the Aschiner-Dagnini test
and demonstration of orthostatic and clinestatic refleres, coordination
disorders, changes in discrimination and vibration sensibility, lowered
threshold of sengibility to pain and faster adaptatlon to pain. The incid-
ence of these deviatlons constituted 20-307., More often, changes iu the
cardiovascular and autonomic nervous system were found in the same subjects;
they warranted the diagnosis of the syndrome of functional instability of
regulation of the cardiovascular system, vegetovascular dystonia, apparently
related to increased excitability of the autonomic branches of the nervous
system., According to the data of A. B. Markizova and £. N, Mukhina (1968},
V. K. Kamenetskiy (1968) and others, changes in autenomic reactions and
reactivity were observed in about 307 of the cases, i.c., the incldence and
time of appearance of these deviations were close to the figures we obtained.

It should be noted that the subjects often felt well and presented no com-
plaints about their health status in the presence of objective changes in
the autovomic nervous system or hemodynamics. Occasionally, changes were
demonstrable only after a load, indicating increased reactivity of the
autonomic nervous system,

All reactions to exposure in this range of radiation dcses were moderate,

they presented no strict specificity and it would have been difficult to

detect and consider these deviations if we did not have the base data and

results f{ dynamic observation, as well as data on the control group. It

is only by means of dynamic comparison that we could relate themw, not only

to the effects of ionizing radiation, but the set of other industrial factors.

According to our data, functions of vital organs are not affected, and

they present variants of norw:l with some expansion of the range of

vascular reactions, 55 also ceported by other authors (N. S§. Molchanov, 1962;

= Ye. V. Gembitskiy. 19693 A. K. Gus'kova et al., 1970, 1973; V. K. Sel'tser
et al., 1973, and others). According to the data of A. K. Gus'kova, Ye. A.
Denisova, V. K. Sel'tser and others, the above-described initial reaction
lasted an average of 1-2 years; thercafter, in spite of continuing on the
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same job, the deviations leveled off, The voversibliity of chauge. o aeast
subjects, their good general conditlon sn! neglipible levels of deviatluns
confirm the formed impression of weuro . Jlex mechaniem of thels cnpaisang.
We are justified in interpreting the ohgerved clhanges as au adapterional
reaction to altered environmental conditions, including exposuve to lonizing
radiation. Occasionally (17-20% of the canes) the chenges 201 not dlsappear
or even progressed smumewhat, and with turther foacrease o odosans Lhoes waa

development of the clinical syndvome of neuroc reulatory dystonia ot the
hypotensive type, indicative of some deficlency mainly in regional circula-
tion. The syndrome of neurncirculatory dystuuia obuecrved in this greup of
subjects was characterized by several clinfcal distinctions. The patients
compluined of headache (mainly long~lasting, almost constant, localized in
the region of the forehead, temples and occiput), insomnia, increared
X fatigability, general weakn~ ey, vertigo, especially in the mornings. Thelir
integument was pale. Dull heart sounds and an apical systolic murmur werce
found 1in half the subjects. There was arterial hypotension (90%) vl
bradycardia (31%). Vascular tonus was decreased (slow PWPV iun vessels of
the muscular type, slower propagation of the rheographic wave, change in
type and quantitative parameters of rheograms) in peripheral and cerebral
vessels, particularly veins, with signs of stasis. An lncrease or tendency
toward increase was demonstrated jn systolic and minute blood volumes, as
well as decrease in total peripheral resistance. Analogous changes were
also observed by Ye. V. Gembitskiy (1968) and many other authors.

Instability of vascular tonus and changes in reactivity were also demonstrated
with the oscillographic, rheographic and plethysmographic methods, and
capillaroscopy. More often there was diminished tonus of both large and
smal ' vessels, with spastic and atonic capillaries. Vascular tonus was not
the same in different regions, and there was more frequent decrease in
tonus of vessels of the head. Decreased tonus of cerebral veins was often
demonstrated by means of rheography, orbital plethysmography, occlusion

- plethysmography and examination of vessels of the eyegrounds (V. P. Zhmurkin
et al., 1965; G. I. Kirsanova, 1968, and others). Slower resorption of
radioactive iodine from the intracutaneous reservoir was also indicative of
changes in peripheral circulation (M. I. Smirnova, Ye. A. Denisova, 1969).

The fluctuations of arterial pressure and pulse rate with functional tests

- (orthostatic, clinostatic, physical load) were more marked than in essentially
healthy individuals, and this is consistent with the data of Ye. V. Gembitskiy
(1968) and others. Changes of a regular nature were demonstrated on the EKG
of almost half the subjects (43.5%) and changes in bicelectrical processes
in dne-quarter (28.5%), indicative of diffuse changes in the myocardium of

- a dystrophic nature. They consisted of lowering of wave voltage, flattening,
crenation of P wave, WRS complex and T wave, which could be indicative of
slower conduction of excitatory impulses and slower contractions of specific
muscles of the ventricles. Slowing of atrioventrical conducticn and
increase of the systolic index were observed less often. These changes could
be indicative of the prevalent influence of the parasympathetic nervous
system.
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Evidently, alouy with regulatory changes fn autonomlc lanervation, more
profound changes are also observed, which lead (o a change in myocardial
metabolism. Tt Is dlfficult to vule out the patholosical Tufluence of the
vagus on onset thercof, They could be interpreted as dysmetabolic, dy -
trophic. This concept is conslstent with the change In levels of metabol Lsm
in the myocardlum (A. V. lvanov, N, N. Kurchakova, 1962; Ye. I, Tmehnikov,
1969, and others). At this stage of observation, these deviations do not
weaken myocardial contractllity, as indicated by hemodynamics and results

of measurement of systolic and minute volumes.

Autonomic disturbances and a tendency toward lowering of skin temperabure

in distal parts of the limbs, asymmetry of skin temperature and perspiration,
changes in sensitivity to pain in the distal parts (hypesthesia) were demon-
strated in patients with neurocirculatory dystonia, which is indicative of
disorders of receptor systems of a primary nature, as well as those related
to circulatory disturbances. Postural reflexes (orthostatic, clinostatic),
Aschner-Dagnini oculocardiac reflex, physical load tests were indicative

of increased reactivity of the nervous system with consjderable {nvalvement
of its parasympathetic branch.

Examination of biochemical indices failed to demonstrate appreciable dis-
turbances, but there were changes inherent usually in older age groups
(moderate increase in alpha-2 and gamma globulins, increase in beta lipo-
proteins, etc.), as also indicated by Ye. V. Gembitskiy (1969), V. N.
Kozlovskiy (1972) and others. According to the data of G. G. Lysina (1975),
maximum oxygen tension was also higher in the same individuals than in the
control, while the index of tissular oxygen uptake was higher than the
index of oxygen transport. After an oxygen load, there was less increment
of oxygen than in the control, and this is probably attributable to the
higher "initial level" of oxygen tension before the load. The overall
indices of redox processes (oxygen disapperance rate in blood and urine)
did not differ from data for the control group and corresponded to the
lower range of normal. There was an increase in external respiration (in-
creased minute volume of respiration and oxygen absorbed per minute),
indicative of an increased oxygen requirement. The authors related the
observed disturbances to disturbances of gas exchange regulation, and they
considered them to be adaptational.

Not all subjects developed the syndrome of neurocirculatory dystonia. In
most cascs, there was only an initial reaction to radiation, apparently of
an adaptive nature to adjust the body to new conditions.

In addition to ionizing radiation, individual discinctions of the body
(extent of adaptability to environmental changes, level of development of
functional systems, regulatory system), as well as the effects of other
factors (psychoemotional loads, mental tension, trauma, prior diseases,

bad habits, etc.), are probably of some significance, and they could create
a certain background of increased sensitivity to exogenous factors.
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With increase in cumulative radiation dosecs to 200-400 vem, chauges may
appear in other organs and systems, funcl:uling the blood, gastrofutestinal
tracty respiratory organs, and some individuals develop chronfe vadiatien
sicness. In such cases, there is also secondacy involvement ln the process
of the cardiovascular system due to injury to more radiosensitive organs
and systems. This was observed in paticnts with chronic radiation sickness,
for example, medical roentgenologists with long work teaure cxposed to
cumulative radiation of the order of 150-400 vem (V. A. Soldatava, 1967-
1973), as well as individuals working with radium {R. A. Solodova, 1967).

Thus, with exposure to up to 100 rem there are no overt signs of radiation
sickness, but there is impairment of neurovascular regulation and appearance
of moderate changes in systemir and local (mainly) circulation. The initial
reaction is adaptive in naiure, and there is no substantial involvement of
circulation in vital regions (brain, heart). This is assoclated with @

good general condition and fitness of subjects. As a rule, the hemcdynauic
changes are compensatory in nature (drop of arterial pressure is associated
with increase in systolic and minute volume; slowing of pulse aund blood

flow is combined with increased tissular oxygen uptake), i.e., the changes
in some functions are compensated by others to provide the integral para-
meters inherent in normal circulation.

The transient nature of the reaction to continued exposure to radiation is
indicative of its adapiiwe and physiological nature. The neurocirculatory
dystonia syndrome, which develops in some people under the effect of the
same radiation doses, may be indicative of aggravation of neuroregulatory
disocders and changes in central and peripheral circulation inherent, to
some extent, in these individuals previously. In such cases, the changes
are functional and no profound disturbances of cardiac activity develop.

Progression of cardiovascular pathology may be observed with development of
chronic radiation sickness.

In addition to changes in general hemodynamics and cardiac function, local
disturbances of peripheral circulation (in the skin, limbs, brain) combined
with drop of arterial pressure, venous stasis and venous hypotonia ave
inherent in chronic radiation sickness. The local circulatory disorders

are aggravated under the influence of some provoking factors, they induce
subjective disorders (headache, pain in the extremities, increased sensation
of cold, general weakness and others) that may be the prime elements of

the clinical syndrome. Transient focal neurological symptoms may appear,
which are attributable to regional insufficiency of cerebral circulation
and transient hypoxia of some parts of the brain. Objective exanination
reveals mild involvement of nerve trunks in the reaction. Some tenderness
of the periosteum, vessels and, less often, muscles is demonstrable,

Muscle tone is somewhat decreased in the limbs. Distal reduction of

pain and vibration sensibility is often demonstrated. In~depth studies
reveal the nature of asthenic disorders. The sensation of pain may be

very long-lasting, and it is confirmed by means of adaptometry and other
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electrophyslologieal tests (A, K, Gus'kova, 1. K. Larlonova, 1963), Signsg
of dmpaired peripheral cilrculatlon arve also Founl: cyanosis, cold extremi-
tics, changes In oscillation curves, rheovasograms and capillary blood flow.

Inadequacy of cerebral circulation under the [nflucuce of radiatiou may be
manifested in the form of predominant decrease or Increase fu touus of
cerebral arteries and veins (G. I. Kirsanova, 1968, 1971). Dull headache,
occurring in the morning and becoming more intense at the end of the day,
after spening time in a stuffy room, when overtired or after physical
stress, is more typlcal of individuals with predominant decrease in arterial
- and venous tonus. Vertidgo is rare, clinical signs of vestibular disorders
are limited to vegetative manifestations and mild nystagmus, mild shakiness
when walking and in Romberg's position; there is diffuse and mlld decrease
of muscle tone; tendon and periosteal reflexes are inconsistently asymmetrical.
At the time of a headache, the severity of symptoms increases. Arterial
pressure is low, including that of the central retinal artery; the veins

of the eyegrounds are dilated and arteries are occasionally moderately con-
stricted. The rheoencephalogram shows rapid ascent to the peak of the
curve, marked additional waves on the descending leg, slower propagation

of the rheographic wave, which ig typical of decrecased tonus of arteries

and veins.

- Constant and especially sporadic headaches related to diverse physical and
emotional stress, changes in temperature, barometric pressure and other
meteorological factors are more often present in individuals with increased
tonus of cerebral arteries.

Arterial pressure is normal or moderately elevated. There is mild constric-
tion of arteries of the optical fundus. Neurologically, there is prevalence
of transient focal symptoms of the order of mild pyramidal insufficiency.
The headaches are more often localized in the occipital region. During an
access of headache, there is appearance of nystagmus and tenderness with
extreme diversion of the eyeballs, with attenuation of the general back-
ground of reflexes and muscle tone, and reflex asymmetry. Rheoencephalograms
- show signs of increased arterial tonus and vascular asymmetry. These symptoms
are more often observed in individuals over 40 years of age. There is pre-
valence of women among individuals with decreased vascular tonus.

The data in the literature (A. F. Bibikova, 1960; R. M. Lyubimova, 1962)
are indicative of involvement of spinal fluid synthesizing structures and
fluid-containing pathways in the reaction to radiation. Our observations
reveal that, in the case of chronic exposure to radiation in the dose range
of 150-400 rem, marked disturbances referable to spinal fluid dynamics are
observed only when exposure to radiation is associated with a history of
infection or trauma of the nervous system. They are more consistent in the
case of local irradiation of the brain in doses reaching several thousand
roentgens, and the direct effects of injury to the glial stroma are in-
volved in onset thereof.
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The changes in cardiac activity In the presence of chrowe radiation glckness
are characterized as changes that are mainiy regulatory in nature, as well
as disturbances of a metabolic nature in the myocardlum propur, oi the utyo-
cardiodystrophy type. Complaints appear of pain in the reglon ol the heart,
- palpitations and dyspnea, Widening of boundaries of the heart, dull heart

’ sounds and apical systolic murmur are desoustrable., On the UG there iy

- a decrease in voltage, flattening of T wave and decreasc of 8-T iute.val,
widening of QRS complex, elevation of systelic index and moderate increase
in ventricular electrical systole. The tendency towavd intensified,
inadequate and longer reactious to physical loads persists. It should be
nnted that all of the changes are more marked in the older individuals.

There may be structural changes in the heart and vessels with exposure to
large cumulative doses of radilation, and they subsequently become quite
persistent. Appearance of corresponding physical symptoms (dull sounds,
wider boundaries, change in vascular tonus) is indicative of these cuanges.

Other variants of the syndrome of neurocirculatory dystonia (normotonic type
with cardiac signs and hypertonic type) are not inherent in chronic exposure
- to radiation. Their incidence in the main groups does not differ from the
- control, and they are identical to analogous syndromes of nonradiation
genesis with respect to clinical and physiological characteristics.,

Investigation of morbidity among individuals in the wain group revealed that
the incidcnce of such diseases as vascular atherosclerosis and cardiac
jschemia became somewhat higher at the end of the observation period than

at the first examination, However, one must also take into consideration
the corresponding advance by 12-15 years in mean age of the subjects and

B an analogous increase in incidence of these ciseases in the control groups.

- Analysis of diseases of the cardiovascular system as a function of working
- conditions and occupation (Table 5) indicates that there is a higher incidence
of functional disorders among workers dealing with accelerators, medical
radiologists and industrial radiographers, as well as those who work with
- radioactive isotopes at scientific research institutions. We were impressed
by the somewhat higher incidence of essential hypertension and vascular
atherosclerosis among medical roentgenologists and radiologists. The ob-
served differences in morbidity structure of the main group are attributable
to differences in age and sex composition of these groups. Moreover, the
distinctive elements of their work, poor scheduling of work and rest,
somatic burden and, in a number of cases, bad habits are apparently clso
significant. A comparison to a adequate control data may confirm this
impression.

Analysis of observations, with consideration of the age of the subjects,
enabled us to determine that hypotonic reactions are encountered more

- often in the main group and older subjects, whereas hypertonic reactions
correspond to the control. In view of the fact that, at the present time,
the age of most workers dealing with reactors, accelerators and industrial
radiographers under 40 years, we deemed it necessary to continue the study.
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Table 5. luncldence of cardiovascular syudromes among individuals {n
different occupatlonal proups

.iqgiﬁgpptrbﬁ cardiovasc, syndromes, 4
workers | medical 4. I -
wv ﬂ o O
floe RO R SR
ATy
Clinical syndromes o S5 ba | e |Po| control
U S VRO [ L Dt roup
.A’.J‘gj) Ur\i; Qo)ra 'SUU gehav] O & !
BR|IBE|RB|NS|AD [8a%
Vegiggtive dysfunc- | 6,0 | 16,0 9.3| 8,2/ 19,7 { 16,0 ]9,0--8,7
Neurocirculatory
dgstonia:
ypotonic type 6,3 [25,0] 6.9]150] 7.3]17,0{5,6--8,2
hypertonic type 2,8 | 471130 4,0[15,0] 7,216,750
Essential hyperten— |0,7 | 2,1 |10,0} 69| 4,7| 526,082
sion
Vascular athero- 0,2 | 6,714 1731 1,8 6,0]85-13,8
sclerosis

*SRI--scientific research institutions.

The studies thus revealed that there are reliable diffcrences from the
control only in incidence of the syndrome of functional instability of
cardiovascular regulation. Clinically, these reactions are not specific;
they are analogous to those observed under the influence of other industrial
factors, as well as in control groups, and they may be attributable to
various causes (I. K. Shkhvatsabaya et al., 1974).

A study of some concomitant factors in some individuals, for example, bad
habits (excessive smoking and drinking), revealed that their incidence is
the same in both the main and control groups. In both groups, diseases were
more often encountered among individuals who smoked or drank excessively.
The differences between the main and control groups were significant only
with regard to the syndrome of vegetovascular dystonia, which is encountered
reliably more often in the main group.

However, bad habits may play an appreciable adverse role in the body's
reactions to working conditions.

The earliest reactions to low doses of ionizing radiation are changes of a
neuroreflex nature leading to functional changes in cardiovascular activity.
Ionizing radiation acts like a nonspecific stimulus of the nervous system.
At first, the reactions do not present a strict direction, and they are
characterized by greater than normal lability, instability of the main
hemodynamic parameters, as well as wider range of responses to functional
tests. It has been demonstrated that some endocrine glands and related
humoral mediatory systems (thyroid, adrenal corteax, hypophyseodiencephalic
region, reproductive glands, catecholamines) are involved in formation of
the changes. These changes can be evaluated as the syndrome of
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vegetovascular dysfunctlon, which 1s adaptive at the carly staves to the
effects of lonizing radlation. Thereafter the tunctional deviations

acquire more directicn, the changes becoue more marked and gtable, some

signs appear of local circulatory disorders, changes in cardliace functinon,
autonomic nervous system and endocrine glands, with impaired equilibrium

of mediator systems and lability thereof. The changes in one phase are
consistent with the syndrome of neuroclirculatory dystonis of the hypeotonic
type (mainly), and it is also part of the clinical signs of chronic radiatlioun
sickness.

The question of significance of occupational radiation fndoses cloge to

the adopted maximum permissible levels with respect to onset or complicat:ion
of circumscribed cardiovascular syndromes is debatable, and it should be
further investigated. At this point in our observation period, it is

valid to state that there is no reliable information indicative of a

higher incidence or aggravation of essential hypertension. On the contrary,
there is some delay in age-related transformation of arterial pressurc In
the direction of elevation and a tendency toward moderate arterial hypotension
among individuals exposed to the maximum cumulative dose of radiation. This
variant of vascular disorders does not consistently present visible dis-
turbances of vascularization of the vital organs (brain, heart)., We also
failed to demonstrate conclusive changes from neurocirculatory dystonia of
the hypotonic type to atherosclerosis, with signs of systemic and local
circulatory insufficiency. However, the somewhat higher incidence and
earlier demonstration of some signs of age-related involution with the
highest radiation doses, according o the results of laboratory and instru-
ment tests on individuals in the mzin groups (biochemical changes, changes
in the lens), make it imperative to conduct a close epidemiological study

of these groups.
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CHAPTER 5. THE CARDIOVASCULAR SYSTEM AS AFFECTED BY EXPOSURE TO MICROWAVE
RADIATION

[Text] Natural electromagnetic fields are a constant compenent of the
environment of man. Changes in their intensity and frequency are related to
fluctuations in solar activity. The fluctuations in intensity of natural
electromagnetic fields also depend on electric conductivity of earth's atmos-
phere which, in turn, is related to humidity, temperature, rate of movement

of air layers and other meteorological factors. Thus, in the course of evolu-
tion, animals and man had to adapt to natural electromagnetic fields and the

Z significant fluctuations of their parameters.

At the present time, in view of development of electronics and use, in different
branches of the national economy, of equipment that emits electromagnetic

| fields in the radiowave range, there are local changes in the natural electro-

_ magnetic background affecting limited groups of people.

In view of the urgency of the problem, many studies have been pursued in the
last decades of the biological effects of electromagnetic fields (EMF). More
comprehensive investigation has been made of the thermal effects of micro-
waves at a flux density (incident energy) of the order of 10 mW/cm? or more.
On this energy level, the biophysical mechanism is related to transformation

. of electromagnetic energy into thermal energy when absorbed by tissues. De-
pending on the wavelength and properties of tissues, primary heating may
occur at different depths from the surface of the body; deeper tissues are

o, heated with exposure to decimeter waves, while exposure to centimeter and

' millimeter waves induces heating of superficial tissues, just like infrared

5 and direct solar radiation. Poorly vascularized tissues are subject to

more intensive heating., The change in tissue temperature leads to intensifi-

i cation of metabolic processes, irritation of excitable cells and injury to
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tissular structures. The biophysical mechanisms have not becn studied at

a lower intensity of radiation, which is the case in modern industry (the
energy levels are lower than those that cause a temperature change). It is
believed that they are due to development of reactions on the molecular and
cellular levels. This includes the effect of dielectric saturation (Schwan,
1958), the phenomenon of molecular resonance (Vogelman, 1968), the phenomenon
of nonthermal denaturation of protein and change in membrane potential related
to the change in permeability of the cell membrane (V. I. Shtemler, 1973;
Portela, Vaccari, 1973, and others), There ma, also be lmpairment of electro-
magnetic regulation of functions in the integral organism (A, S. Presman, 1968).

The main mechanisms of these phenomena may be relaxation oscillations of ions
and dipole molecules in the aqueous phase, rotation thereof and reorientation
in space under the influence of the energy of electromagnetic radiation (Yu.
A. Sebrant, 1969; Illinger, 1969). With specific parameters of radiation,
not only redirection of side chains of large molecules, but separation thereof
are possible. Thia effect becomes possible in the case of resonance absorp-
tion of electromagnetic energy by naturally oscillating molecules on the

- interface of media (Vogelman, 1968). The difficulty in studying the early
physiological changes are attributable to the complexity of conducting an
experiment, which includes electrophysiological studies, the difficulty in
determining absorbed energy and its distribution in organs, tissues, physio-
logical and submicroscopir structures. Research on the effects of electro-
magnetic waves on the integral organism is represented the most extensively
in the literature, this applies to a lesser extent to different organs and
cells, and very seldom to relatively simple subcellular models.

The hemodynamics related to microwave irradiation were investigated in
experiments on the basis of pulse and arterial pressure of different animal
species,

A comparison of studies conducted on large and small laboratory animals shows
that microwaves lead to a significant change in pulse and arterial pressure
of rats, rabbits, mice and pigeons (Z. V. Gordon, 1964; I. M. Yakovleva, 1973,
and others), with negligible fluctuations of these parameters in dogs (Ye. V.
Gembitskiy, D. Ye. Gavrilova, 1968; N. V. Tyagin, 1971; V. P, Svetlova, N. I.
' Chubarova,.1973). Brief exposure to a thermal mode leads to acceleration
- of heart rate, while exposure in the nonthermal mode induces persistent
drop of arterial pressure and slowing of heart rate after a brief rise of
arterial pressure or short latent phase, This-led Z. V. Gordon to the con-
clusion that the hypotensive effect is a typical reaction to this factor.
A. S. Presman (1964) believes that the effect depends largely on the localiza-
tion and mode of exposure.  N. A. Levitina (1964) and V. V. Markov (1973)
established that intermittent irradiation elicits a more marked effect
than continuous exposure.

The experiments of McAfee (1969) and others, involving anesthetization of the
skin, warrant the belief that the changes in the cardiovascular system with
exposure to microwaves depend largely on the direct effect of radiation on
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| on superficlal reflexopenic :mens cnd ref Lo change in hemodynamics, which
is conslstent with the usual conceptions of physiology of.nervous regulation
of the cardiovascular system,

Studies of ecologteal and spocles specificlty of regulation of eardiac acci-
vity under the influence of superhigh~frequency (SHI) magnetic flelds
‘ revealed that, in the course of ontogenesis, there is a decrease in extent
- of acceleration of cardiac contractilons in respons¢ to microwaves, l.ec.,
i ecological and species specificity of function of the cardiovascular system
! has a substantial influence on the nature of animal reactivity, The change
. in cardiac function with exposure to wicrowaves reflects the general patterns
f of regulation of this system, formed in the course of evolutionary development
! of the animal kingdom (M. I. Yakovleva, 1973).

Hemodynamic reactions are an integral response of the cardiovascular system

, to a given factor, and they may be identical in the presence of different
—f routes of expression and primary mechanisms of effects on the organism. For
this reason, it {s important to investigate primary and intermediate mechan-
isms to assess reactions to microwaves: to study structure and functiom of
tissues that are the first to perceive radiation, their enzymatic activity,
exchange of gases, electrolyte balance, microcirculation, etc., investiga-
tion of balance of humoral regulatory systems, in particular, the sympatho-
_ adrenal system, investigation of distinctions of reflex regulaticn of the
circulatory system during exposure to microwaves and clinical maxifestations
of adaptation to this factor.

Many researchers have studied the morphological changes occurring under the

- influence of microwaves. Histochemical studies (G. K. Gerasmiya, 1963) of

the heart of rats exposed to SHF electromagnetic waves of thermal intensity
(density flux of 150-250 mW/cm?) showed that there were marked vascular dis-

! orders and dystrophic changes in muscle fibers, to the extent of formation

of areas of granular and clumped breakdown. A sharp decrease in glycogen con-~
tent of the myocardium was observed in animals exposed to SHF radiation, as
compared to control animals. The author interprets this as the result of
stimulation of anaerobic giycolysis, which emerges as a process of functional
compensation in this instance.

M. §. Tolgskaya and Z. V. Gordon (1971), who exposed animals to electromagnetic
waves in the millimeter, centimeter and decimeter ranges at thermal intensity
(140-100 mW/cm?), found significant vascular disorders in the form of severe

i lethora, perivascular and percellular edema and multiple small hemorrhages

fu the myocardium. Exposure to all ranges of waves resulted in irregular

! stalning and fragmentation of myocardial musclie fibers.

Morphalogical examination of animals exposed to low intensities (1-10 mW/cm?

‘ for 5-9 months) failed to demonstrate vascular disorders and dystrophic
- changes. M. S. Tolgskaya, Z. V. Gordon et al. (1973), who made a morpholo-
] gical study of the hypothalamic region, hypophysis, adrenals and thyroid
l during intermittent and continuous exposure to microwaves approximating
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industrial conditions, demonstrated phasic changes in functional activity,
which were reversible. . .

In a study of regulation of autonomic funccions, M. I. Yakovleva (1973)
demonstrated that changes may develop in the autonomic system under the
influence of microwave energy as a result of impairment of function of

higher autonomic centers, as well as changes in afferent and eclferent elements
of the autonomic nervous system. . i

Authors who investigated the effects of SHF on the central nervous system
by means of electrograms observed that the hypothalamus and cortex (Yu. A.

«  Kholodov, 1966, and others), stem regions and. reticular formation (Mickey,
1963; M. S. Bychkov, 1973) and limbic structures of the brain (K. V. Sudakov,
G. D. Antimoniy, 1973) are the most semsitive to this factor.

Experiments involving parallel recording of biopotentials of thn cortex,
mesencephalic reticular formation and posterior hypothalamus (exposure to

_ a flux density of 100 uW/cm? for 30 min) revealed that changes occur in the
cortex in the 5th-10th min after exposure. Changes were demonstrzble,
virtually simultaneously, in the hypothalamus and mesencephalic reticular
formation 10 or more minutes after exposure to SHF fields (I. S. Dronov et
al., 1973).

Analysis of electrographic data after exposing rabbits to a flux density of

50 uW/cm’revealed that the posterior hypothalamic region was more sensitive.

The changes in background activity in the hypothalamic region either
- diminishes or remained at the former level 1-2 weeks after exposure. With
this level of radiation, the authors failed to detect a cumulative effect;
however, in their opinion, such a prolonged altered functional state of the
diencephalic systems is a tension reaction close to stress. The observed
electrographic changes in function of diencephalic systems are considered
by the authors as direct proof of the hypothesis of diencephalic genesis of
the main clinical syndromes in individuals exposed to low-intensity micro-
waves.

It was experimentally established that EMF have a selective effect on limbic
structures: of the brain (K. V. Sudakov, G. D. Antimoniy, 1973). These authors
- attribute to this the change in behavioral reactions, conditioned reflex
- activity in animals and mental disorders in man under the influeance of EMF,
v gince we know from numerous investigations that limbic structures have a
direct bearing on formation of emotions, motivations and memory.

In assessing the findings of studies dealing with the effects of microwavzs
on the central nervous system and changes associated with this in the cardio-

vascular system, we must mention the significance of ecological factors,
which influence experimental animals.

Another series of studies dealt with humoral regulation, electrolyte balance,
exchange of gases and activity of other systems of the organism under the
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influence of mictowave <. Fofoontiv, the demonstrat ol cheooens shogdd Le
1

™ fnterpretes, on tie one hand, s the censequence ot the whove-deserihed
changes ‘o the centtal netvous Sy oand §to coaatbe branches and . on the
other banl. -~ the possthle result oF local procences cuearrdng v Ui

regiona of waxiunm ahsorption of eneryy.

' SooNL Nikogesyan (1964) el Voo AL Syngavevsearya (J966) emonstia ed that o
drop of bleod and orpan cholinesterase s obsarved fn animata with e g
to microwaves. This warrants the assamption that there is an fncteane u

. acetylcholine content, to whirch the hvpotensive .ol pepative ehronotrenic of«-
fect observed by other suthors may be related, o some eveent,

It 1s known that the condition of the leart and wvessels i+ closely related to

- oxygenation of tissues and level of redox processes.,  Studien of exchange of
gases after exposure of animals Lo microwaves revesled that, at intensicies
under the level of the thermal effect, there §5 an increase in tissular -
oxygen requirement, in arteriovenous difference for nxyien, due to more
intensive utilization of oxygen by tissues (L. A, Flhigsbazarova, 1968, and
others), whereas at thermal int “sities there is a de rease in tissular oxygen
uptake, apparently due to cherica. thermoregulation (v, I. Mirutenko, Ya. I.
Serkiz, 1968).

Research on activity of oxidative and reduction cuzymes supplements, to some
= extent, the studies of gas exchange; these investipations cstablished that

exposure to nonthermogenic intensities increascs activity of succinate

dehydrase and cytochromoxidase, while thermal radiation depresses their

activity. In the opinion of V. A. Syngayevskaya, these processes depend on

the intensity and duration of exposure, wavelength and initial state of the
_' animal.

‘fhen otudying the cardiovascular systes, it is important to know the state of
electrolyte balance., With exposure of rabbits to microwaves for 10 and 20 win
at a flux density of i00 mW/sz, the potassiuz ion content of blood serum
dropped from 23%0,92 to 20%0.32, tbat of sodium ions rose from 252+8.0 to
274%4.8 and that of calcium ions dropped from 13:G.40 to 8.240.5 (V. A. -
Syngayevskaya, 1%70),

b=,

A chronic ejperi~ent, involving exposure of rats to decimeter waves at 40 mW/cm?-

- (V. V. Kalukova, 1964), failed to demonstrate changes jin sodium and potassium
ions eiticr in blood plasma or urine, while the calcium level rose substan-—

_ tially, :{rst in plasma, then in urine.

: In the experiments of k. R. Chepikova (i463) un ravbits and dogs, with contact
exposurc of the region of t%. heave and remote exposure of the ventral aspect
of the body (X = 12.% .m, £i.; density 0.1-0.5 W/cmz), the changes in blood
N and wmyocardial potassium ioa content were phasic and in opposite directions.

We can cownprechend the causes of impaired electrolyte balance by studying the
works dealing with the state uf cell membranes under the influence of
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of microwave energy. V.I. Shtemler (1972) and E. Sh. Tsmaliov (lus),. wh
investipated the effects of decimeter waves on permcability .0 hemaa evvthyo-

cytes (flux density of 45 aW/cn?) (n vitro ietected o significant invresse in

overall flow of potassalum fons through the cell aemheane oot and chat 8
wodlum lons, within. The suthors belleve thet thin eftect T odue booa chonge
In membrane permeabllity as a result of changes In propeetles of hydinted Chald
in the cell membrane under “he influence of deciwmeter waves.  Olvicurly,

- changes in lon content on either side oif the cell wcmbrare uugt change fts

electrical potentia', The results of these studies are quite compacable to
the experiments of N, R. Chepikova. The Jecrease in potassiun lon content of

the myocardium, which she demanstrated, is apparently related to a chaunge in
membrane potential, which is related to th: change in nbrane permeabllity
¥ and impairment of depolarization processes.

At the present time, some eignificance is attributed to autoimmune reactionus
in pathology of the cardiovascular system (P. N. Yuremev, 1970; I. 3. Golod
et al., 1973, and others).

Experimental investigation of the effect of microwaves on immunological acti-
vity of the organism revealed that microwave energy of thermal intensity, in
the case of total body exposure, depresses production of antibodies to toreign
allergen and, at the same time, has a sensitizing effect, inducing production
. of autoantibodies in the irradiated organis~ (G. I. Vinogradov, I. M.
Karandakova, Ye. M. Makarenko, 1972). Thus, we cannot rule out the possibility
that autoimmune reactions, with fixation under specific conditions of
"ant{gen--antibody' complexes on the vascular walls, which could probably
lead to a change in vascular tonus and other undesirable reactions, also play
some rzle in the complex mechanism of changes in cardiovascular system lunc-
tion uuder the influence of microwaves.
As we conclude this survey of the experimental data, we should dwell specially
on the experiments of A. G. Subbota (1972), who established the deadaptational
and decompensating effects of microwaves on the nervous and cardiovascular
systems, with respect to developing resistance to diverse environmental fac-
tors (noise, high ambient temperature, physical load). In addition, this
author demonstrated that one can develop adaptation in animals of their
cardiovascular system to microwave energy of thermal and nonthermal i{aten-
sities. It is manifested by hemodynamic stability, and it is related to
involvement of the nervous system. The author evaluates progression of
changes in these functions under the influence of microwave energy and appear-
ance of symptoms of functional impairment of an organ or system as a manifesta-
tion of the cumulative effect of microwaves. A. G. Subbota interprets the
signs of adaptation and accumulation, as well as reliability of adaptatiomal
mechanisms referable to microwaves as the main criteria for determination
of radiosensitivty and radiovulnerability referable to microwaves.

To sum up the results of experimental studies, it can be assumed that the

effect of microwaves on the cardiovascular system reflects several pathogenetic
nechanisms:
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1) direct effect of microwave cnergy on the coentral nervous system;
2) changes in the system of peripheral reception with absorption of energy;
3) reflex reactions of the heart and vessels iu response to stimulation
of extersceptors and interoceptors that absorb radiation energy;
4) direct cffect of radiation on the myocardium, vessels and porve
centers of cardiovascular regulation (at the appropriate wave lengths),

All these mechanisms undergo substantial modification, depending on the eco-
logical and species specificity, and the original functional state of the
nervous and cardiovascular systenms.

In view of the similarity of action of primary biophysical mechanisms of micro-
wave radiation on animals and man, let us discuss sowe of the clinical facts.
First of all, it must be noted that, in the opinion of some authors, "cardiac"
symptoms only appear when the changes in the nervous system reach a suffi-
cient degree (V. M. Malyshev, F. A. Kolesnik, 1968), The nature and extent

of functional changes in the necvous system depend on the intensity and
duration of exposure, individual sensitivity of the organism and premorbid
stai-.

Our studies and the data in the literature (N. V. Tyagin, 1962-1968; I. G.
Ramzen-Yevdokimov, V. A. Sorokin, 1970; Klimkova-Deutschova, 1963, and others)
enable us to single out three typical syndromes due to radiowaves: acthenic,
which 1s observed at the early stages of illness; asthenovegetative, with
vascular dysfunction, and hypothalamic. Efforts have been made to single out
an independent nosological form of occupational disease, radiowave sickness,
on the basis of investigation of the distinctions of development and order

of formation of these clinical syndromes,

Studies of the cardiovascular system of individuals exposed to SHF radiation
demonstrated objectively lability of the pulse and changes in arterial pressure
(h ypotension and hypertension). Tables 6 and 7 list data on the incidence of
hypotension and hypertension, and they show that the highest percentage of

- cases of arterial hypotensior. was observed by authors who pursued their studies
in 1948-1961, and the highest percentage of cases of hypertension, by those
who worked in 1966-1973. We cannot rule out the possibility that this could
be related to the general increase in incidence of arterial hypertension in

the last few years, as well as the fact that the average age of workers is

! older.

T.e results of studies of peripheral circulation, according to findings from
: . cipillaroscopy and plethysmography, are quite contradictory and indicate
! both the presence of spams and atonia of capillaries and arterioles (M. T.

=1 Sverdlina, 1968, and others).
I We failed to demonstrate pathology of the circulatory system in a rheographic
| | study of the hands and feet of 59 patients with radiowave sickness.
93
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Table 6. Incidence of arterial hypotension among individuals exposed for
long periods of time to SHF fields {according to the data of
different authors)

Number of Incidence of

Author and year Subjects' occupation  subjects _ hvpotension, A
A. A. Kevork'yan, 1948 Blue-collar worker ! 87 38
Yu. A. Osipov, 1952 " " " 108 22,2
V. A. Shipkova, 1959 Radar specialist 110 About 20
A. A. Orlova, 1960 Blue-collar worker 525 26-33
% N. V. Uspenskaya, 1961 " " " 100 30
R. N. Vol'fovskaya et al.,

1961 " " " 101 27-45
Ye. I. Smurova et al., 1962 " " " 54 53.7
L. T. Frolova, 1963 " " " 172 25.6
F. I. Komarov, I, V. Zakharov,

F. A. Kolesnik, 1963 " " " 53 22,6
Ye. V. Gembitskiy, 1966 Radar specialist 210 14
M. N. Sadchikova, K. V. Blue- and white-

Nikonova, 1971 collar workers 100 7-3

Table 7. Incidence of arterial hypertension under the chronic effect of

SHF fields
. Number of Incidence of
Author and year Subjects' occupation subjects hypotension, %
L. G. Frolova, 1963 Blue-collar worker 172 5.8
A. M. Kapitanenko, 1964 Operator 66 7.6
E. A. Drogichina et al.,
1966 , Blue-collar worker 100 17
G. G. Lysina, M. B.
Rappoport, 1969 " " " .85 15
N. Ya. D'yachenko, 197C Operator 62 29
M. N. Sadchikova, K. V.
Nikonova, 1971 Blue-collar worker 215 14-23
v. I. Muratov, A. P.
) Turayeva, 1972 Operator 25 28
* V. P, Medvedev, 1973 Mental labor o222 12.6

A study of central hemodynamics of healthy young people with short work tenure,
as well as individuals with neurocirculatory dystonia of the hypotensive

type, conducted by many authors, revealed increased blood minute volume

and decreased peripheral resistance. In individuals with lengthy tenure,
which of course means that they are older, as well as in those with neuro-
circulatory dystonia of the hypertensive type, the opposite findings were

made for these parameters. Many have reported increased tonus of arteries

of the muscular type. %
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Authors who studied circulation belleve that changes in patawcters thereof
develop primarily as a result of fopaivaent ol str v ture and function of
systems involved in maintaining homeostasis, namely the central nervous
system, endocrlne and neurohuwmoral systems.

. Various authors studied exchange of gases in tissues and blood, as well as
electrolyte balance of individuals subject to exposure to microwaves in order
to investigate the pathogenetic mechanisms of hemodynamic disorders (L. V.

. Pavlova, E. A. Drogichina, M. N. Sadchikova, 1. A. Gel'fon, 1968; G. G.
Lysina, 1972). According to their findiugs, there is some decrease in oxygena-
tion of blood and greater tissular capacity to absorb oxygen in individuals
exposed to microwave radiation. The change in electrolyte balance consists
of a drop in blood serum potassium and chlorides and elevation of sodium and
chlorides in erythrocytes,

According to our data, hypercholesterolemiz was demonstrated in over 50% of

the cases of radiowave sickness. V. P. Medvedev (1973) observed hypercholes-
terolemia and alteration of blood lipid content, the mean indices of which
differed appreciably from the corresponding age-related control, in essentially
healthy individuals engaged’ in mental work related to sources of SHF radia-
tion. This fact, along with the increased number of cases of essential hyper-
tension and cardiac ischemia in the group engaged in mental labor, which
currently or previously had contact with microwaves, led to the conclusion

that contact with microwave radiation may be considered a substantial risk
factor in development of essential hypertension and cardiac ischemia.

The results of observations of over 1500 individuals vhose work involved
exposure to EMF of high (HF) ultrahigh (UHF) and superhigh (SHF) frequencies
enabled us to determine that deviations in function of the nervous and cardio-
vascular systems are observed primarily among workers involved with regula-
ting, adiusting and testing the equipment of radar stations in the final
completion shop of radio industry enterprises. The main clinical syndromes
of carciovascular disorders with exposure to SHF fields developed against

the background of progressive asthenia (neurasthenia), wore often after work-
ing for 5-10 years on jobs involving exposure to SHF EMF (flux density of

up to several mW/cm“). The clinical distinctions of the observed syndromes
congisted of the following: ,

1. Asthenic (neutasthenic) syndrome, with vegetovascular dysfunction of the
hypotensive type. Typically, there are complaiats or headaches (heaviness

of the head), increased fatigability, irritability, sleep disorders and
periodic pain in the region of the heart. N organic patnology of the car-
diovascular system was observed. Half the subjects presented periodic,
moderate hypotension (systollc arteria; pressure 90-95 mm Hg). Diastolic and
pulse pressure were in the normal range. In some cases, arterial hypotension
was associated with s:aus bradycardia (pulse rate up to 59/min). The latter
was observed less often in seated position (142 patients) and more often

in supine position (222 people), which was indicative of lability of the
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pulse when counted in orthostatic position. There was no substaatial
change in general condition on the days that low arterial pressure was
recorded, and only a few people presentcu more complalnts of an asthenlc
nature. Electrocardiography failed to demonstrate patholopy. we should
only mention that, in the presence of bradycardia, there was appearance of
a high, sharp-peaked T wave, mainly in the chest leads and this, in view
of the clinical data, is interpreted as a manifestation ot vegetative dys-
function. As arule, stroke and minute volumes, all forms of arterial pres-
sure and peripheral resistance remained normal. Only a few individuals pre- -
sented a minor drop of mean dynamic arterial pressure and increase in minute

blood volume., Peripheral resistance was lower than it should be, but cor- -
responded to the working, i.e., actual uinute blood volume.

Thus, the increased minute volume in such patients could be considered an

- adequate reaction to decreased peirpheral resistance. Studies of cerebral
circulation by the method of rheoencephalography failed to reveal disturbance:
with regard to pulse filling and tonus of intracranial and extracranial
vessels. Consequently, the hypotensive reactions observed were mild, and they -
had no adverse effect on the condition of the heart and indices of systemic
and local hemodynamics.

- 2. Asthenic (neurasthenic) syndrome with vegetovascular dysfunction of the

hypertensive type proceeded, in some cases, with attacks of a sympatho-

adrenal nature and marked neurasthenic symptoms. The patients were

excitable, emotionally labile, suffered from sleep disorders, diminished -

memory, sporadic headaches associated with nausea. Over one-third of the

patients compalined of vertigo, brief fainting spells, noise in the head

and obscured vision. Hyperhidrosis, bright red, diffuse and persistent

dermographism, cooling and marbling of the integument of the limbs, pal-

pebral and digital tremor, with the hands extended, were observed. In

several cases, several years later, against such a background there was

development of marked vegetovascular dysfunction of the hypertensive type,

with periodic cerebral crises of the sympathoadrenal type. Curing an

attack of severe headache, there was trembling, pallor or reddening of

the face, generalized hyperhidrosis, marked emotional disorders and faint-

ing spells. The patients reported compression pain in the region of the

heart, the sensation of difficult breathing, "shortage of air"; a2s a rule,

there was moderate elevation of arterial pressure, particularly diastolic

(110 to 110 mm Hg) followed by severe weakness and normalization of arterial

pressure. A typical finding was a change in sugar curves (diabetic and

double), impairment of correlation between cxcretion of epinephrine and nor-

epinephrine, especially during an attack. Between the paroxysmal attacks,

administration of epinephrine (0.3 mf 0.1% solution) elicited marked vegeto-

vascular reactions and a marked change in physiological dynamics of cate-

- cholamine excretion. Subfebrile temperature was not uncommon in patients

with vegetovascular dysfunction. The chief complain was pain in the region

of the heart, which was encountered in almost 70% of the cases. In 23%, the

pains were of a compressing nature, with irradiation into the left hand and -

scapula. As a rule, the cardiac pain appeared against a marked neurasthenic

background, with vivid emotional coloration; it was persistent and responded
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poorly to treatment with vasodilasing agents. Some patients reported periodiec
palpitations and arrhythmia in the region of the heart and dyspnea upon
exercising. There was marked lability of the pulse when moving from horizon~
tal to vertical position (tendency toward bradycardia in horizontal posi-
tion in 22% of the cases and in seated position, in 7%; tachycardia in

suphie position in 20% and in seated position, in 36%). Arterial pressure

was unstable, and it was elevated in almost 50% of the patients. Individuals
with normal arterial pressure not infrequently présented a pathological
reaction to a physical load, with elevation of systolic and, particularly,
diastolic pressure. Constriction of retinal arteries was observed. Tachy~-
osclllography revealed a tendency toward elevation of all forms of arterial
pressure and an increase in peripheral resistance. If we consider that the
rate of propagation of the pulse wave in musclar vessels was higher, which
was also associated with an increase in correlations between modulus of
elasticity of vessels of the musclar and elastic type, it may be assumed

that the increas* in resilient properties of vessels of the muscular type

was due to angiospastic reactions.

More often, with elevation of arterial pressure blood ‘minute volume decreased,
and this was evaluated as an adequate reaction to increased peripheral re-
sistance, which was above the proper level (by 20-30%), and in some cases
working level, i.e., corresponding to a given minute volume. Thus, in this
group of subjects, hypertension was spastic in nature.

In gome patients with marked vegetovascular disturbances, we observed an
increase in minute blood.volume combined with elevation of all forus of
arterial pressure and high indices of peripheral resistance. This was indi~ -
cative of marked impairment of mechanisms that regulate the correlation
between peripheral and central hemodynamics, and this was also consistent
with the clinical findings. According to rheoencephalography, there was a
decrease in intensity of pulsed filling, with predominant increase in tonus
of intracranial and extracranial vessels (70%). The changes were functional
in nature, as confirmed by the reaction to nitroglycerin. Some patients
presented some extension of the wargin of the heart to the left, due to
hypertrophy of the left ventricle; heart tones were dull in almost half

the cases, and in some of them there was a systolic murmur. Electrocardio-
graphy revealed a decline, smoothing or inversion of T wave, most often in
the two standard or Jeft chest leads, combined with a shift of the S-T
segment in 327 of the patients with predominantly hypertensive reactions
and especially vegetovascular attacks. These’ changes usually occurred
during an attack; not infrequently, they were cssociated with persistent
pain in the region of the heart. Vasodilating agents often failed to

give relief (including nitroglycerin). In some cases, during tha period of
an attack, ventricular extrasystole was recorded, and one patient had
attacks of paroxismal fibrillation. In most cases, the EKG changes were
transient and rapidly regressed after an attack. Not infrequently, it was
difficult to differentiate between the diagnosis of. coronary insufficiency
and metabolic disturbances, occurring as a result of vegetative dysfunction
with output of catecholamines, in the presence of a persistent pain syndrome
and lack of response to vasodilating agents. Dynamic observation of the
patients acquired special importance to settle this question.
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Let us submit two typical cases:

1. Patient R., began to work at the age of 27 years as a controller
involving contact with microwave sources. There is no hereditary or
prior historyburden. After5 years hedeveloped increased fatigabiiity,
irritability, poor sleep, persistent headaches and pain in the .
region of the heart, which did not respond to vasodilating agents.
No pathological changes were found in the cardiovascular system;
arterial pressure 110/39 mm Hg. After 7 years he began to have
attacks of severe general weakness with vertigo, sensation of
"ghortage of air," perspiration and brief elevation of arterial
pressure (140-150/100 mm Hg). The EKG, taken during an attack,
periodically showed vetricular extrasystole and decline of the T
wave in the left chasc leads (Ty _ ). After the attack, the EKG
reverted to normal relatively raﬁialy. Examination of the eye

_ grounds revealed constriction of retinal arteries.

P

According to the results of mechanocardiography, recorded in a
period free from attacks, when the patient had normal arterial
pressure (120/70 mm Hg), there was a significant increase in
peripheral resistance, 68% higher than it should be, there was a
corresponding 30% decrease in minute blood volume. There was an
increase in rate of propagation of the pulse wave, mainly in vessels !
of the muscular type, with increase in relationship between elasti=- -
city moduli (Ey/Eg 1.76). Thus, a patient, who had worked for a
long time with radiowave sources in the SHF range, subsequently .
developed asthenoneurotic reactions, then attacks of the dience-
phalic type with elevation of arterial pressure and extrasystole.
The clinical findings and results of instrument tests were indica-

- tive of the spastic nature of the hypertensive reactions.

2. Patient K., began to work as a controller at the age of 25 years
and came in contact with microwave sources. There is no hereditary
or prior history burden. After 5 years there was development of
neurasthenic manifestations in the form of headache, increased
fatigability, irritability and poor sleep. Arterial pressure was

in the range of 120/70-130/80 mm Hg. Eight years after he started
on that job, when he was 33 years old, he began to have frequent
cerebral attacks: severe headache, trembling, reddening of the

face, generalized hyperhidrosis, occasional, brief fainting spells;
arterial pressure remained normal. After one of the attacks, marked
changes were found on the EKG: S-Ty _ interval is elevated in an *
arch and changes into a neyitive Ty : wave with biphasic Ty .
After 1.5 h, the EKG indices improve& Ty,_, wave became less
negative) and reverted to normal after 1 month. The patient did
not. work with microwave sources for 1 year. The attacks stopped

and arterial pressure was normal. The patient became calmer,

but pain in the region of the heart persisted and was curbed only
after intake of nitroglycerin.
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Thus, a patient with no burden in his history (no history of head trauma, in-
fections processes, hereditary predisposition for mssential hypertension and
cardiac ischemia, as well as no bad habits) developed marked vepotovascular
dysfunctlon with signs of hypothalamic insufficiency, hypercensive reac-
tions and angina pectoris after working for 13 yeaxrs on a job invelving
exposure to EMF in the SIUF range.

Observations revealed that the hypectensive reactions are gradually added

to vegetative attacks. Such changes, with subsequent development of chronic
coronary insufficiency, were diagnosed in 7% of the cases. In 4 of the
individuals who had worked under adverse conditions for over 10 years, there
was development of myocardial infarction, which was preceded by a long period
of asthenoneurotic reactions and marked vegetovascular dysfunction. In iso-
lated cases, there was dynamic impairment of cerebral circulation. At the
long term, we observed development of essential hypertension (cerebral or
cerebrocardiac form). 1Investigation of the order in which different symptoms
develop, with due consideration of the nature of work, intensity of exposure
and occupational tenure, is of special importance to determination of the
etiological link between the above-mentioned nonspecific cardiovascular
syndromes and effects of microwaves.

In order to define the distinctions of development of cardiovascular dis-
orders, a dynamic study was made of a group of workers in the final shops
for a period of 3-6 years, and in some cases 9-12 years.

Analysis of the data revealed that there were 3 groups, depending on the
arterial pressure at the first examination: the first group of workers

(17 people), with periodically recorded arterial hypotension (systolic
pressure 90-100 mm Hg); second group (17) with normal arterial pressure;
third group (9) with hypertensive reactions (arterial pressure of 145/90 mm
Hg or higher). The mean age and work tenure of individuals in these groups
were about the same (31 to 32 years of age; tenure of 7, 6 and 8 years,
respectively).

Most of the 17 workers with a tendency toward arterial hypotension were in
good health when first examined (asthenic syndrome in 9 cases and mild
vegetovascular dysfunction in 3). Only 4 workers presented mild hyperten-
sive reactions 3-6 and 9-12 years later. No pathology referable to the
heart and vessels was found in any of the first group of patients. The
first examination of the second and .third groups of workers, with normal or
high arterial pressure, revealed that only 5 out of 26 were in good health,
asthenia with vegetovascular dysfunction was diagnnsed in 11. After 3-5
years, 16 of the 26 workers in the second and third groups presented marked
vegetovascular dysfunction with attacks of the diencephalic type, associ-
ated with elevation of systolic and, particularly, diastolic pressure to
105-110 mm Hg. Chronic coronary insufficiency developed in 7 workers and
egsential hypertension, in 3.
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Thus, several years of observations revealed that,. in controllers, reactlous
referable to the cardlovascular system follow changes in the nevvous system,
particularly its higher autonomic branches, while the nature and severity
thereof depend on individual distinctions of the organism: in sowe cases,

only mild asthenic reactions, with sinuy bradycardia and artarial hypotensfon,
without signs of systemic and local hemodynamic disorders, may be ohserved
for a long time; in others (in whom hypotensive teactions were never observed),
there is development of vegetovascular dysiunction of the hypertensive type,
with signs of hypothalamic insufficlency and angiospastic reactions, which
lead to impairment of cerebral and coronary circulation in a number of cascs.
P. M. Medvedev (1968), G. G. Lysina, M. B..Rappoport (1968) and others have
also observed analogous changes in individuals working with SHF field
sources,

The presence of hypotensive reactions with relatively benign course and
hypertensive zeactions with unfavorable course raises 4 number of questions,
with vespect to the role of the original state of pressor and depressor
mechanisms in formation of adaptational and pathological reactions of the
cardiovascular ysstem to SHF fields. Vegetovascular dysfunction with hyper-
tensive reactions is of greatest clinical significance.

In order to form a prognosis, treat and make an expert determination of
disability of such patients, it is quite important to evaluate the pathogenesis
of the hypertensive syndrome, to pinpoint the role of disturbances in central
and peripheral hemodynamics in development thereof. Depending on the dis-
tinctisne of hemodynamic disturbances, two main forms of hypertension are

“identiZied; spastic, due to peripheral angiospasm, and hyperkinetic, which

i due essentially to an increase in minute blood volume. The two forms are
interrelated; the hyperkinetic one not uncommonly precedes the spastic (I. K.
Shkhvatsabaya, 1972; Ye. M. Tareyev, A. V. Sumarokov, 1972; Richard, 1969,

and others). Differential diagnostics of these forms of hypertension is

of much practical significance, main for the choice of rational therapy. The
anglospastic form of hypertension, with considerable increase in peripheral
resistance, was present in virtually all of the patients under our observation.

The measured exercise test is of some value in detecting early vascular
reactions. 1In a mass screening of essentially health individuals with long
work tenure presenting normal arterial pressure at rest, not- infrequently
we observed elevation not only of systolic, but diastolic pressure after

the physical toad (60 hops in 30 s), which is indicative of impaired regula-
tion of vascular tonus with a tendency toward angiospastic reactions. This
conclusion is confirmed in the latest works of T. A. Sorokina (1972) and

R. P. Kalyuzhnaya (1972), who demonstrated that significant activation of the
sympathoadrenal system is observed in individuals %ith hypertension of any
etiology, when submitted to the exercise test. In the patients we screened,
a high output of catecholamines was observed during the attack periods. The
submitted data confirm the nonspecificity of vegetovascular dysfunctior: in
individuals whose work involves exposure to SHF EMF.
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The changes referable to che heart are not specific cither, FPain in the
cardiac region, labLlity of pulse, extrasystole, not ipfrequent decline or
rise of T wave on the resting EKG or after a loaa may be observed in the
Presence of vegetovascular dystonia of any etiology. Experimental and clinical
observations warrant the assumption that the cardiac pain in most such cases
is due primarily to lowering of the threshold of nociceptive sensitivty,

' impairment of central nervous regulation and, during sympathoadrenal attacks,

- to the effect of catecholamines. These factors may induce myocardial dys~

trophy, with impairment of its biocelectrical activity (I. B. Gordon, M, P.
. Stepanov, 1970; s, v, Rutsay, 1972; B, Yu. Dobrin, 1972, and others).

Wi

Coronary insufficiency, with the typical pain syndrome and EKG changes, may =
_ be related to exposure to SHF fields in some cases, with gradually developing
and long-lasting vegetovascular dysfunction. These data are confirmed in
experiments on animals and clinical observations (0. M. Gorbachev, 1965;
- Ye. F. Lobkova, M, Kh. Pluzhnikova, 1966, and others),

The lack of specificity of some symptoms and clinical syndromes of cardio-

vascular pathology, with reference to SHF fields, makes it necessary to

take into consideration the set of all factors characterizing individual dis-
tinctions of the body (heredity, age, constitution, prior illnesses, bad

habits) and worklng conditions (density flux, radiowave range, tenure of

work under specific conditions, as well as other deleterious work-related -
factors, such as wicroclimate, intensity of physical and mental load, etc.)

in order to determine the etiology of the disease.

Recognition of the leading role of SHF fields as a risk factor in development
~of illness, also makes it necessary for there te be a specific order of
development of Symptonms, with functional changes in the nervous system play-
ing the leading role: long~term asthenic background with neurasthenic mani-
festations, marked emotional instability, then vegetovascular dysfunction,
which often proceeds with periodic attacks and signs of hypothalamic insuf-
ficiency. The differential diagnosis must also be made, first of all, with
reference to diencephalic syndromes of infectious and traumatic etiology, as
well as esseatial hypertension. Essential hypertension, like cardiac is~
chemia, may be interpreted in some cases as the outcome of an occupational
disease induced by microwaves. It is imperative to take into consideration
other etiological causes (endocrine dysfunction due to thyrotoxicosis,
menopause, etc.) in determining the role of SHF fields in development of
vegetovascular dysfunction. ' -

. There 1is no specificity or independent diagnostiz significance to cardiac -
changes demonstrable on the EKG, to which prime significance is sometimes
attributed in determining the link between illness and SHF, fields. Such
. symptoms as bradycardia, tachycardia, decline or elevation of T wave, are
usually due to a change in autonomic regulation. The preserce of persistent
rhythm disturbances (blocking of the bundle of His limbs, fibrillation,
persistent extrasystole) and considerable myocardial dystrophy with stasis
rules out, rather than confirms a link between cardiac pathology and the
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effects of SHF fields., Thus, comprehensive analysis of each specific case,
with due consideration of the aggregate of industrial, domestic and clinical
data, 1s required to determine the etiological role of electromagnetlc
waves at radlo frequencies in development of vegetatovascular dysfuncrion,
hypertension and cardiac ischemia. :

Treatment of vegetovascular dysfunction in individuals whose work involves
exposure to SHF fields should be administered with consideration of the etio~
logy of the disease, individual distincticas of the organism and type of
vegetative reactions with development of a given syndrome. 1t is imperative
to remove patients from work involving contact with SHF ficlds for the
duration of treatment (issuing a disabiliiy certificate for 1-2 months).

For patients with the asthenic syndrome, it is sufficient to prescribe
general fortifying therapy and sedatives (bromides, Leonorus, valerian root,
hawthorn, corvalol). Cholinolytics (atropine, amizil) and products with cexu-
bined action (belloid, bellaspon) are recommended when there is prevalence
of vegetovascular disorders. Occasionally, intravenous infusion of glucose
preceded by administration of low doses of insulin elicits a good response.
The therapy includes therapeutic exercise, hydrotherapy and psychotherapy.

In addition to general fortifying therapy, minor tranquiliziers, such as
seduxen, elenium, trioxazine and antihistamines that potentiate their

action (dimedrol, pipolphen, suprastin), as well as vasodilating agents

are indicated for patients with vegetovascular dysfunction of the hypertensive
type, especially if their are attacks of a sympathoadrenal nature. 0f the
wide assortment of modern hypotensive agents, it is preferable to prescribe
?agnesium sulfate, which has a sedative effect, combined with reserpine,

which is a tranquilizer. If necessary, agents that have a direct effect

on the vascular wall (papaverine, no-shpa [6, 7, 3',4'~tetraethoxy-l-benzal-
1,2,3,4-tetrahydroisoquinolone hydrochloride] and others) are prescribed.

In the presence of ischemic heart disease, agents are required that improve
coronary circulation (nitroglycerin, sustac) and metabolic processes in the
myocardium (falicor, intensain and others). ATP and group B vitamins elicit
a good therapeutic response. In view of the high sensitivity of patieats,

‘the choice of drugs requires a strict and individual approach. One should

be particularly cautious in prescribing narcotics. In the presence of
attacks (of the sympathoadrenal type), one can recommended low doses of
aminazin, propazin, and occasionally. pipolphen combined with injectable
vasodilating agents is sufficient.

With proper organization of dispensary supervision and treatment of patients
with the asthenic syndrome and negligible vegetovascular dysfunction, without
hypertensive reactions, they can continue to work.

The results of many years of observations indicate that patients with marked

vegetovascular dysfunction and hypertensive reactions, particularly with
attacks, require rational counseling with regard to employment. One can
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expect recovery or stabilization of a pathological process only with prompt
transfer of such patients to another job, unrelated to,SHF radiation.

The data in the literature and our own investigations enable us to summarize
some of the pathogenetic mechanisms of biological effects of microwaves,

to voice some general comments on clinical diagnostics of radiowave effects
and outline the prospects of research on primary mechanisms, as well as
detection of early preclinical signs of the effects of microwave energy on
the cardiovascular system,

Experimental and clinical studies have shown that the cardiovascular system

presents nonspecific reactions to microwaves; the changes in individuals whose

work involves contact with such radiation are characterized by the syndrome
of neurocirculatory dystonia, This syndrome probably develops as a result

of the effects of microwave energy on peripheral reception and microcircula-
tion, the myocardium, great vessels and interoceptors of internal organs

(in the presence of the appropriate wavelengths), as well as various branches
of the central nervous system related to regulation of cardiac function.

Expression of the reflex mechanism apparently begins with a change in pzo~
perties of excitable cell’'membranes, which leads to an increased influx of
afferent impulsation to specific branches of the central nervous system.
Concurrently, there may also be a change in efferent impulsation, in view of
the selective effect of radiation on radiosensitive structures: cortex,
hypothalamus, reticular formation of the brain stem and limbic structures.
Summation of these mechanisms evidently leads to impairment of normal
neuroregulation in the organism, aggravating metabolic processes, already
altered after the first contact with radiation, in tissues, thus closing

a vicious circle..

The above-described pathogenetic mechanism is clinically manifested by labi-
lity of the pulse and arterial pressure, inadequate reactions of the cardio-
vascular system to physiological loads, as well as dosorders referable to
correlations between central and peripheral hemodynamics.

The severity of cardiovascular disorders depends, as shown by several
authors, on individual distinctions, ecological and species specificity of
the nervous and cardiovascular systems.

Since the syndrome of neurocirculatory dystonia is not specific to the
effects of microwaves and numerous other etioiogical factors play a signi-
ficant role in its development, while the quantitative characteristics of
radiation are unknown, it is difficult to determine the prime factor in
the origin of illness and there areseveral important problems to solve

for demonstration of reliable early signs of the reaction to microwaves

in individuals engaged in different professicns. It is interesting to
investigate the role of pressor and depressor mechanisms in formation of
adaptive and pathological reactions of the cardiovascular system to
electromagnetic fields. The question of the role of microwave radiation
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in- development of essential hypertension and cardiac ischemia, which is
presently debated in the literature, requires further investigation. Re-
liable results on this score can only be obtained 'by cdnducting epidemiologi~
cal studies of large groups of people, using standard criteria for
identifying these states.

COPYRIGHT: Izdatel'stvo "Meditsina", Moskva, 1976
- . ¢
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gg?ggER 6. THE CARDIOVASCULAR SYSTEM AS AFFECTED BY INTENSIVE INDUSTRIAL

[Text] 1In the last few years there has becn considerable interest in the
matter of inadequate effects of noise on the human body and, first of all,
its effect on the nervous and cardiovascular systems. It is known that
noise elicits functional disturbances of the nervous system, which proceed
in the nature of hypersthenic or hypasthenic neurosis combined with other
neurosis-like manifestations, including local vascular disturbances. The
nerve centers can influence the cardiovascular system directly through extra-
cardiac nerves, which play a substantial role in regulation of circulation,
For this reason, the changes that occur in the nervous system under the
influence of a sonic (noise) stimulus can, of course, affect the functional
state of the cardiovascular system.

According to data in the literature, noise car influence general and, in
particular, cardiovascular morbidity. L. N. Vlasov, T. G. Isanina, R. G.
Levina and V. A. Polyanskiy (1959) developed outpatient charts on individuals
living in the vicinity of engine testing stations and residents of a
"quiet" part of the city; essential hypertension and vagcular hypotonia
were observed 1.4 times more often among the former. I. S. Ivatsevich
(1963) found essential hvpertension and heart disease much more often among
workers in the textlle industry exposed to intense noise, than in workers

- in the radio engineering industry and instrument ouilding, where there was
virtually no noise, According to the observatfous of A. T. Rusinova (1973),
essentia] hypertension, coronary cardiosclerosis, angina pectoris and myo-
cardial infarction are encountered relatively often among individuals whose
work involved exposure to intensive noise fcr-a long period of time.

Graff, Bockmuhl and Tietre (1969) discovered that essential hypertension
and other circulatory diseases are encowntered considerzbly more often
among boiler maker; exposed to noise at a level of 95-110 dB, as compared

105

FOR OFFICIAL USE OWLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100010059-5



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100010059-5

K )7

FOR OFFLCIAL USE ONLY

to individuals whose work did not involve exposure to noise. The bighest
incidence of hypertension was observed awcny individuals 25-35 vears of age.
In the authors' opinion, onset of essential hypevtension with cipovuee oo
noise may be attributed to impairment of cerebrovisceral correlation:,

Numerous observations of wourkers in "noisy" shops fudicate that, ln wdditio:
to specific complainty of impaired hearing, they often repoited cardiac pan,
palpitations and intermittent beats (M. Ye. Khaymovich, 1961; B. A,
Krivoglaz, V. C. Boyko, L. A. Zaretgkaya D. P, Kachalay, 1966, and others).
In these individuals, cardiac complaincs do not occur with physical lords,

but at rest and in the presence of nervour and emotional tension.

The data concerning the effects of intense noise on the cardiuvvascular system
are quite contradictory. G. %. Vopilkina (1959), Grandjean (1959) observed

a faster pulse, while T. A. Orlova (1965) and Lehmann (1956) discussed the
reverse. L. Ye. Milkov (1963), who made a study of the pulse rate of indi-
viduals working with exposure to intense wide-band noise, found a tendency
tovard bradycardia before the start of the shift in almost one-third of the
subjects., During the work day, however, their pulse changed both in the
direction of becoming faster and slower.

In our observations of marked lability of the pulse under the influence of
intense noise, we demonstrated temporary changes in rate thereof in the
course of the work day and more constant changes with increase in work
tenure with exposure to noise, and they were in the same direction, in
the direction of slowing.

Therc are rather contradictory data concerning arterial pressure. There
are indications of both the hypotensive and hypertensive effects of noise,
which are usually related to its parameters--intensity and spectral
composition.

A. 1. Vozhzhova, I. A. Sapov (1960), A. A. Andryukin (1961), T. A. Orlova
(1965), Holstein (1958), Steinmann, Taddi, Windmer (1955) and others, who
examined essentially healthy individuals exposed to noise on their jobs,
found their arterial pressure to be elevated. On the basis of a survey
of a large group of workers in different shops at a ballbearing plant,

A. A. Andryukin demonstrated a high incidence of essential hypertension
among individuals exposed to noise, It was established that there was an
increase in hypemeactive individuals with increase in work tenure under
noisy conditions. Different results were obtained by G. I. Vopilkina
(1959), A. A. Arkad'yevskiy (1963), Bugard (1958), Bode (1960) and others.
According to their observations, arterial pressure drops under the influence
of noise.

Of interest are data on arterial pressure in different occupational groups,
with different characteristics of industrial noise, depending on work

tenure under noisy conditions, as well as fluctuations of arterial pressure
in the course of a work shift.
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_ A. M, Volkov and T. L. Sosnova (1963) made a study, under laboratory condi-
tions, of the effects of high-frequency noise or healthy individuals 20-25
years of age, the nature of whose usual work was unrclated to exposure to
noige, After 5 minutes in noisy shops, the subjects presented a consistent
elevation of arterial pressure corrvesponding to the increase in intensity
of nolse. But if the fntensity of noise was not increased, individuals with
signs of increased excitability of the cerebral cortex presented elevation
of systolic pressure to 180 mm lig after exposure for 5-10 min to 90 dB
noise, whereas after repeated subsequent exposure the arterial pressure
dropped critically (by 50-60 mm Hg) to the base level., The authors expound
the hypothesis that intense noise is instrumental in the hypotensive state.

According to the data of I, A, Benyumov (1963), changes in arterial pressure
depend on the functional state of the nervous system, work tenure, intensity
and spectral composition of noise among individuals whose work involves
exposure to noise. The author observes that hypotension is encountered with
short work tenure and hypertens?on, among workers with long tenure.

G, I, Vopilkina (1959), who measured arterial pressure of women employed
in the weaving and spinning industry evevy hour in the course of the work day,
reported a consistent moderate decline for the first 4 h of work. After

- ) a 20-min rest, it rose, but was again low at the end of the shift.

N. N. Krylova (1958) screened women working in two shops at a knitwear
factory, where the noise was of the order of 80 dB, of high frequency in

one shop (2200-4800 Hz) and low frequency in the other (100-150 Hz). The
author observed more marked changes in arterial pressure with exposure to
high~-frequency noise than low-frequency noise of the same volume; moreover,
work tenure with exposure to noise was a factor. More often, changes
appeared in individuals with less than 10 years of tenure. Dynamic measure-
ment of arterial pressure during the shift revealed that a maximum elevation
(by 20-30 mm Hg) £s observed with high-frequency noise after working for 2 h,
By the end of the shift, although pressure did drop it did not exceed the
bage level. With exposure to low-frequency noise, some elevation of
arterial pressure was demonstrable by the end of the first hour of work;
thereafter it slowly rose toward the end of the work day (by 10-15 mm Hg

as compared to the base level). A study of the effects of high-frequency
noise of the same volume on subjects revealed reactions in different direc-
tions: arterial pressure rose in some subjects and dropped somewhat in
others (N. N. Krylova, 1958).

B. A. Krivoglaz, V. G. Boyko, L. A. Zaretskaya and D, P, Kachanay (1966)
observed arterial hypotension combined with signs of myocardial dystrophy
in workers of the doubler and weaving industry. 1. I. Galakhov and A. I.
Kachevskaya (1956), whu studied the cardiovascular system of 400 workers in
, lathe, automatic and cigaret-making shops, where the volume of noise was
in excessive of the permissible norms, demonstrated elevation of arterial
pressure (by 10-20%Z) more often than among workers in other occupations.
- The arterial pressure rose in accordance with increase in work tenure.
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G. T. Chukmasova (1957) studied changes in arterial pressure in workers of
a nail-making shop (the noise level at the work places was in the ranpe

_ of 99-110 dB) and shoe factory (nolse of 90-116 dB) in the course of the
work day. She found that arterial pressure taken before the work shift,

1 taken as the base level, was somewhat above normal values for rhe age of
the subjects and directly related to work tenure., In the course of vorking,
mos: subjects presented a 12-14% drop of arterial pressure by the end of
the shift, as compared to the base level,

A study conducted by V. I. Skok (1963) revealed that arterial pressure may

o rise or drop in the course of the work day among workers in 4 nail-making
shop, where the noise level was in the range of 95-105 dB. Elevation of
arterial pressure was observed more often among older individuals than
younger ones toward the end of the shift.

V. F. Rudenko (1963) screened two groups of diesel engine testers. ‘Uhe noisc
level at ihe work places of both groups was in the range of 110-120 dB and
110-115 dB; there was prevalence of moderate frequencies (320, 400, 500 Hz)
in the noise spectrum of one group and high frequencies (maximum energy in
the band of 2500 Hz or higher) of the other, The systolic arterial

pressure was 1n the hypertensive range (140 mm Hg or higher) in the group
exposed to moderate-frequency noise and 15,6% of those exposed to high-
frequency noise. Dynamic studies of arterial pressure of engine testers

in the course of the work shift (4-6 days) and after work were indicative

of lability within the range of 35-40 nm Hg.

The above author singles out three types of reactions of systolic pressure
by the end of the shift with exposure to noise: hyperdynamic (40 mm Hg
elevation of systolic arterial pressure), hypodynamic (up to 40 mm Hg drop)
and normodynamic (fluctuations in the range of +10 mm Hg).

There are indications in several works of changes in different parameters of
arterial pressure under the influence of noise. A. M. Volkov (1958), V. F.
Rudenko (1959) and others believe that noise induces mainly elevation of
systolic pressure.

Toddi and Windmer (1955) found elevation of diastolic pressure, According
to the data of A. T. Rusinova (1963), L. Ya. Basamygina (1966) and others,
H unstable arterial pressure is observed with exposure to nolse,

The studies we conducted revealed that lability of arterial pressure is
demonstrable quite soon after regular exposure to intense noise. Along with
hypertensive reactions, vasculat hypotonia may also be observed in individuals
with relatively short tenure of work involving exposure to noise. Tachy=-
oscillography made it possible to demonstrate that not only systolic and
diastolic pressure, but mean dynamic pressure, which is the most constant
parameter, changes under the influence of intense noise. Dynamic observa-
tions are also indicative of unstable arterial pressure on different days

and in the course of a shift, in the same individuals. However, it can be
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noted that systolic pressure more often rises while diastolic drops toward
the end of the work shift. Evidently, the contindictory opinions concerning
the hypotensive and hypertensive effects of noise can be attributed, to some
extent, to instability of arterial pressure,

Since arterial pressure level depends largely on tonus of the vascular walls,
peripheral circulation and function of the heart proper, it is of definite
interest to study these hemodynamic parameters in individuals exposed to
intense noise on their jobs. There is mention in the literature of changes
in vascular tonus under the influence of noise; however, the authors did not
pursue special studies to determine vascular tonus and included arterial
pressure in this concept. By determining the pulse wave propagation velocity
and modulus of elasticity of vascular walls, we established that there is
increase in tonus of arterial vessels of the muscular type and, to a

lesser extent, of the elastic type under the influence of intensive wide=-
band noise.

Some researchers measured arteriai pressure, not only in brachial vessels

but other regions: temporal artery and central retinal artery. L. Ye. Milkov
(1963) failed to demonstrate substantial changes in pressure of the temporal
artery or temporobrachial coefficient in individuals exposed to intensive
noise (103 dB). At the same time, I. A. Benyumov (1963) found a change

in temporobrachial coefficient in 33.4% of the workers in the doubler and
weaving industry, exposed to high-frequency noise of 94-101 dB: it was

low in 10.3% of the cases and high in 23.1%. There was prevalence of

change in the temporobrachial coefficient among individuals with functional
disturbances of the nervous system. According to the data of E. N,
L'vovskaya (1964), elevation of diastolic pressure in the central retinal
artery is often observed with noise of 85-122 dB. The results of capillaro~-
scopy, tissular blood flow, plethysmography.and peripheral resistance studies
are indicative of changes in peripheral circulation under the influence of
noise,

Data are submitted in the work of B, M. Shamardin (1974) that indicate im~
paired vascular tonus in the microcirculatory system. This author detected
spastic and spastic-atonic states of fine vessels in different parts of the
body (hands, legs, conjunctiva) among workers exposed to noise. L. Ye.
Milkov often demonstrated capillary spasm of the nail bed and slow circula-
tion in the hands of workers exposed to noise. N. N. Krylova (1958)

found a direct correlation between the angiospastic reaction and noise
volume under the influence of high-frequency noise at the level of 50-115 dB,
on the basis of plethysmography, and this was confirmed in the studies of
Oppliger and Grandjean (1959). According to the data of Rossi, Oppliger and
Grandjean (1959), intermittent uoise of the same level elicits even more
marked vasoconstrictive effects.

- Straneo and Seghizz (1962) investigated the reactions of workers whose occu-
pation involved exposu:: to noise by the method of digital plethysmography
in response to a pure tome of 3000 Hz and noise on the level of 87 dB.
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According to their observatlons, a pure tone did not elicit changes in
blood-filling volume, whereas it diminisiied with exposure to nolse.

The works of Lehmann, Tamm (1956) and Lehmann (1962), who studied peripheral
vascular resistance, merit attention, A change in vascular tonus, parti-
cularly in the capillary system, increased resistance of arterial fluw

and decreased systolic volume were noted in individuals exposed to high-

and low~frequency noise, In another experiment, Lehmann (1962) observed
constriction uf precapillaries of the skin throughout the period of exposurec
to medium-frequency noise in 90-95% of the cases. With increase in peri-
pheral resistance there was a corresponding decrease in volume of the

heart beat. On the basis of these findings, the author believes that the
demonstrated changes are not only a reaction of the precapiliary region of
the vascular system, but chiefly the result of increased resistance in

most vessels of the entire circulatory system.

In order to determine the state of peripheral circulation in individuals
regularly exposed to intense noise on their jobs, we measured specific peri-
pheral resistance,* which gives an idea about the patency of the precapillary
system and constitutes the overall resistance in the system of peripheral
resistance as a function of body surface area. The obtained data indicate
that the resistance in the system of peripheral vessels was more often
increased, and in some individuals it was significantly higher than the
proper level.

A comparison of actual specific peripheral resistance to working specific
resistance, which is inherent in increased function of the circulatory
syscem, revealed that in most subjects the actual specific peripheral
resistance was also above the working resistance, i.e., the patency of
their precapillaries is less than the corresponding level of minute volume
of circulation.

There are works indicative of the possibility of development of coronary
and cerebral circulatory disturbances under the influence of noise. In
his studies, Koeppen (1955) attributed much importance to regular exposure
to noise which, in his opinion, by inducing functional cardiovascular
disturbances leads to development of coronary spasms. G. N. Aronova and
T. A. Mayeva (1958), who studied coronary circulation in animals exposed
to an intensive sonic (noise)stimulus, observed decreased circulation in
vegsels of the heart due to constriction of their lumen.

In the opinion of V. Ye. Lyubomudrova, B. N. Onopko and L. Ya. Basamygina
(1968), in some cases noise can elicit coronary insufficiency with signs
of anginal pectoris, as well as myocardial infarction,

*Actual, proper and working specific peripheral resistance was measured
and calculated by a method proposed by N. N. Savitskiy (1963).

110

- FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100010059-5



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100010059-5

FOR OFFICIAL USE ONLY

Vascular disturbances in the central nervous system in response to sonic
stimull are also reported by L. V. Krushinskiy, L. N. Molodkina, L. P.
Pushkarskaya (1953) and G. L. Tokhadze (1956), who arrived at the conclusion,
on the basis of experimental data on animals, that the immediate cause of
their death following sonic trauma is impairment of cerebral circulation
asgoclated with effusion of blood in the brain and signs of neuronal hypoxia.
This is usually preceded by a severe comatose state in the animals, with
marked attenuation of reflexes, decreased muscle tone, impaired cardiac
function and change in arterial pressure.

The studies of local circulation,conducted by I. B. Yevdokimova (1970) in
individuals regularly exposed to varying intensities of noilse on their
Jobs, are interesting. Using the rheographic method, she demonstrated
changes in tonic tension and intensity of delivery of blood to vessels of
the arm and brain, Changes in cerebral vessels were noted more often than
in vessels of the extremities. At the same time, some distinctions wzre
found in these changes as a function of intensity of noise. A noise of 85 dB
induced mainly an increase in tonic pressure of vessels, with decline in
blood supply to vessels of the limbs and increase to those of the brain.
Tonic pressure and filling of extremital vessels increase, while the same
parameters of cerebral vessels decrease under the influence of noise at
105-108 dB.

As for cardiac activity and condition of the myocardium with exposure to
noise, the chief methods of studying them were determination of heart rate
at rest, with a physical load, during orthostatic and clinostatic tests,
oculocardiac reflex, determination of minute blood volume, electrocardio-
graphy, phonocardiography and ballistocardiography.

A. I. Vozhzhova and I. A. Sapov, who tested Aschner's oculocardiac reflex
and the orthostatic reflex, demonstrated attenuation of parasympathetic
influence on the heart and enhancement of the effects of sympathetic inner-
vation. L. Ye. Milkov discovered a tendency toward attenuation of the
oculocardiac reflex in different groups of workers exposed to noise at
levels of 95, 103 and 120 dB; the decline of reactivity progressed with
increase in intensity of noise. Testing of the ortho~clinostatic reflex
failed to reveal substantial changes. There was some tendency toward a
stronger vascular reaction in the course of the work day.

According to EKG data, changes indicative of functional impairment of the
myocardium, mainly referable to rhythm and conduction, are sometimes ob-
served under the influence of noise. Ye. Ts. Andreyeva-Galanina et al.
(1968) demonstrated bradycardia, sinus arrhytlimia, impaired electric con-
duction of the heart, reduced voltage, especially of the T wave, among
those employed in the "noisy" professions.

The EKG studies conducted by A. A, Arkad'yevskiy (1961) and others on
individuals exposed to noise on their jobs were indicative of changes in
magnitude and shape of the T wave, longer diastole and decline of systolic
index. According to the data of L. Ya. Basamygina (1966), slowing of
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atrioventricular conduction and arrhythmia are observed more often with
exposure to noise. M. L. Khaymovich and N, M., Esaiashvili (1968) reported
rhythm and conduction distnrbances.

The EKG changes under the influence of noise are corroborated by experimental
data. A. V. Kadyskin (1966), who tested the effect of stable noise on
experimental animals (rabbits), demonstrated an increase in P-Q interval,
diminished electrical systole and reduction of systolic index. A. B.
Strakhov (1963) observed impairment of heart rhythm and elevation of systolic
index in experimental animals after prolonged exposure to high-frequency
stable noise.

A survey of workers exposed to intensive wide-band noise often revealed
changes on the EKG, in the f-rm of sinus bradycardia and bradyarrhythmia,

a tendency toward slower atrioventricular and intraventricular conduction.
Since conduction is very rapidly restored after physical functional tests
(running in one spot), it must be assumed that these disturbances are
functional. Studies conducted in the course of a work day revealed a ten-
dency toward slower rhythm toward the end of the shift and, in some cases,
decline of T wave appearing concurrently with worsening of ballistocardio-
graphic indices. According to the results of phase analysis of mechanical
systole of ventricles, contractile function of the myocardium was not im-
paired in most subjects. The demonstrated changes are indicative of impair-
ment of neuroreflex regulation. Their incidence increased with increase in
work tenure involving exposure to noise and increase in its intensity.

= On t*- basis of the submitted data, it can be concluded that the changes
referable to the cardiovascular system due to exposure to intensive noise
are indicative of development of the syndrome of neurocirculatory dysfunc~ -
‘ tion, in the symptomatology of which there is prominence of generalized
i vascular disturbances with hypertensive reactions and a tendency toward
’ turning to essential hypertension.

Questions pertaining to the distinctions of the effects of noise on the
cardiovascular system, when combined with other factors of the industrial
environment, merit attention. Ye. Ts. Andreyeva-Galanina, S. V. Alekseyev,
G. A. Suvorov and A. V. Kadyskin (1972) indicate that the diversity of
clinicai manifestations with exposure to noise is attributable to the
intensity of the noise, its spectral composition, concomitant deleterious
environmental factors, as well as reactivity of the organism., According to
the existing observations, intensive noise with prevalence of high fre-
quency in its spectrum has the most deleterious effect on the body, in par-
ticular the cardiovascular system. We have indicated above some of the dif-
ferences in effects of noise on the cardiovascular system as a function of
its intensity. Tansen (1964) and others believe that the severity of
functional changes in the cardiovascular system is directly related to the
width of the noise spectrum. In the opinion of authors, a pure tone does
not induce clearcut changes, while wide~band noise elicits statistically
reliable ones. In recent times, much attention is being devoted to the
study of pulsed noise. Our observations and the data of other authors
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(Ye. Ts. Andreyeva-Gulanina, 1968, and others) indicate that pulsed noise
and noise associated with nervous and emotional tension have a more
deleterlous cffect on the body than stable noise auud noise that is not
assoclated with nervous and emotional tension,

We still do not haveclearcut data on the correlation between changes referable
to the acoustic analyzer and the cardiovascular system, On the basis of

a dynamic study of workers exposed to noise of 90-110 dB, Ye. Ts. Andreyeva-
Galanina and V. G. Artamonova (1968) observe that appearance of vascular
disturbances is not necessarily associated sith a change in functional state
of the auditory analyzer. Observations show that hemodynamic changes, in
particular, in arterial pressure, under the influence of noise may precede
development of persistant disturbances of the auditory analyzer, i.e., they
appear prior to demonstration oi clinical signs of cochlear neuritis. All
this indicates that the changes in the cardiovascular system may also be one
of the early syndromes of exposure to noise. As already indicated at the
beginning of this section, some researchers believe that noise affects the
incidence of cardiovascular diseases, particularly essential hypertension and
myocardial infarction. We cannot totally rule out the role of the noise
factor in development of some cardiovascular diseases--essential hypertension,
myocardial infarction and angina pectoris. However, continued observations
and studies are required to answer this question definitively.

These data indicate that intensive noise is one of the deleterious industrial
factors that induce a number of functional disorders referable to the cardio-
vascular system of the order of neurocirculatory dysfunction. There is

reason to believe that, under specific conditions, neurocirculatory dys-
function may be considered one of the syndromes inherent in the effects of
noise,

With exposure to noise, hemodynamic disturbances not infrequently precede
development of persistant changes in the acoustic analyzer. Cardiovascular
disorders under the influence of noise are based on disturbances of neuro-
reflex regulation of the circulatory system. Evidently, the functional
disorders referable to hemodynamic regulation that arise initially under

the influence of noise can, in time, lead to more persistent changes in
vascular tonus. This is most likely the explanation for the high incidence
of hypertensive states among individuals whose jobs involve exposure to )
intensive noise, especlally when it is associated with nervous and emotional
tension.

Differential diagnostics of neurocirculatory dysfunction due to noise often
present great difficulties, especially in the abscnce of signs of occupational
cochlear neuritis. For this reason, when establishing the diagnosis, one
must rule out other etinlogical factors that are instrumental in onset of
neurocirculatory dysfunction (psychological and emotional factors, organic
disease of the nervous and cardiovascular systems, etc.). Moreover, in each
individual case, one must take into consideration the entire diversity of
factors involved in working conditions, work tenure with exposure to noise,
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health status before starting to work, time of development: of ncurocireula~
tory dysfunctlon, presence and nature of changes referable to the nervous
system and hearlng.

Since neurocirculatory dysfunction assoclated with exposure to noise is due
primarily to functional impairment of higher nervous activity and autonomic
centers, the therapeutic measures {n such cases should be directed toward
regulating the nervous system and normalizing reflex reactions of the cardio-
vascular system, The following can be recommended in the set of therapeutic
measures: general fortifying agents, sedatives and vitamins, Beneficlal
results are observed with the use of bromide and caffeine. Spasmolytic
agents and ganglion-blocking agents are indicated for marked angiospasms.
Gradual conditioning of the heart and vessels is very important, aud this

can be achieved by therapeutic exercise, which aids in regulating and coordi-
nating all elements of the circulatory system, and also expands its reserve
capabilities.

Fitness for work is usually unimpaired at the mild stages of neurocirculatory
dysfunction. Proper adherence to a work shcedule and reasonable activity

at leisure is the main recommendation in such cases for the restoration of
impaired functions.

At the more marked stages, particularly when there are constant, disturbing
subjective sensations, severe {nstability of pulse and arterial pressure,
anglospastic signs, the question can be raised of transferring the subject
to a job that does not involve exposure to intense noise. In finding

' jobs for such individuals, it must be borne in mind that, in addition to
noise, tense work related to emotional ‘factors is also contraindicated.

When settling expert questions of fitness and job placement, in addition
to the condition of the cardiovascular system, one must definitely bear

in mind the presence and severity of changes referable to other organs,

in particular, the nervous system and ear.
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gxégggg 8. REACTIONS OF THE CARDIOVASCULAR SYSTEM TO ACUTE OCCUPATIONAL

[(Text] There are only a few reports in the literature concerning acute
injury to the cardiovascular system by physical factors (ionizing radiation,
electric trauma, superhigh-frequency waves) and chemicals (carbon monoxide,
chlorine, cyanides and others),

The old opinion of Whit (1921), subsequently confirmed by Koelsch (1959),
to the effect that there are no factors in indudtry that induce cardiovas-
cular diseases is presently being questioned. If we agree that a

cardiac poison refers to a substance, under the influence of which death
occurs as a result of cardiac, rather than respiratory, arrest, several
alkaloids can be classified as such substances: strophanthus, nicotine,
colchicine, quinine, aconitine, fluorides, barium salts, snake venom,

toad skin venom and others,

Regardless of whether the agent that induces poisoning is a selective poison
for the nervous, hemopoietic system or parenchymatous organs, there are
always disturbances in activity of the cardiovascular system. Moreover,
changes referable to the cardiovascular system become the principal ones

at a certain stage of many forms of occupational poisoning, and they
determine the clinical course, outcome and prognosis.

As can be seen from the classification of factors and syndromes (Table 15),
hypoxic states play a substantial role in cardiovascular disturbances.

Thus, hypoxemic hypoxia, due to inadequate oxidation of blood in the lungs,
is wbserved in cases of chlorine, phosgene and nitric oxide poisoning (acute
puimonary edema, acute cor pulmonale). Anemic hypoxia occupies an important
place; it develops as a result of carbon monoxide poisoning (formation of
carboxyhemoglobin), poisoning due to amidobenzene and nitrobenzene compounds,
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phenylhydrazine (production of methemoglobin), hydrogen arsenide (hemoiysis
of erythrocytes), etc, Some agents (cyaniues, hydrogen sulfide, iusecti-
cides and fungicides) induce tissular hypoxia (histotoxle hypoxia) an a
result of primary impairment of cellular respiration (respiratory enzyme
block). The cardiac changes are not inflammatory in nature, they are
reversible in most cases aud referred to in the Sovlet lltegature Ly the
term "myocardial dystrophy," which was proposed by G. F. Lang (1936). This
term is specific, it has an etiological, pathogenetic and clinical basis,
and in our observations it better defines the essence cL processes occurring
in the heart than the collective and vague term "myocardiopathy.”

Industrial factors have both a direct and indirect effect ¢n the cardiovascular
system. Various industrial factors often induce the same daviations and, on
- the contrary, there may be dlfferent cardiovascular disturbances uader the
effect of the same factor., Systemic reactions of the allergic cype. often
in the nature of an autonomic "storm" (spelter's fever), often occus under
the influence of some metals (copper, zinc, magnesium and others) in vapor
(aerosol) form and certain other substances (tellurium, beryllium). Some
substances (antibiotics, vitamins, ursol [p~phenylenediamine], methylchloride
and others), which have allergenic action, occasionally induce marked reac-
tions of the antigen-antibody type, and they often lead to involvement of
the cardiovascular system., Agents with systemic toxic action affect the
cardiovascular system in a more complex way: directly on tissue and organ
cells, as well as via the central, autonomic nervous and endocrine systems.
Local exposure to large doses of radiation induces local tissue lesions.
High-tension electricity, SHF, UHF and electromagnetic fields of other
rangc. have mainly an indirect effect on the cardiovascular system. High
ambient temperature, low and high atmospheric pressure have the same effect.
A low oxygen content in inhaled air elicits cerebral hypoxia. Gas embolisms
in vessels of various organs, which appear with a change from high to
normal or low atmospheric pressure, may lead to serious complications.

With expsoure to various etiological factors, one must also bear in mind
primary nonspecific neurohumoral effects (stress) and their important psycho-
emotional component, inducing early general reactions in the nervous system.

At the present time, the significance of hormonal changes to pathogenesis of
cardiovascular disturbances has been proven. Considerable access of catecho-
lamines in blood (epinephrine, norepinephrine) increases oxygen requirement
of the myocardium and, when there are limited opportunities for delivery
thereof (in the presence of lesion to cardiac vessels), this could lead to
anoxia, myocardial dystrophy and necrobiosis. Impairment of electrolyte
balance also plays a certain role (V. Raab, 1959; H. Sel'ye, 1960).

Changes in the Cardiovascular System Under the Effect of Some Metals and
Aerosols Thereof

Copper, zinc, cobalt, magnesium oxide and tellurium are virtually
nontoxic in solid or powder form. In melted and vapor state, they can
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induce so-called spelter's fever (nonspecific allergic syndrome) asgsociated
with tachycardia, elevation of arterial pressure, chills (body temperature
up to 38-39°), headache, aching of extremities and myocardial dystrophy
(decline or inversion of T wave on the EKG).

The pathogenesis of this fever is attributable to destruction of cells of
the alveolar endothelium and absorption of products of thelr decomposition,
as a result of the active effects of metal aerosols.

As an example, let us describe the cardiovascular changes in the presence of
"spelter's fever" induced by inhalation of tellurium fumes:

Patient V., 21 years old, observed development of cough after
working for a few minutes with melted tellurium,* which became
worse toward the end of the work day; there were vertigo,
general weakness and tremor of the extremities. When admitted
to the clinic she complained of severe weakness, pressure
under the sternum, cough and headache., Vertigo and repeated
vomiting of food occurred when body position was changed.
Objective findings: hyperemic face, cyanosis of lipids, naso-
pharyngeal mucosa and tongue are dark green. Strong putrid
odor in the mouth., Respirations 32/min. Body temperature
38,2°C. Scattered dry rales ausculted over pulmonary fields,
Pulse 120/min, rhythmic, Arterial pressure 130/90 mm Hg. No
change in heart boundaries. Marked vegetovascular reaction:
tachycardia, marked perspiration and diffuse dermographism.

The following morning the patient felt considerably better.
Pulse 74/min, rhythmic. Respiration 24/min. Arterial pressure
110/80. Heart sounds somewhat dull. No more rales in lungs.
The EKG (Figure 6) shows sinus rhythm, 80/min. P-Q 0.17 s}

QRS 0.08 s, Q-T 0.40 s (normal 0.37 s). Horizontal electric
axis, S-Ti.2.3 slightly elevated, T11-y, Wave almost isoelectric,
TVi_.2.3 negative, Tyy1-V, biphasic. EKG changes were indicative
of significant diffuse changes in bioelectric activity of myo-
cardium. Her condition imporved significantly in the next few
days; no complaints. Isolated dry rales heard in lungs.

Pulse 70-80/min, rhythmic; arterial pressure 110/60 mm Hg.
Heart normal in size, but EKG remains changed. Complete nor-
malization of EKG was observed only after 5 months.

Thus, tellurium fume poisoning was acute in this patient, of
the order of the nonspecific allergic syndrome associated with
chills, fever, rales in lungs, headache, general severe weak-
ness, marked vegetovascular reaction and changes in myocardial
bioelectric processes. The clinical and EKG findings enable us
to attribute myocardial dystrophy to metabolic disturbances in
the body and myocardium.
*When tellurfum compounds reach cells, they block several enzymatic systems:
muscular oxidases, dehydrogenases and others (N. V. Lazarev, 1971).
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Polsonlng Due to Some Chewdecals
) Wiih General Toxic Action
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Agents With Anoxemic Actiun

Hydrogen sulfide: Ta the cane
of acute polnoni , the nerzou. and
cardlovascular systems are chlefly
stricken. There is inhiblition of
intracellular tissular tespiratioa
({mpairment of redox processes and
their catalyats), For this reason
the cell is incapable of utilizing
blood oxygen. There is onset of
hypoxia of tissues, organs and, what
is particularly important, hrain
centers, Occasionally, death may
occur immedintely when there is a
high concentration of hydrogen sul-
fide ("instantaneous form") as a
result of cardiac paralysis; more
often, death occurs due to develop-
ment of asphyxia and comatose state.
Patients complain of headache, pain
in the reglon of the heart of a
compressing type, sensation of
intermitten pulse and general weak-
ness., Clinically there are lability
Figure 6. of pulse, tachycardia, mild elevation
EKG of patient V.; explained in text of arterial pressure followed by a
decline, widening of heart borders
and dull sounds. Not infrequently,
there is development of toxic pulmonary edema associated with very marked
dyspnea, cyanosis, moist rales in the lungs. On the EKG there is a decline
of P and T waves, elongation of electrical systole of the ventricles, signs
of myocardial hypoxia, "coronary" changes or focal lesions to the myocardium
(z. P, Kaluzhnikova, 1949; Schram, 1957, and others).
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We submit a case history on a patient with acute hydrogen sulfide poisoning
and "apoplectic" form of heart lesion:

pPatient 0., 24 years old, a laboratory technician, was ad-
mitted to the rayon hospital on 21 December in serious condi-
tion due to acute hydrogen sulfide poisoning associated with
comatose state and toxic edema of the lungs. She was un=-
conscious for 10 h; there was cyanosis of the lips, pallor of
the integument, gurgling respiration, tachycardia, dull heart
sounds. Arterial pressure not demonstrable. Diffuse dry and
moist rales in the lungs. Repeated vomiting of bile. After
appropriate therapy the condition improved and arterial pressure

120

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100010059-5



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100010059-5

FOR OFFICTAL USE ONLY

rose to 90/30 mm Hg., There was attenuvation of tachycardia
and signs of pulmonary edema.

From the very firat days of hospitalization, the patient was
troubled with squeezing pain in the heart, On the 40th day
of illness (31 January) she was transferred to the institute
clinic {n satisfactory condition., She complained of dyspnea
during physical exercise, periodic boring pain in the cardiac
reglon (irradiating to the left scapula), moderate cough with
production of sputum, headache, pain in the lumbar region,
lower and upper exttremities, marked weakness, The integument
18 pale pink, labial mucosa is slightly cyanotic and sclera
are gubicteric, Pulmonary sound in the lungs, vesicular,
somewhat weak respiration. Pulse 70/min, rhythmic, good
filling, Left margin of the heart shifted 1 ¢m laterally
from the mediastinal-clavicular line. Heart sounds ave
somewhat dull, Systolic murmur at the apex and point V,
Accented second tone in pulmonary artery, Arterial pressure
120/75 um Hg. Venous pressure 40 mm water. blood flow rate
(lobeline test) 19 s. EKG (Figure 7) taken on Sth day of
illness (a): correct sinus rhythm, 63/min; P~Q 0.15 s; QRS
complex 0.08 s; Q-T 0.48 (normal 0.38 8), Electrical ventri-
cular systole 0.1 s longer; P (== ACCeNtuated; Rp<Rppps
Ryu>Syus S=TI-11 vy elightYy é1&vated 1n the form of a
convex arch and changes into negative, "coronary" type of

T wave. Thus, the EKG was indicative of severe myocardial
hypoxia and diffuse (dystrophic) changes mainly in the

reglon of the apex and lateral part of the left ventricle.
Phonocardiogram showed gross systolic murmur throughout the
systole.

Unquestionably, the myocardial lesion was due to severe hypoxia,
vhich apparently developed as a result of oxidative enzyme block
(production of FeS complex). This cardiac lesion should be
clasgified, according to G, F, Lang, in the category of toxic
myocardial dystrophies,

Blood test (2 February): hemoglobin 126 g/f (12.6 %), erythro-
cytes 3,8°10%/ul (3,800,000), leukocytes 5.3¢10%/uL (5300),
lymphocytes 31%, monocytes 3%, eosinophils 5%, stab 6%, seg-
mented 55%. Blood prothrombin 100%, total serum protein

77.8 g/4, thrombocytes 24,7<10*/uf (247,000), ESR [erythrocyte
sedimentation rate] 3 mm/h (7.78 g%) (fractions unchanged).
Urinalysis showed no deviations from normal. Thyroid function
('L test) normal. Roentgenoscopy of the chest: heart in
usual pogsition, waistline flattened due to elongation of arch
of pulmouary artery conus, left ventricle somewhat enlarged.
Deep pulsation, rhythmic, adequate in force. Normal myocardial
tonus., No change in aorta.
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after 6 years
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Figure 7, EKG of patient 0. Explanation given in the text.

By the end of a month, there was some attenuation of general
weakness and cardiac pain. Subfebrile temperature, dyspnea

and tachycardia disappeared. The patient complained of

general weakness, fatigability, headache, pain in the 1imbs

and some cough. Dyspnea and palpitations appeared with

mild physical exercise. Heart sounds became clear. EKG

on 20 January (b) still showed signs of myocardial changes
(negative Ty-11, v... wave). In the 2d month after poisoning,
pain disappearea fioh the cardiac region, there was less dyspnea

during exercise and fewer changes on the EKG.

The EKG became

normal after 2 months (c, d); the patient
fortifying therapy, cardiovascular agents
wag discharged froa the clézl~ = ? Maweh

received general
and sedatives; she
(3.5 months after

the soisoning) in satisfactory condition. There were no
visible deviations in her health status. In the last examina-
tion on 11 February, EKG data (e) were normal.

Carbon monoxide: Clinical signs of such poisoning are characterized by
impaired function of the cardiovascular and nervous systems due to hypoxemia,
which resulted from production of carboxyhemoglobin. According to clinical
and electrocardiographic dynamic observations, as well as data in the litera-
ture (I. Ya. Sosnovik, 1955; M. A. Kovnatskiy, 1961, and others), changes

are often encountered in the cardiovascular system in the presence of acute
carbon monoxide poisoning. At the early stage of acute and severe poisoning,
the patients present general weakness, cardiac pain and tachycardia, widening
of margins and dullness of heart sounds, occasionally rhythm disturbances

and elevation of arterial pressure, When there is progression of functional
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disorders of the heart and respiration, death may occur due to resplratory
arrest, As shown by the EKG findings, thure arc often signs of diffuse,
less often focal, myocardial lesion (5. 2. Kostyukova, 1941; S. 1. Ashbel'

- et al., 1962, and others). 1In cases of mild and moderate poisoning, the
EKG changes are translent and unstable in most cases; however, they may
reappear during functional tests (physical load, orthostatic test, etc.).
It should be stressed that there is no direct correlation between severity
of poisoning and EKG changes, MHeart lesions do not necessarily appear
immediately, but within a few days and weeks (2-3 weecks), and they may
vary in severity, ranging from mild diffuse changes to coronary-like and
focal lesions,

Patient M., 38 years old, a plumber, was delivered to the
clinic in an unconscious state. He lost consciusness in

a well while repairing water pipes, When admitted, there was
severe rigidity of muscles of the upper and lower extremities,
dilation of pupils, no reaction to light, bilateral Babinskiy
symptom; visible mucosa and integument are pink, respiration
rate 28/min; left margin of the heart is 1 cm lateral from

the mediastinoclavicular line, heart sounds are sonorous.
Pulse 100/min, arterial pressure 120/65 mm Hg. EKG (Figure 8):
tachycardia (100 contractions/min); R-R 0.60 s, P-Q 0.16 s,
QRS 0.10 s, Q=T 0.32 (normal 0,28). P11 moderately accentuated,
R1>Ry11s Ry,>Sy., S-Ti. and especially S-T are
léw.11%1-1¥3is iow, 3 1, vi-2 18 low and biphggiafs’%he
EKG data were indicativad?df’t)ééirdial infarction, mainly of
the left ventricle. Blood test: hemoglobin 150 g/%, leuko-
cytes 4,6°10°/uf, eosinophils 2%, basophils 0.5%, stab 1%,
segmented 63%, lymphocytes 27%, monocytes 6.5%, ESR 18 mm/h,
Oxygen in arterial blood 662, coefficient of tissular oxygen
uptake 0,16, CO; tension in arterial blood 34 mm Hg, lactic
acid content 48,3 mgX. The patient regained consciousness
after 14 h., His condition improved rapidly on the following
days. He was discharged after 7 days in satisfactory condition.
The EKG and blood findings were back to normal,

Thus, in a patient with acute and severe carbon monoxide poisoning, we ob-
served involvement of the central nervous system and diffuse hypoxia (dys-
trophy) of the myocardium of a moderate grade, which were eliminated within
a few days. Recovery may take several months and, in some cases, lead to
chronic heart disease (myocardial sclerosis). A comparison of clinical and
postmortem findings warrants the belief that in essence these changes con-
sist of development of micronecrosis, often even without involvement of
coronary vessels,

Roentgenological findings are also indicative of diffuse myocardial changes
at the early stage of carbon monoxide poisoning; they show total widening

of the heart and pulmonary artery within the first few days after poisoning,
and in some victims (50% of the cases) dilatation of the superior vena cava,

123

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100010059-5



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100010059-5

FOR OFFICTAL USE ONLY

These changes referable to the heart and vessels usually level off in a few
days (3-7) and, according to EKG findings, are followed mainly by foeal
lesions. At the acute stage, when the changes are still mainly diffuse,
there is a drop of arterial pressure (mainly mean and diastolic) and, tu
some cases, fine effusions of blood.
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Pigure 8. EKG of patient M. Explanation given in the text.
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In serlous cases there may be subarachnoidal effusion of blood, cffusions
along the optic nerve and in other important parts of the central nervous
system; toxic pneumonia is observed (A. M. Rashevshaya, 1948). A few days
after poisoning, there remain only mild dullness of sounds and hypotension,
which persists for a long time. While the patient feels well and his
temperature is normal, with no changes in blood, for a long time (3-5 weeks)
the EKG shows marked focal changes, often resembling the changes observed
in the presence of coronary insufficlency and pinpoint necrosis of the myo=-
cardium., These discrepancies between the minor clinical manifestations of
poisoning and severity of EKG changes are very typical of heart disease
following acute carbon monoxide poisoning. The genesis myocardial lesions
1s complex. It is based on dystrophic changes due to metabolic disturbances
that are related to acute onset of myocardial hypoxia.

According to the EKG findings, diffuse myocardial changes persist in the
vast majority of cases for a long time after disappearance of poisoning
, symptoms,

- Thus, there are often marked changes in the myocardium and vascular system
in the presence of acute carbon monoxide poisoning. It may be considered
that the changes in the myocardium and hypotension are among the frequent
long~term sequelae of acute (especially serious) carbon monoxide poisoning,
and they are apparently attributable to a change in condition of autonomic

- centers,

Cyanides: Potassium, sodium, ammonia, hydrogen and other cyanides,
even in small amounts, depress cellular respiration (they block oxidative
enzymes) as a result of which there is development of organic and tissular
hypoxia. The nerve centers are particularly sensitive to hypoxia and are
the first to be involved. Death often occurs instantaneously due to para-
lysis of the respiratory center and reflex cardiac arrest. In the case of
poisoning with small doses, there are complaints of weakness, headache,
nausea, chest and heart pain, dyspnea and palpitations. With high concentra-
tions, there are respiratory rhythm disturbances, severe dyspnea, fear,
stunned state and then loss of consciousness. This may be followed by death.
The EKG shows signs of hypoxic changes or "coronary-like" diffuse changes;
occasionally there is extension of conduction (atrioventricular and ventri-
cular). Koelsch (1959) reports lability of the pulse and arrhythmia at the
long term after acute poisoning. Autopsies revealed 1light red, thin blood,

- fine effusions of blood in the lungs and pleura, pericardium, myocardium,
as well as myocardial dystrophy and sites of softening of the brain.

- We submit the following case history as an exawpie of mild acute poisoning:

Patient M., 31 years old, whose job involves manufacture

of silver parts using silver cyanide and copper cyanide.

While working she felt general weakness, vertigo, headache,
sharp pain in the region of the heart. That day, the

exhaust ventilation system had broken down. After working for
4=5 h she developed a feeling of pressure in the chest, shortage
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of air, seratchy throat, intensification of pain in the reglon
of the heart, with appearance of scvere general weakness and
dizziness. She was delivered to the clinic at 2100 hours,
Examination revealed bright pink integument., Pulse 60/min,
arterial pressure 130/80 mm Hg. Heart margins are in the normal
range, sounds somewhat dull, systolic murmur over all poluts of
the heart., EKG (Figure 9) shows marked diffuse (hypoxic)
myocardial changes~-myocardial dystrophy. Blood presented
moderate nautrophil leukocytosis with left shift to 10% staff
nuclears. General weakness, vertigo and stabbing pain in the

. reglon of the heart persisted for the next few days., Heart
sounds gradually became clearer; leukocyte count reverted to
normal and positive EKG dynamics were observed.,
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Figure 9. Figure 10.
EKG of patient M., explained in text. EKG of patient Ye., explained in text.

126

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100010059-5



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100010059-5

FOR OFFICIAL USE ONLY

Organochlorine compounds: Hexachlorane, dichlorodiphenyl trichloro-
ethane, hexachlorocyclohexane, benzene hexachlorlde and others can induce
systemic poisoning in acute cases: weakness, nausea, vomiting, gastric pain,
headache, nose bleeds, as well as retrosternal pressure pain In the reglon
of the heart, drop of arterial pressure, slowing of pulge and toxic leslon
to the myocardium of the diffuse myocardial dystrophy type. In more serious
cases one observes unconsclousness, cardiac weakness, occasionally pulmonary
edema, collapse and encephalopathy syndrome (L. I. Medved', 1968).

We shall submit an example of acute poisoning by organochlorine compounds:

Patient Ye., 32 years old, laboratory technician, worked for
several hours with organochlorine compounds. Toward the end
of the work day, she experienced severe headache, dizziness,
general weakness, heaviness of the head, aching in the
region of the heart, abdominal pain and nausea, There was
- repeated vomiting., When admitted to the clinic her condition
was satisfactory: pulse 76/min, rhythmic, adequate £illing.
Arterial pressure 110/70 mm Hg. Heart boundaries in normal
range; apical systolic murmur, Tongue is coated, abdomen
soft, there is tenderness to palpation of the epigastric
region and right subcostal space., The margin of the liver is
palpable., Blood test is normal, The EKG (Figure 10) shows
diffuse myocardial changes (flattened Tyyp,y,,, waves, biphasic
Ty ,2 and low TV5,5)° Gradually her condition improved.
EK& dynamics were positive (Figure 10): increase in Tr.ITyjeg-g
and decreased biphasic nature of T wave in the V2 leag.

The clinical and electrocardiographic findings made it possible to interpret
these changes as myocardial dystrophy due to organochlorine poisoning. Per-
haps the latter was due to increased sensitivity of the myocardium to epi-
nephrine, elevation of which is observed in blood and tissues in the presence
of such poisoning (N. V. Lazarev, 1971).

Changes in the Cardiovascular System Related to Poisoning by Agents
Affecting Mainly the Central Nervous System

Acute poisoning may be observed under industrial conditions by agents with
marked toxic properties (chlorohydrins, dichlorohydrins, ethylene chloro-
hydrins and others). Changes are observed in the nervous system and other
organs (cardiovascular system, respiratory organs, kidneys, liver and
others); there is development of severe collapse, coma, hemorrhagic syndrome;
there may be edema of the lungs, lesion to the myocardium and parenchymatous
organs. N. V. Lazarev (1971) describes a case of fatal ethyleme chlorohydrin
poisoning on the job. We submit our case:

Patient Sh., 24 years old, was brought to the clinic at

2200 hours with suspacted industrial poisoning. He worked

in contact with ethylene chlorohydrin, a small amount of which
(about 20 mi) was ingesited by accident at 0600 hours. At
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1900 hours he complained of nausea and vomiting., A gastric
lavage was performed at the medical aild station and he was
given “stomach" tablets. After this he returned to the shop.
However, his condition worsened and he became weak; at

1940 hours he was sent home, On the way home he vomited

many times and had frequent loose stool. The emcrgency

center physician found the patient at home in a collaptoid
state (arterial pressure 50/0 mm Hg)., In spite of adminis=-
tratinn of tonics, his condition did not improve, and he

was taken to the clinic., Upon admission: his condition

is serious, clear consciousness, inhibited, responds to
questions correctly and clearly, He reports general weakness,
drowsiness and chills. Integument is pale with a grayish
cast., The tip of the nose and ears are cyanotic, Respiration
26-30/min; vesicular respiration ausculted. Heart boundaries
are normal, dull sounds, arterial pressure 80/60 mm ig.

Pulse 100/min, thready, rhythmic., Tongue is dryish with

a whitish-yellow coat. The abdomen is soft, tender to pal=-
pation in the iliac region., Liver and spleen are not pal-

-pable. Pasternatskiy symptom mildly positive. Tonic and

cardiac agents were given., At night, the patient was
restless, thrashed about in bed, complained of pressure in
the chest and had difficulty answering questions, On the

2d day, cyanosis of the lips, ear lobes and integument

over the chest was more marked; shallow respiration, 42/min;
weak pulse, 110/min, barely palpable; heart sounds are dull.
Arterial pressure 60/40 mm Hg. Muscle tonus low. The
patient does not have complete lateral movement of eyeballs,
transient, nonrhythmic nystagumoid twitching of a horizontal
nature appears when he fixes his glance, Periosteal and
tendon reflexes of the hands very low; knee reflexes absent,
Achilles reflexes low; no pathological reflexes. There was
no spontaneous urination and no bowel movement. EKG (Figure
11)L sinus tachycardia, vertical position of electric axis
of the heart. Minor changes in the myocardium, mainly the
left ventricle (apices and lateral part of the heart)., Chest
x-ray showed no changes. Eyegrounds: hyperemic optic nerve
disks, barely differing in color from the retinal background,
boundaries vague, veins wide and somewhat tortuous. Blood
test: leukocytosis--ZB.75'10‘/u2 (23,750) and stab nuclear
shift (15%), marked elevation of transaminases (ATS 240 units,
ALT 284 units), aldolase--~34.2 units and residual nitrogen--
300 mgZ.

Urinalysis: albumin 6.6 g/% (0.66%), leukocytes 20/field,
erythrocytes 203/field, altered renal epithelial cells in
moderate amount. His condition was unchanged in the daytime.

On the 3d day, his condition became extremely serious. The
patient is stunned. Marked general cyanosis and acrocyanosis.
Rapid respiration (40-48/min), shallow, intermittent. Vesicular
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breathing, Pulse 100-108/min, deficient. Arterial pressure
100/80-120/90 mm Hg, Heart sounds duli, pericardial friction
murmur in a eircumseribed area (near the apex). Pupils
constricted, no reaction to light. ‘Tendon reflexes absent,

No pathological reflexes. 1In this time (2 days) urine out=-

put only 200 mR. EKG taken on 3d day (Figure 11): "infarctoid"
changas appeared, indicative of marked hypoxia and impairment
of metabolic processes (electrolyte gradient) in the myocardium,
dystrophy and, perhaps, noncoronarogenic myocardial lesion
(mainly to the posterior wall of the left ventricle); consider=
able increase in electriecal systole of the ventricles.

In view of worsening of his condition, the patient was trans-
ferred to the Institute imeni N, V. Sklifosovskiy where, in
spite of intensive therapy and repeated peritoneal dialysis,
he expired.

Anatomical findings: acute ethylene chlorohydiih poisoning
(according to clinical data); numerous petechial and striate
hemorrhages, nonuniform filling with blood of the myocardium,
hemorrhages in the region of the anterior and posterolateral
wally of the left ventricle (under the epicardium and near
the superoposterior papillary muscle); isolated atheromatous
plaques (which do not constrict lumen) in anterior and des=
cending branches of the left coronary artery; dystrophy of
the myocardium, kidneys (excretory nephrosis) and liver;
severe edema of the brain and lungs; venous plethora of
organs, thin blood.

Microscopy of myocardium: marked dystrophy and edema of the
myocardium with areas of necrobiosis (Figure 11, ¢, d); fine
droplet adiposity of hepatocytes of the liver; very severe
dystrophy and autolysis of tubular epithelium of kidneys,

Thus, as a result of acute ethyleme chlorohydrin poisoning, changes in the
central nervous system caused impairment of respiration and organic hypoxia,
appearance of severe collapse and impairment of renal excretory function
(uremia). The occurring metabolic changes (protein, electrolyte, fluid-elec-
trolyte, enzyme metabolism), as well as impairment of acid-base equilibrium,
against the background of marked hypoxia, caused appearance of dystrophic
and necrobiotic (noncoronarogenic) changes in the heart, involvement of the
liver and kidneys.

Under industrial conditions, there are also cases of poisoning by substances
with minimal toxic pruperties. In such cases, the acute states are apparently
due to the large -'osage of a substance or increased sensitivity of the body,

or else both factors together. The reaction is asgsociated with marked ex-
citation of the sympathetic nervous system of the order of a stress reaction,
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with increzse in blood eatacholamine content, which could cause Injury to

the myocardium and veassels.

Figure 11.
Acute ethylene chlorohydrin
poisoning
a) EKG taken on 2d day of
{llness
b) EXG taken on 3d day of
illness

patient T., 40 years old, instrument con=
trol man at a pharmaceutical plant (tenure
of 8 years), was brought to the clinic at
1400 hours., He had worked for a long

time on synthesis of sodium benzonate.

In the past week he had to go down for
15=30 min, several times a day, to

the desiccating department, where there
was a large amount of caffeine powder.
After this, he observed transient palpita-
tions, During the night shift, he cleaned
out the drying department, where there was
about 500 kg of sodium benzonate of
caffeine, He worked without a respirator.
He developed a sensation of shortage of
air, fever and general weakness after
working for 1-1,5 h, General malaise,
palpitations increased after 2-3 h, with
appearance of mild vertigo, nausea and
tremor of the body. At the end of his
shift, on his way home, there was inten-
sification of dyspnea and nausea. He
vomited once, At home, there was appear-
ance of sensation of pulsation in the
temples, cramps in the legs and muscles

of the upper abdomen, with intensifica-
tion of palpitations and worsening of
general condition. The emergency center
physician rendered first aid and per-
formed gastric lavage, after which the
patient was taken to the clinie,

Upon admission: clear consciousness, hypex-
emic face and chest; rapid speech, some-
what slurred, body tremor, general excita-
tion, motor restlessness, euphoria and dys-
pnea (26 respirations per minute); some-
what hard breathing; diffuse apical beat,
accentuated sounds, heart boundaries in
normal range; pulse 110/min, cordy, rhythmic;
arterial pressure 160/80 mm Hg; abdomen
soft, some tenderness upon palpation of
muscles in the upper half; cranial nerves
show no changes; testing of plantar re-
flexes showed tonic seizurer of gastroc-
nemius; EKG taken on day of admission
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(Figure 12a): ditfuse myocardial changes; sinus tachycardia
110-105/min; normal position of electric axis; P~-Q 0.13 s,
QRS 0,10 s, Q=T 0,30 8 (normal 0.27 s), S=TTTu11Ts Vish,s5
slightly inclined. TI flattened, TII,III, Vs,e low, biphasic,

(continued) Acute ethylene chlorohydrin poisoning;
histological preparation of myocardium: marked edema
and dystrophy of myocardium (c[top]); necrobiotic
regions (d[bottom]) ‘
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After intramusuclar injection of

) 1C mf 25% magnesium sulfate, 1 mf
yo/r ¥ »/e 2,5% aminazine with novocain, the
patient slept for about 2 h. Upon
awakening, he reported some improve-
ment, but marked facial hyperemia,
tremor of the entire body and hands
persisted. Respiration rate 20/min,
arterial pressure 140/80 mm Hg.

There were brief and recurrent
L. cramps in the gastrocnemius. After
intake of 20 m 2% chloral hydrate

p— he fell asleep. In the morning he
was more mobile and euphoric.

~‘ M';\_ Marked hyperemia of all integument

persisted, especially on the face,

neck, back and chest. Respiration
rate 20/min., Fine tremor of the
body and hands, mild hyperesthesia

e
V
I . of the feet. Tendon reflexes
% 'Hll ‘ll“{ I(f{“,k++w4*. ﬂ lively, abdominal s¢d. Tenderness
. of gastrocnemius upon palpation.
¥ _.LA_‘,LLHM—H .M(H-HW -M(‘,-L EKG taken on 2d day (Figure 12b):
. '.'; : more marked changes in the myocardium;
y “’H_H,W_H W%— tachycardia up to 150/min; electric
e | ventricular systole up to 0,06 s.
a b

R No changes demonstrable in blood and
urine. On the next 2 days his con-
Figure 12, dition improved appreciably. Pain
EKG of patient T. Explained in text in muscles of the legs and upper
half of abdomen persisted. There
. was regression of cutaneous hyper-
emia; mild motor excitement, restlessness and elements of euphoria were
observed. Roentgenoscopy of the chest failed to demonstrate deviations from
the physiological norm. On the following days there was dyspnea upon
exercise and rapid walking, increased perspiration and some tenderness in the
right gastrocnemius, EKG on the 12th day of illness (Figure 12c) still
showed changes in the myocardium (low T1, I1I, Vu,s)' against the background
of generally positive dynamics.

[

Biochemical studies on the 7th~10th days of hospitalization showed elevation
of aspartic transaminase to 82 units (normal 40 units), According to the
results of electromyography (Figure 13) performed on the 5th day, there
were deviations in bioelectrical activity of skeletal muscles. The changes

. 4n structure of the EMG were indicative of the stimulating effects of laige

doses of caffeine on the motor system.

" He was discharged after 13 days in satisfactory condition, with the recommenda-
tion not to work in contact with chemicals for the next few months. When
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examined 3 months later, no deviations referable to the
internal organs were demonstrated.

W
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Fiugre 13, Electromyogram of skeletal muscles of patient T.
Explained in the text.

Thus, there were distinct clinical signs of excitation of the adrenergic
system in the symptomatology of poisoning. This was apparently the chief
cause of metabolic disturbances, deviations on the EKG and EMG indicative
of dystrophic changes and fine necrotic foci in the myocardium, The EKG
dynamics and elevation of aspartic (muscular) transaminase in blood serum
could also be indicative of the latter.

In this case, the slow development of poisoning symptoms is apparently re-

lated to slower absorption of caffeine from the respiratory tract after
inhalation, as compared to absorption from the gastrointestinal tract
after intake by mouth,

Agents Inducing Acute A:lergic States and Lesions in the Cardiovascular
System

The data in the literature (Ye. M. Severova, 1962; Kh., I. Bronshteyn, L. Ye,.
Itkin, 1965; S. A. Ashbel’, 1969) and our findings enable us to single out
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allergic myocarditis and allergic myocardial dystrophy occurring under the
influence of various industrial agents (autiblotics, vitamins, trace
elements and others).

Myocarditis and myocardial dystrophy of allergic genesis were observed
chiefly among young and middle-aged women working in the above industries.
The disease was characterized by acute, recurrent or chronic course. In
most patients, along with allergic manifestations (urticaria, Quincke type
edema, etc.), there were varying degrees of pain in the cardiac region, as
well as change in repolarization of the terminal part of the ventricular
complex on the EKG, chiefly diffuse in nature.

We submit one of our case histories:

B} patient D., 48 years old, had worked for 22 years as a z00-
technician and prepared feed for cattle (she was in constant
contact with group B vitamins, choline chloride, trace
elements and antibiotics). One month before she became sick,
she began to observe edema on different parts of the body,
mainly the left half of the face and neck, urticaria, first on
the hands and legs, then all over the body. Eruptions and
edema were associated with marked weakness, headache and mild
pain in the region of the heart. At night, she developed
excruciating pressure pain in the cardiac region irradiating
to the left arm and left scapula, associated with a collap~
toid state, Concurrently, there was development of exten-
sive edema of the face and neck. She was hospitalized with
the diagnosis of myocardial infarction. Peripheral blood
revealed eosinophilia (10%) and leukopenia, 2+10%/u% (2000).

Injections of vitamin B were prescribed. The first injec-
tion was associated with a severe allergic reaction and
development of collaptoid state, with appearance of negative
EKG dynamics, Hormone and desensitizing therapy improved her
condition. In order to confirm the diagnosis and determine
whether there was a link between her illness and occupation,
ghe was transferred to the clinic. Upon admigssion she com-
plained of weakness and periodic pain in the region of the
heart, associated with edema of the face and neck. Objective
examination revealed widening of the heart in both directions,
dull heart sounds and tachycardia. Pulse 90-100/min, full.
Arterial pressure 140/80 and 145/95 mam Hg. EKG (Figure 14)
showed change in repolarization of ventricles (convex S-T
segment and negative T1p I1I,v,., wave). Blood test:
eosinophilia (10-12%), hypergasmaglobulinemia (30Z) sublimate
test down to 1,49, On the basis of the clinical and EKG
findings the diagnosis of toxic allergy was made (Quincke
edema, urticaria), as well as acute allergic myocarditis.

Her condition improved rapidly in response to hormone therapy,
and there was normalization of EKG.
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FPigure 14, .
EKG of patient D,
explained in text

In the described case, there was demonstra-
tion of similacity of nonspecific reactions
to diverse industrial (occupational) and
nonoccupational etiological factors in the
presence of allergic heart disease.

Acute Effects of Physical Factors
Ionizing Radiation

The possibility of single exposure or
delivery of large divided doses of radiation
under occupational conditions exists only

in exceptional (emergency) situations.

There is even less possibility of selective
expnsure of the heart to a dogse of radiation
that would induce an acute lesion. Such
lesions were observed in Los Alamos in
connection with an accident (12,000 rad

to the chest), the accident at Lokkart
(1200-1500 rad to the head and neck,

in one case 36,000 rad to the chest), and
an accident described by N. A. Kurshakov

et al. (800-1200 rad to the region of the
heart). A. K. Gus'kova and G. D. Baysogolov,
N. A. Kurshakov observed only transient
changes in the EKG and some clinical para-
maters with doses of several hundred rad.
This clinical findings coincide with data

in the literature concerning experimental
studies, which were summarized by Ye. I,
Vorob'yev (1971). 1In the last few years,
some additional information was obtained
about patients exposed to massive radiation
to the chest for therapeutic purposes.

As an illustration, we submit the following example:

Patient S,, 31 years of age, was brought to the clinic on
31 August 1972 due to acute local radiation lesion to the
anterior chest wall and fingers of both hands. He worked
as a flaw detector for 3 years. About 2 months ago, he
had a vial of '*7Cs in his shirt pocket for about 2 h
(}?7Cs activity 2.5 to 5.3 g-equiv Ra). Tentative esti-
mate of dosage: 30,000-38,000 R on the surface near the
source, 16,5 to 22¢10° rad at a depth of 1 cm, 1400-2000
rad at the level of the myocardium with maximum at the
apex and 300-600 rad to other parts of the muscle., With
contact radiation, the maximum dose was distributed in a

narrow beam, with considerable decrease toward the periphery;
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Figure 15,

S EKG of patient S,, explained in text

—

however, when the source 1s away from
the skin, there could also be a differ~
ent dose distribution with scatter

from the beam along the surface,

The first signs of lesion appeared
on the 3d day in the form of ery-
thema under the left papilla, with
subsequent formation of a necrotic
site. Changes began to develop on
the fingers of the right hand after
2 weeks, then on the left hand,

with appearance of nausea and vomit-
ing, The patient was hospitalized
at the Institute of Hematology and
Blood Transfusions, where a compre-
hensive examination (including
trephine biopsy of both iliac bones)
failed to demonstrate serious
changes inherent in acute radiation
sickness,

It was known from his history that
the patient had had a brain con-
cussion in 1964 (fell in a mine),

he was treated by a neuropsychiatrist
because of depression, When admitted
his condition was satisfactory;
consicousness clear, The integument
over the anterior wall of the chest,
from the level of the throat to the
xiphoid process of the sternum and

to the left up to the edge of the
costal arch is hyperpigmented and
scaly in many areas. The necrotic
focus (2.5%3 cm) 1is surrounded by

a zone of erosion with foci of
epithelization totaling 6.5 cm in
diameter in the region of the heart.
Ulcerative necrotic changes in the
fingers of the right hand (II-III)

involve the terminal and middle phalanges and the main phalanx of the
second finger, Percussion reveals a tlear sound over the pulmonary fields

and auscultation, vesicular respiration.

The heart boundaries .(percussed)

could not be exactly defined due to a lesion in this region. Heart sounds
are slightly dull, Arterial pressure 115/70 mm Hg. Pulse 80/min, rhythmic,

full, Abdomen is soft, no tenderness,

liver and spleen are not enlarged.

Normal stool and urination. Neurologically: marked neurotic syndrome.
Soentgenolegically: no change in configuration and size of heart. EKG:

(Figure 15) showed no changes.
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Duirng the observation period there were positive dynamics with regard to
state of involved areas, The ulcer on the chest diminished in size and

_ there was epithelization of the eroded surface arvund it. Partial epitheli-
zation occurred in the sites of digital lesions on the right hand; only
necrotic changes remained on the terminal phalanges of the second and third
fingers of the right hand, Roentgenologically: osteoporosis of digital and
metacarpal bones of the right hand,

The patient complained periodically of dull, sometimes stabbing pain of

vague localization (sternum, costal border, epigastric region, less often

in the region of the ulcer) lasting a few minutes to a few hours, He was
active when he had such pain, Clinically, no deviations referable to the
heart were demonstrable, His pulse was 60-80/min and arterial pressure
90/60-115/70 mm Hg. Dynamic comparisons failed to show pathological changes
on the EKG. TClinical and roentgenological studies also failed to demonstrate
changes in the lungs and pleura., Blood test, urinalysis and biochemical
tests were normal. Total blood protein 74-81,9 g/f (7.4-8.19 g%)., Normal
proportion of protein fractions. Residual nitrogen 3.9 mgZ, potassium 18 mgZ,
sodium 312,5 mgX in plasma, normal proportions. Sugar (85 mg%), cholesterol
(200 mg%) and enzyme levels also failed to demonstrate deviations. Blood
amylase 131 units, cholinesterase 45 units, creatine kinase 10.3 units,
alkaline phosphatase 1.5 units; the following were slightly diminished:

GASP [glutamic-aspartic transaminase?] 2.5 units, GALT [glutamic-alanine
transaminase?].4,5 units, thymol test 2.5 units. Bone marrow taken from

the sternum at the end of the 4th postradiation month was deficient in

cells. The leuko-erythroblast ratio is altered due to reduction of
erythroblasts,

The patient was treated with antibiotics, vitamins, antihistamines, mild
tranquilizers, ganglion-blocking agents and physiotherapy; an intracutaneous
and paravertebral T;-T, novocain block was produced once.

The patient's condition was quite satisfactory. However, there was sudden
occurrence of death, This outcome could be attributed to cardiac arrest,
due to functional and organic changes in the heart, focal and diffusely
dystrophic in nature, as a result of local exposure to radiation.

Pathoanatomical findings: acute, severe local radiation trauma to the left
half of the chest with irradiation of the heart, left lung, sternum, and
marked morphological changes in the skin, muscles, esophagus and serosa.
Deep radiation ulcer at the stage of pyonecrotic changes in the skin, sub-
cutaneous fatty tissue and muscles in the region of the sixth-seventh ribs
along the left midclavicular line, Residual signs of radiation dermatitis
on the left chest. Extensive, large-focus sclerosis on the anterioposterior
wall of the pericardium and parietal pleura in the left pleural cavity,
atrophy with cicatrized ulcers of the mucosa, sclerosis and thickening of
the wall of the lower half of the esophagus. Radiation myocarditis with
moderate cardiosclerosis., Venous plethora and edema of the lungs. Throm-
bosis of fine vessels of the lungs, mainly on the left. Small sites of
pneumonia and infarction in the lower lobe of the left lung. Mild reticular
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pneumosclerosis, mainly of the left lung, Radiatlion lesion
to the second and third digits of the right hand, in the
form of marked atrophy of the skin in the region of the
middle and distal phalanges and dry necrosis of soft
tigssues of the distal phalanx corresponding to the level

of the nail plate, phalangeal osteoporosis. Residual signs
of lesion to the second finger of the left hand, in the
form of partial atrophy of soft tissues of the distal
phalanx,

Morphological signs are indicative of death of the asphyxia
type: severe plethora of internal organs, subpleural
ecchymosis, thin dark blood in heart cavities and vessels,

Death was due to cardiac arrest as a result of severe radia-
tion trauma to the left half of the chest and cardiac lesion.

A comparison of thin case to data referable to other patients exposed to
predominant irradiation of the cardiac region (N. A. Kurshakov et al., 1965;
A. K. Cus'kova, G. D. Gaysogolov, 1971, and others) indicates that it is
unusual: relatively small dose of local radiation to part of the heart,
rapid onset of death (within 4 months), suddenness of . the latter, unique
pathogenetic mechanioms that could not be totally explained on the basis

of histological signs of cardiac lesion.

It may be assumed that there is a reflex mechanism involved in sudden
functlonal disturbances of the heart as a result of pathological dfferenta-
tion from periocardial involved regions of the heart and chest. This patho-
logical reflex was expressed through activity of the heart, in circumscribed
regions of which there were also postradiation and, perhaps, immunoallergic
in genesis, moderate changes of the order of interstitial myocarditis and
dystrophy of muscle fibers.

Effects of Atmospheric Pressure Changes

High pressure: The work of divers or caisson workers may be associated
with functional disturbances of the cardiovascular system as a result of
rapid transition from deep water to the surface. Decompression with
excessively rapid lowering of atmospheric pressure could cause accumulation
of gas (nitrogen) bubbles in blood, with the gas dissolved in body tissues.
Not having had time to be eliminated through the lungs, they can induce
emboli in the vessels of various organs and systems (lungs, brain, heart
and others) and cause the corresponding clinical syndromes of caisson
digease (A. P. Brestkin, 1952), Occlusion of branches of the pulmonary
arteries could cause an acute strain of the right ventricle, with the cor-
responding EKG signs of cor pulmonale. Coronary vessel emboli induce
transient attacks of angina pectoris or the syndrome of acute ventricular
asystole, occasionally with edema of the lungs, focal lesions to the myo-
cardium and ultimately death, Such patients complain of general weakness,
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puin Lln the bones, Joints and muscles. They present tachycardia and
occasional elevation of arterial pressure. The IKC shows diffuse hypoxic
changes, coronary changes or infarct-like deviations, This could lead to
myocardial sclerosis.

Low pressure: When flying at high altitudes or working at a high altitude

- (in the mountains), lowering of atmospheric pressure and partial oxygen
pressure could lead to decreased oxygenation of blood. There is an in-
crease in dissociation of oxygen and hemoglobin in erythrocytes, followed
by hypoxia and functional disorders of the cardiovascular and nervous sys-
tems, This may be particularly marked in individuals with vascular athero~
sclerosis (V. B. Malkin, V. I, Plakhatnyuk, 1974), The condition 1s asso-
ciated with appearance of severe muscular weakness, drowsiness, impaired
memory, slow responses to various stimuli, deeper and faster respiration,
faster heart rate, drop of arterial pressure, with possible fainting or
collapse, sinus tachycardia; there is appearance of signs of diffuse myo-
cardial dystrophy on the KG; in the presence of atherosclerosis of coronary
vessels there are focal changes in the myocardium.

Effects of High Temperature and Thermal Radiation

Overheating of the body and impaired heat regulation can be clinically mani-
fested by symptoms varying in severity. In mild cases, faster pulse, dull
heart sounds and hypertension are observed, against-the background of
general weakness, buzzing in the head and ears, thirst, occasionally nausea,
vomiting and fast respiration (B. A. Krivoglaz, 1957; A. Yu. Tylis, P.
Solomko, 1968). .

In severe cases, the above syndrome may be the prodromal period, prior to
development of heat (or sun) stroke. Then the respiration is fast, shallow,
heart sounds become dull, pulse is fast (100-200/min), thready, and
arterial pressure drops. The EKG shows extrasystole, transient block of

the right branch of the atrioventricular bundle, increase of P1I-III,
decline of S-T and T wave. Systolic and minute blood volumes diminish

(A. N. Azhayev, N. A. Lapshina, 1971). Occasionally, there are epilepti-
form seizures, convulsions, mental disorders; later on there may be collapse
and coma ending with death,

Effects of Electricity

When alternating current of 100 mA to 5A passes through the region of the
heart, cardiac arrest may occur immediately (apparently as a result of
ventricular fibrillation). In other cases, victims present autonomic
disorders, pain in the cardiac region and transient rhythm disturbances.
Occasionally, a few days after the accident there may be signs of diffuse
or, less often, focal changes in the myocardium, as found on the EKG,
which are indicative of injury to the myocardium.
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Acute Effects of Radiofrequency (Short, Ultrashort, Superhigh)
Electromagnetic Waves

‘The data in the literature (A. A, Orlova, 1960; E. A. Drogichina, M. A.
Sadchikova, 1965; Z. V. Gordon, 1966; V. M. Malyshev, F. A, Kolesnik, 1968)
indicate that electromagnetic fields in various frequency ranges influence
the cardiovascular system.

In animal experiments, rhythm disturbances, vascular dilatation, longer

phase of cardiac contraction, as well as acute onset of EKG and morphological
changes of the myocardial dystrophy type were observed. Several authors

(N, V. Uspenskaya, 1963; N, N. Molchanov, Ye. V. Gemibitskiy, 1973, and
others) demonstrated changes in hemodynamic parameters and nonspecific
changes on the EKG in chronic and acute experiments involving exposure to
electromagnetic fields in different frequency ranges and of different in-
tensity.

The mechanism of these changes has not yet been adequately investigated,
F. A. Kolodub and G. Ye. Yevtushenko (1972) believe that they are based
on changes in carbohydrate and nitrogen metabolism in myocardial cells.

Isolated cases of acute "wave sickness' have been described in man; it can
occur under the influence of high-power generators, gross infraction of
safety practices or an accident (V. M. Malyshev, F. A. Kolesnik, 1968, and
others). The clinical signs and state of the cardiovascular system associated
with this condition have not been sufficiently investigated. With exposure
of the head, diencephalic symptoms are prominent in the clinical signs,

with hypertensive reactions, tachycardia, attacks of paroxismal tachycardia,
ataxia and autonomic syndromes (profuse perspiration and others). Death
may occur due to collapse and acute overheating. McLaughlin (1957) and

Grof (1958) described a case of fatal outcome after exposure of a 42-year
man to SHF. ,

Some Questions of Etiology, Pathogenesis #nd Therapy of Acute Cardiovascular
Syndromes of Occupational Etiology

There are several distinctions to the clinical syndromes referable to the
cardiovascular system in the presence of acute states due to the effects of
various occupational factors, although they retain the main patterns of
nonspecific mechanisms, as well as clinical manifestations. One often
observes signs of excitation of the central and autonomic nervous systems
(vegetovascular dysfunction), adrenohypophyseal reactions (stress), redis-
tributional leukocytosis, as well as changes in bioelectric processes (phases
of repolarization of the myocardium) of the heart,

Some deviations or other are observed in the cardiovascular system, depending
on the nature of the factor, its physicochemical properties, time and place

of application, concentration of a toxic agent, type of energy and its
distribution in tissues, condition of the nervous system, individual
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reactivity of the body and severity of the overall pathological process,

The severity of changes ranges from mild rhythm disturbances, fluctuations

of arterial pressure and negligible dystrophic chianges in the myocardium

to development of hemorrhages, necroblosis and necrosis of the myocardium,
acute cardiovascular insufficlency, collapse and instantaneous death (in
cases of poisoning by tetraethyl lead, ethylene chlorchydrin, methyl alcohol,
gas embolism of coronary vessels and under the influence of certain other
factors,

Sudden cardiac arrest may be the result of acute cyanide, hydrogen sulfide,
barium salts, ethyl bromide, phenol, chlorinated hydrocarbon (methane) and
other poisoning. In such cases, autopsies usually fail to demonstrate
changes in the heart, If death did not occur immediately, post mortems
often demonstrate fatty or protein dystrophy of the myocardium, necrobiosis
and hemorrhages, edema of the tunics of the heart and parenchyma, change in
vascular walls and other changes. The EKG shows significant changes in
myocardial repolarization phase (lowering or inversion of T wave), mainly
of an extensive nature, in both the left and right leads. The clinical and
and EKG findings do not always permit attribution of tliese changes to
vertical position of the heart, coronary insufficiency or acutely developed
stress of the right ventricle. The demonstrated deviations are essentially
consistent with the syndrome of diffuse myocardial dystrophy.

The pathogenesis of such functional disturbances of the heart is rather
complex, In the first few minutes after exposure to occupational factors,
it is due to specific and neuroemotional excitation, development of the
hypothalamohypophyseoadrenal reaction that is common with any stress.

According to the data of H. Selye (1963) and Raab (1968), excessive accumula-
tion of catecholamines in the heart is observed in the presence of stress
states. This is associated with increase in heart function (contractions,
stroke and minute volumes) and significant increase in myocardial oxygen
uptake. The increased oxygen uptake is not always consistent with intake
thereof, even in the presence of healthy coronary vessels, but especially
with changes in the latter. As a result, there is onset of hypoxia, with
impairment of metabolism (attenuation of processes of phosphorylation and
glycolysis) and accumulation of incompletely oxidized products (lactic

acid and others). Neuroendocrine and metabolic changes also occur as a
result of the direct effect of the factor on the heart, and they induce
disturbances in microstructures of myocardial cells. Evidently, the

final and main result of such deviations is progressive hypoxia, which
elicits changes in the heart in the nature of diffuse myocardial dystrophy,
occasionally associated with necrobiosis or necrosis of the myocardium,
involvement of the vascular wall and deviation of bioelectrical processes
(Weiss, 1956).

G. F. Lang uses the term "myocardial dystrophy" to refer to functional
changes, that are quite reversible at the early stages, related to some
biochemical deviations or other (impairment of enzymatic systems, carbo-
hydrate-phosphorus, protein, electrolyte or other forms of metabolism), as

141

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100010059-5



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100010059-5

FOR OFFICIAL USE ONLY

well as impairment of redox processes in the myocardium,  Thanks to the
development of electron microscopy, the substrate of myocardial dystrophy
s clearer. One observes enlargement of muscle cell nucled, redistribution
of nuclear substance, mitochondrial swelling, clearing of the matrix, des-
truction of septa and focal breakdown thereof. In the cell, there is a
reduction in number of ribosomes; one observes dilatation of sarcoplasmic
reticulum tubules, intracellular edema, disappearance of glycogen granules,
appearance of fat droplets and other deviations. These changes are con=
sistent with protein and fatty dystrophy observed under an ordinary micro-
scopa, The observed changes are not specific or stereotypic (D. S.
Sarkisov, G. V. Vtyurin, 1971). The ultrastructural changes in myocardial
cells are the same, regardless of their cause (toxic agents, hypoxia,
increased load, circulatory disturbance, ete.). On the basis of clinical
and experimental data, it was established that dystrophic myocardial changes
are essentially reversible. After elimination of the pathogenic factor,
the ultrastructures gradually revert to normal as a result of intracellular
recovery processes (without increase in number of cellular elements)., Des-
truction of muscle cells is compensated by hyperplastic processes (increased
mass of specific ultrastructures) in remaining cells, This is assoclated
with enlargement, hypertrophy, of cells. Thus, significant changes in
myocardial function and dystrophy thereof are associated with structural
changes on the subcellular level (D. S. Sarkisov, B. V. Vtyurin, 1971).

Myocardial dystrophy can be induced by various exogenous and endogenous
factors,

Neu.otrophic (dystrophic) changes in the ventricular myocardium were found

by many researchers upon stimulation of peirpheral and central branches of
the sympathetic and parasympathetic nervous system. Experimental stimulation
of peripheral nerves produced so-called reflex myocardial dystrophy (A, Yu.
Mal'kov, 1966; Z. I. Vedeneyeva, 1967; M. D. Vakar, 1969, and others).

Some authors also observed flattening or inversion of the T wave on the EKG
(S. M. Mints et al,, 1970, and others).

Centrogenic myocardial dystrophy developed upon stimulation of hypothalamic
nerve centers (I. K. Shkhvatsabaya, 1967; V. M. Tginamzgvarshvili et al.,
1971, and others). Changes were also demonstrated on the EKG, indicative
of hypoxia, dystrophy and necrosis of the myocardium, There was also
histological demonstration of necrosis and infarction-like changes in the
cardiac muscle. These changes were largely due to intensification of the
influence of the sympathoadrenal system on the order of Selye's stress
reaction (M. G. Rayskina et al., 1966).

Experimental dystrophic changes were induced in the heart with injection of
epinephrine (D. S. Sarkisov, B. V. Vtyurin and others). In such cases, the
EKG showed some inversion of T wave and depression of S-T segment. Micro-
scopic examination revealed fatty degeneration and areas of atrophy of
muscle cells. After administration of epinephrine, lowering of T wave

and enlargement of U wave are observed on the EKG. The experimental data
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of A. V. Trubetskoy (1964), who detected myocardial dystrophy that developed
as a result of brief cerebral igchemia., During surgery of the nervous
system (Ye. Z, Ustinova, Ye, F, Drigo, 1963; $. P. Astrakhantseva, 1969;
Burch, Gatath, 1954), patients presented high excretion of epinephrine in
urine; onthe EKG, the change in T wave; the change in St segment should
be considered an indication of considerable metabolic disorders in the
myocardium, which perhaps alter the function of the potassium=-sodium "pump"
(1. 1. lsakov), The cardiac lesions induced by large doses of catechola-
mines (norepinephrine, epinephrine) may be prevented with adrenalytic agents,
Alpha adrenalytic agents prevent injury induced by norepinephrine and
beta adrenalytic agents, the deleterious effects of lsoproterenol (2. I,
Vedeneyeva, 1967), The similarity of neurogenic dystrophy to lesions induced
by large doses of catecholamines is also indicative of the possible patho-
genatic action of the latter, The influence of the sympathetie nervous
system on development of neurodystrophy is confirmed by depletion of the
norapinephrine reserves of the myocardium following a strong stimulus, S. V.
Anichkov (1971) believes that the decline of norepinephrine content in myo-
cardial cells is one of the main mechanisms of neurogenic dystrophy that
develops with strong and prolonged stimulation of the nervous system,
Researchers have reported a decrease in blood epinephrine in the presence of
cardiac insufficiency, In the light of the submitted data, we can under=-
stand appearance of signs of myocardial dystrophy in patients with neuro-
circulatory dystonia, hypothalamic disorders, various newroses, autonomic
dysfunction and manifestations of the diencephalocardiac syndrome, The
presence of common collectors of autonomic and emotional afferentation in
the hypothalamic region suggested the mechanism of appearance of dystrophic
changes in the heart in the presence of some emotional states (P, V. Simonov,
1969). Dystrophic myocardial lesions can occur even with normal stimulation
of the heart and, especially, in the presence of coronary sclerosis or other
changes in the heart. Under such conditions, even an ordinary factor could
cause heart digease, In the last decade, there has been considerable expan-
sion of the teaching on myocardial dystrophies; however, not enough studies
are being pursued of myocardial dystrophy as related to various occupational
(especially acute) factors.

The clinical and EKG changes referable to the cardiovascular system with
acute exposure to various factors, particularly occupational ones, are not
specific,

Main Principles of Organization of Medical Care

The course and outcome of acute poisoning and lesions depend on the sophis~
tication of organizing and proper use of a set medical and therapeutic
measures administered at different stages of treating victims., It is im-
perative to make the utmost use of the advances in modern resuscitation
practice, as well as of the most adequate ways and means of complex and
intensive therapy.

Treatment 1is adninisiered on a full scale and modern level; varicus patho-
genetic agents are used: blood substitutes, extracorporeal hemodialysis,
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prolonged oxygen tharapy in a pressure chamber, cardiac defibrillation, admi~
nistration of salt and protein mixrures, nsmotic diuretics and specific anti=
dotes, General practitioners, surgeons, resuscitation specialists, neuro-
pathologiste and other specialists partieipate in administering therapy.

Care of victims consists of rendering immediate medical ald at the site of

the accident or in the nearest medical inatitution, with subsequent transfer
to special (occupational, resuscitation, etc.) medical institutions.

In cases of serious injuries and poisoning, rapid delivery of the vietim
(by car or aircraft) to specialized institutions and early initiation of
complex therapy increase significantly the incidence of favorable outcomes,
The following therapeutic measures must be implemented: 1) rapid removal of
toxic agent from the victim'e body by means of well-known methods (inducing
vomiting, gastric lavage, administration of appropriate antidotes),
maintenance of cardiac and respiratory function; 2) systematic use of ways
and means of resuscitation therapy directed toward restoring functions of
vital organs (central nervous system, circulatory and respiratory organs)}
removal or neutralization of poison remaining in the organism (antidote
therapy, lavage of gastrointestinal tract). Oxygen therapy, controlled
respiration machine, artificial kidney, forced osmotic diuresis, infusion
of blood and fluid are administered, with constant monitoring of fluid-elec~-
trolyte balance and metabolism,

Metabolic disturbances are corrected, and the possible secondary complica=-
tions are averted in the light of the conceptions of mechanism of action
of the deleterious factor at different stages of development of the process.
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CONCLUSION

[Text] This monograph has submitted data describing the distinctive reac-
tions of the human cardiovascular system to the most diverse occupational
factors. The most common and, to some extent, circumscribed clinical syn-
dromes, concomitant with different occupational diseases, have been des—
eribeds their role is far from unequivocal. In some cases, they merely

- accompany the main clinical symptom complex that is directly related to

- the occupational factor (hemodynamic changes in the presence of radiation

hypoplasia of hemopoiesis, cardiac symptom complex in the presence of anemia
caused by benzene); in other cases, these syndromes are a typical element
of the overall clinical manifestations of an occupational disease, although
their appearance is secondary (cor pulmonale in the presence of silicosis,
toxic pneumosclerosis, berylliosis). In some cases, the cardiovascular
changes determine the symptomatology, course and outcome of disease, and
they also affect the extent of disability (for example, with exposure to
carbon disulfide, microwaves, etc.).

There are examples in the monograph of the direct deleterious effects of high-
intensity occupational factors on the heart and vessels (overradiation,
cooling, vibration and toxic effects).

All of the foregoing is indicative of the importance of the problem. Com~
prehensive details and identification of the cardiovascular component are
needed to evaluate the health status of virtually all groups of workers and
to make the diagnosis of an occupational disease. It is imperative to
determine the extent of cardiovascular changes in the presence of certain
other functional disturbances in the body that restrict occupational
activity. The latter is closely linked with questions of expert certifica-
tion of disability and medical rehabilitation. :
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In assessing the many years of experience in occupational medicine and data

in the literature concerning cardiovascular pathology as a whole, it can be

stated that we now have some rather comprehensive information that makes it

possible not only to demonstrate a number of cardiovascular disturbances,

but to classify them. Such systematization makes it possible to investigate

the etiology and pathogenesis of occupational diseases, as well as clinical

diversity of reactions that depend on the intensity and nature of factor

involved and time of formation of pathological changes. It must be conceded

that this work is far from completed, in view of the diversity of terms |
used by different authors, prevalence of special descriptions over general
publications in which the different aspects of this complex problem would '
be analyzed. Distinctions are made of the more circumscribed forms and ;
states: syndromes of neurocirculatory dystonia, myocardial dystrophy, involve- ‘
ment of peripheral vessels, systemic hemodynamic disturbances with circulatory
insufficiency.

In view of the absence of results of properly organized epidemiological
studies, the question remains debatable as to the role of some occupatiocnal
factors in development of such forms of cardiovascular pathology as
essential hypertension and cardiac ischemia.

Tests have not yet been fully refined for objective determination of the
degree of limitation of fitness for general and specialized work in relation
to changes in the cardiovascular system agsociated with various forms of

1 occupational activity.

The expert decisions that presently being made, examples of which have been

cited in this monograph, are indicative of the inadequacy of methodological
capabilities and relative nature of decisions that are largely determined

by a regearcher's individual experience with a given factor, ) -

In spite of the many reports on the fate of victims of occupational diseases,
including patients with cardiovascular changes (workers in hot shops, indi-
viduals suffering from silicosis, those working with sources of radiowave
radiation, carbon disulfide and others), we were unable to find in the
available literature any specific studies dealing with analysis of the sub-
sequent course of some cardiovascular syndromes as related to the decision

_made with regard to employment (with due consideration of age and other
factors).

Diagnostics of cardiovascular pathology in the symptomatology of occupational
diseases is based on the use of many modern and refined methods of examina-
tion, However, proper evaluation has not yet been made of the informative-
ness of different methods, and a set of procedures is only at the

formative stage, with respect to adequate evaluation of the condition of

the heart and vessels with exposure to a given occupational factor. In

our opinion, some sort of general minimum level should be defined for
exposure to all factors, which would make it possible to compare reactions

to different factors according to severity and clinical importance.
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Analysis of all the material submitted in this monograph shows a dlstinet
prevalence of nongpecific reflex reactions of the heart and vessels to
occupational factors, For this reason, ldentification, evaluation and
interpretation thereof must be made by meanz of objective methods reflect-
ing the extent of generalization and stability of reflex hemodynami ¢

} changes. The radioactive tracer method, with eppropriate functional loads
and electrocardiography are used for this purpose,

Microcirculation and oxygenation of different organs with exposure to occu-
pational factors have been studied very little. Nor can we consider ade-
quate the information at hand concerning pathological anatomy of the heart
and vessels, especially in the case of chronic exposure to low~intensity
occupational factors, Specialized experimental pathomorphological studies,
as well as investigation of all available material about the condition of
the heart and vessels in cases of incidental death of individuals who

have worked for long periods of time with various ovccupational factors,
are needed,

Of course, all these studies should be pursued in relation to the.results
of studies of control groups, that are adequate with respect to sex, age
and living conditions, and they should be backed up by general knowhow in
pathological anatomy of cardiovascular diseases.

It should be noted that, in view of the general physiological role of the
cardiovascular system in the organism, the search for strict specificity
of its reactions to different occupational factors is not considered too
promising. There are more grounds to believe that these reactions may
merely undergo some quantitative transformation and change in time of
appearance and relation to other symptoms, And this leads to onset of
other than strictly specific manifestations of cardiovascular disorders in
response to exposure to an occupational factor. The possibility of
development of ordinary and widespread cardiovascular diseases among
individuals engaged in various occupations and having contact with the most
diverse factors also plays a certain role. This gives even more importance
to epidemiological investigation of the most common diseases of the heart

- and vessels, which is being done extensively at the present time.

A comparison of material referable to clinical observations related to dif-
ferent occupational factors shows that the most obvious changes in the
cardiovascular system are those due to such occupational factors as massive
radiation to the cardiac and vascular region, acute poisoning, toxic and
allergenic agents, etc. The incidence of such cases is low; however, their
occupational genesis is unquestionable, Equally unquestionable is the role
of occupational factors in the origin of pulmonary and vascular pathology
related to exposure to dust and toxic agents, However, in such cases,
x involvement of the heart in the process follows the laws of general pathology
and does not present any strictly specific features.
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The most common and, at the same time, difficult to interpret signs are
neurocirculatory dystonia and mild dystropnic changes in the myocardium of
individuals exposed to microwaves and lonizing radiation of low Iutensity,
carbon disulfide, lead, unsaturated hydrocarbons and other toxic agents

or mixed occupational factors (combination of noise and emotional streus,
vibration and muscular tension), Success can be achleved in the study and
evaluation of these dlseases only after accumulation of extensive clinical
statistical data that would indicate the possible link between clinical mani-
fostations and dosage of occupational factor (with due consideration of

known ivisk factors: hypokinesia, obesity, heredity and bad habits).

Future in-depth clinical studies could be pursued in the direction of estab-
1ishing the correlations between different functional changes in the cardio=-
vascular system and those piesent under physiological conditions. Mere
accumulation of special characteriatics on the basis of different manifestn-~
tions and methodological approaches will not add clarity to this complex
question, Attention should be concentrated on an overall evaluation of
health status and generalized indices defining the adequacy of circulation,
To define the effect of an occupational factor, the descriptionof special
but nonspecific cardiovascular reactions should be supplemented with a
search of changes in systems and structures that are the most directly
related to the mechanism of action of a given factor. It is only after
detecting changes in these reflexogenic regions and determining the possible
routes of involvement of hemodynamics in the reflex that one can suspect
their causativelink with an occupational factor. But even in such cases one
must bear in mind the aggregate of all other influences on the heart and
vesscls, which 1s indicative of the multi-etiological nature of these
syndrumes.

Appearance of such disorders in various worker groups usually requires
careful dispensary observation with administration of general fortifying
and health-improving measures, after which an appreciable improvement is
observed. At the same time, the syndromes that are related more to the
effects of other factors, that are difficult to take into consideration
(poorly organized lifestyle, bad habits, overeating, hypokinesia, conflict
situations) do not present such beneficial dynamics and lead to development
of various diseases (neurosis, cardiac ischemia, essential hypertension),
The increase in mean age, occurring as the observation period is extended,
affects the dynamics of symptoms in these individuals. It is very diffi-
cult, both clinically and etiologically, to evaluate full-fledged forms of
cardiovascular pathology against a background of prior circulatory dys-
function, and this is well illustrated in the sections dealing with micro-
waves and toxic agents.

The accumulated experience enables us tc offer some diagnostic criteria
and terms defining the most common changes in cardiovascular function under
the influence of occupational factors.
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There are few cases of toxic and allergic myocarditis, marked hemodynamic
disturbances related to acute poisoning and massive radiation that could

be of independent significance in determining disability related to an
occupational factor, 1In some cases, determination of the degree of dis-
ability is made only on the basis of the aggregate of data on other clinical
manifestations of occupational and concomitant diseases. Examples of
diagnostication in all these cases are given in the relevant chapters.

Therapeutic and preventive measures to prevent and attenuate cardiovascular
disorders, in addition to improvement of special working conditions and use
of the usual agents for symptomatic and pathogenetic therapy, should.
include as a very important element some general measures referable to
organizing living.conditions, the work process, physical and mental
conditioning and reasonable diet. Implementation of such measures in
various worker groups would improve the health status of society as a whole.
This is attributable to the large number of groups screened and realistic
organizational structure to implement the measures. For this reason,
preliminary and regular physical examinations may become the first stage
of complete dispensary care of the public with respect to cardiovascular
aspects,
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