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The large amount of factual and experimental materlal accumulated /1
up to the present time, obtained during the preparation and execution
of manned space flights by the U.S.S.R. and the U.3., permlts us to con=-
sider the state of welghtlessness as one of the chlef factors limiting
man's extended stay in space. In this connection, the adequate mode-
ling of physiologlcal reactions lnherent to the state of welghtlessness
has become & matter of particular urgency Iin space medicine. This
modeling 1s necessary for studying the phenomenology and degree of
disorders, prognostication of the crew's health, and developlng the
various preventive measures employed in space flights.

Desplte occaslonal critical remarks associated with the 1mperfec-
tion of currently-employed models (immerslon, bedrest), the results of
medical examinatlons of Soviet cosmonauts and American astronauts have
convineingly shown that prognoses based on these examinatlons have pro-
ven to be correct. This is primarily applicable to such disorders as
lowering of orthostatle stability and physical worklng capaclty, im-
pairment of vertilcal stance repulation and coordination of movements
when walking, reduction in the strength of antl-gravitational tonus,

impairment of a number of metabolic processes in the organism, and so
forth.

The unillateral changes noted after space flights and after model /2
experiments lead to the assump+tlon that 1t is possible not only to

*Numbers 1n margin indicate paglnation in forelgn text.
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reproduce some effects of welghtlessness under Earth's gravitational
conditions, but also to evaluate various means of preventing and
treating known disorders, the range of which has been rather accurately
determined. Some of them approach the upper limit of the physlologilcal
norm while others, predominantly those of the circulatory system, may
be qualified as subpathologlcal chanpges that 1imit man's extended stay
in space.

Medical and blologlcal research conducted as part of the rlight
programs of the "Soyuz" and "Apollo" spacecraft, as well as the Salyut
and Skylab orbiltal statlons, has shown that one of the basle develop-
ments of space medicline in the coming years wlll be the further study
of the subtle adapt . mechanisms of man's clrculatory systems while in
a welghtless state. A purely physical phenomenon - the absence or
sharp reduction of fluctuations in the hydrostatic component of bleood
rressure - plays a very important role Iin the etiology of the restruc-
turing of the functioning of many systems under these conditlons., The
natural response to this phenomenon is commonly thought to be an un-
usual (for Earth conditions) redilstribution of blood, with increased
flow to the organs and parts of the body lying above the level of the
heart. Thls 1s followed by the development of compensation processes
with the participation of neuroflexcor, metabolic, and myogenlec mechan-
isms. The problem of gravitational redistribution of blood, under par-
ticularly intense study in recent years, 1s In many ways obscure, but
its role in the development of cardlovascular system disorders is fully /3
evident. A stereotype of muscular functioning 1in welghtlessness with
hypokinesis and hypodynamics, uncommon for conditions on Earth, is
another very important pathological factor.

Both of the above mentioned factors can be slmulated 1n experi-
ments on the earth and serve as the basls for modeling the physiolc-
gical effects of welghtlessness. The correctness of this model 1is
presently being reinforced in science as the result of a wide range of
research efforts conducted chiefly in the U.S.S.R. and the U.S., and
special discussions of this problem 1n internatlonal conferences, as
well as at the 4th and 7th meetings of the Joint Soviet-American work
group in space bioclogy and medicine. A basic model accepted in our
country in recent years 1s antiorthostatle hypoklnesla with a body
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position declination angle ¢f -4° (head lower than feet). The exper-
iment's duration is dictated by the objectives of the research.

The use of a hypodynamic model with the subjJects in an antlortho-
gtatic positlion has brought some addlitlonal developments in simulating
the effects of welghtlessness that are reproduced less accurately or
not at all when the body 1s in a horizontal positieon. This was ex-
pressed 1n the appearance of the sensation of blood rushing to the head
(which gradually smoothed out), hyperemia and pastiness in the face,
the appearance in some instances of the 1llusion of an overturned body
positlon, and so forth. These phenomena are accompanied by substantial
changes 1in blood redistribution, these being dlrectly indlcated by the
results of radiolsotope investigations (Table 1). Gravitational redis-
tributlon of blood 1s confirmed by rheographic data [1] and materials
obtained during a study of the velns of the ocular fundus [2]. /4

Table 1: Distribution of blood (ml) in various parts of the human

body.
in a at ~4° at =4°
horizontal (head lower for 45 days
position than feet)

Head 666 735 728
Chest 1263 18ey 1575
Abdomen 819 925 835
Pelvis 624 678 714
Legs 1099 799 626

BRIEF EXPERIMENTS WITH VARYING BODY POSITION UNDER BED REST CONDITIONS

It is most advisable to begin a comparison of the physiological

effects brought about by bed rest in a horlzontal and antlorthostatic
body position with the study of the influence of bhrief antliorthostatic
hypokinesia, simulatling the "acute" perlod of adaptation to weightless-
ness, on circulation and on a number of involved analytlcal systems.




The impact of thls perlod 1s known to be particularly great durlng short
space flights or flights in orbltal stations, since 1t 1s at this time
that docklng of the craft with the orbital statlon occurs, along with
the transfer of the crew Into the statlion, preparatlon of equipment,

and a number of dynamic operations dealing with the running of the or-
bital complex. Moreover, 1t 1s during thls perlod that the process

of gravitational redistributlion of blood 18 most expressed and the
symptoms of motlen slckness most clear.

A strict 5-day bed rest with horlzontal (0°) and antlorthostatic
body position at angles of -4°, =8°, and -12° was used for simulating
the "acute" period of adaptatlon to the welghtless state. These data
were presented by us in detail in 1976 at the seventh meeting of the
Joint Soviet-American group in the city of Yerevan [4] and published
[5, 6]. The chilef observations from the experiments with antiortho-
stasis are shown 1in Table 2.

Table 2: Basic Symptoms in 5-Day Antlorthostasls Hypokinesila

Symptoms ge -lo -ge° -12°

Reduction of taste and smell

sensitivity threshold - * * +

Sensatlion of rushing blood

and heaviness in the head - * + ++

Nasal Congestion and impeded

breathing through the nose - + t* Tt
Oedematosls and enlargement

of the nostrils * o +t tt
Increase of Iintranasal re-

sistance + + ++ it
Discomfort of the nasopharynx,

hoarseness, congestion of the B + + ++

pilarynx

Hyperemia of the external

auditory canals, of the - + * +t

veins of the eardrum

Dizziness and nausea - - + +

y ORIGINAL PAGE IS
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Symptoms 0° =10 -8° -12°

Illusion of "rocking", head-
down body position, falling - + + ++
sensatlon

Nistagmold movements of
the eyeball

Stuffiness of the face and
congestion of the vessels of - + ++ +4
the sclera and conjJunctiva

Sensatlon of fullness 1in the

eyes, eye fatigue when reading - + +of ++
reduction in aculty of central

vision

Increase in dlastolle pressure

in the central retlnal artery. + ++ +++ +++
Increase of the retinal-bra-

chial index * * t H
Increase 1ln intra-ocular + + 4+ ++
pressure

Edema of the retilna - - + ++
Impalrment of postural balance + + b4 4+
when walking

Impalrment of vertilcal pose + 4 ot et
regulation

Reductlion of orthostatlc

stabllity + ++ ++ ++4
Reduction of physical work N + + +

capaclty

Note: The symbol (+) indicates presence of symptom
The symbol (~) indicates absence of symptom

It should be agaln emphasized that research data have permitted
us to model the initilal period of man's adaptatlion to the welghtless /7
state and, in partlicular, to evaluate the significance of blood redis-
tribution during the above noted physiologlical reactions. It has been
shown taat antiorthostatic hypokinesia with tilt angles frm -4° to
-12° more accurately reproduce those reactions noted in cosmonauts as




a result of orbital flight than bed rest in a horizontal body position.
Very simlilar data were obtained by our American colleagues [7] in ex-
periments with brief antiorthostatic hyooklnesia at an angle of =-5°,

PROLONGED EXPERIMENTS WITH VARYING BODY POSITIONS UNDER BED REST
CONDITIONS,

Series 1. The subjects of this serles of tests underwent a strict
30-day bed rest in horizontal (0°) and antiorthostatlie (-4°) body po-
sltions. On the whole, the general symptoms of dilsorders corresponded
with those noted 1in the short-term experiments [8, 9, 10]. During the
first hours 1In an antlorthostatlc position, all subjects sensed a
rushing of blood to the head and a feeling of heaviness 1In it, as well
as pulsation in the temple area. These sensations reached maximum in-

tensity within approximately three hours after the beginning of the ex-
periment. JSome subjects reported a feeling of pressure, swelling of

the skln of the face, especlally under the eyes and 1n the area of the
ears., A sensatlon of ralsed temperature of the facial skin also ap-
peared. Individual subJects complalned of the sensation of blood

rushing to the nasopharynx, through the nose, and lowering of the tim-
bre of the voice. Blood rushing to the head was accompanled by a pul- /8
sating headache. When the eyes were closed, during the first hours of
the experiment, there appeared distinet 1lluslons of "falling" and
"toppling"” of the body.

Objectlvely, hyperemia of the faclal skin was detected in all
subJects, especially intense in the area of the ears. The skin on the
upper chest area was of a rosy hue. The 1llusion of body position
generally dlsappeared durling the first day of bed rest; the rushing of
blood to the head and the sensatilon of bed tilting ended toward the
close of the second day. However, the process of adapting to the un-
accustomed state contlnued with individual variations and on the whole
was completed in the first half of the experiment. The subjects char-
acterized the second half of the experiment as a pericd of essentlally
complete adaptation to the antiorthostatlc body position.

No 1llnesses of any kind stimulated by the redistribution of

ORIGINAL PAGE 18
6 OF POOR QUALITY




p—

blood were detected In the course of the experiment. ({eneral clinical
urine and blood tests did not reveal any significant changes. Pulse
frequency and arterial pressure were wlthin normal limits. Table 3
shows changes in some 1lndicators of hemodynamlcs and gaseous inter-
change occurring in model experiments without the use of preventive
measures [11].

As seen from the data, during bed rest in a horlzontal position
beginning from the fifth through the 20th day an lncrease of cardilac
output 1s observed due to the heart's pumplng volume, then as the pulse
rate was practically unchanged, oxygen consumptlion had a tendency to
decrease.

In the antiorthostatic posgitlon, the 1ncrease of cardiac ocutput
and gaseous lnterchange is noted even from the flrst days of bed rest. /9
Beginning wilth the fifth day a reduction of oxygen consumption and dis-
charge of carbon dloxide 1s observed In the subjects, whille cardiac
output remains elevated due to the heart's pumping volume,

During our study of hemodynamlcs under conditions of strlct bhed /11
rest we repeatedly noted an increase of cardlac output. In an earlier
conducted 15-day experliment [12] it was also noted that cardiac output
grows from the sixth through the ninth day of bed rest (0°), which
closely corresponds to the above-~described changes during 30-day bed
rest 1n a horizontal body positlion (0°) . In contrast to this, an
increase in cardlac output 1s observed from the very beglnning of bed
rest in an antiorthostatic body position (-4°), which in all probabi-
lity 1s brought about by the considerably great flow of blood into the
upper chest and heart region.

Series 2., Partlcipating in the experiments were essentlially hcal-
thy subjects aging from 19-35 years (24 people), who were divided into
four groups of six in each group. Those obgerved 1In the first, second,
and third experimental groups observed a strict 30-day bed rest 1n an
orthostatic (+6°) and antiorthostatic (=2° and -6°) body position,
respectively. The members of the fourth group (control) were not sub-
Jected to bed rest. During the course of the entlre experimental period
they were under identical condltions of houslng, dally activities, diet

7
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and water consumptlon as the subjJects of the experimental groups. The
reduced moving activity, unavoldable under statiocnary conditions, was
supplemented with a speclal complex of physical exercises., Analysis

of the resulting data showed that the clinical condition of the sub-

Jects and thelr abllity to undergo various [functional tests (ortho-
statlec, work on a veloergometer, ODNT and so forth) after the completion
of the experimental perlod was practlically unchanged. In the subjects

of the experimental groups (1, 2, 3), varying changes in the functioning
of Individual physiologlcal systems were detected under the influence /12
of 30-day bed rest.

The symptomatic complex of disorders characteristic of the "acute"
period of adaptation to bed rest conditlons prevalled during the first
days of the experiment; however, the expression of individual impalr-
ments was found to depend closely on the body position 1in the bed: in
an orthostatic position (+6°) the subjJective and objectlive signs of
blood redistribution were Insignificant, but in the antlorthostatic
posltions (-2° and -6°), they were clearly expressed. Beginning with
the second half of the exper'ment, the differences in the clinlcal sta=~

tus of the subjects of the tnree groups leveled out to a significant
degree. |

In the subjects who were 1n an antlorthostatle positlon, a feeling
of blood rushlng to the head appeared durlng the first two days of the
experiment, and when the eyes were closed an 1llusion of the body being
tilted from 110 to 140° to the vertlcal appeared. There was a sharp
Increase 1n the error of perceptlion of visual coordinates (almost
doubled in the -6° group), determined using a "vertical" instrument,.

Toward the mlddle of the experiment, the error 1in perception of the
subJective visual vertical was somewhat decreased in comparison with x
that registered during the flrst days, but 1t still substantially ex- 13
ceeded the initilal value, Testing during the final days of bed rest "j
again revealed a tendency toward increase of the error. During ten iﬂ
days of the rehabilitation period, a stable (-6° group) or singular ]
lnerease of perceptlion error was observed to be at the same level as
during the first days of hypokinesis (-2° group).

In subjects remaining 1n an orthostatic position (+6°), the change

g



in perceptlon of the subjectlve visual vertleal was more pronounced, /13
During the first hours of hypokinesis, these subjeects, 1n contrast to
subjects of other groups, experienced an 1llusion of the head and body
being tilted at an angle of 40-60° to the vertiecal when the eyes were
closed.
Jects in the middle »nf the experiment, in additlon to pronounced per-
sistent asymmetry at 1ts end [13].

A single Increase In perception error was noted In these sub-

The impairments of perception of the visual vertical, revealed
during the initial perilods of antlorthostatic hypokinesls and rehabil-

litatlion, are rather
flight and the flrst
during these perilods
velopment of various

characteristic of the Initlal perlod of snace
days of re-adaptation to Earth's gravity, silnce
cosmonauts and astronauts most often note the de-
disorders [14 - 21].

After completion of the 30-day bed rest, the abllity to withstand
the functional tests was substantlally reduced in subJects of all three
groups. In those cases where the functlon under study depended on the
reduction of hydrostatic blood pressure, the reduction of the abllity
to undergo functlonal tests depended on the position of the body 1n the F

\
:
bed; the most pronounced changes were noted in subjects who remained i
;

in an antiorthostatic body position at an angle of
where the parameter under study was seldom subject
gravitatlional redistribution of blood, the changes
bed rest remalned practically ldentical fto that of

-6°; 1in other caset,
to the effects of
after completing
subjects in an

orthostatic, as well as antiorthostatle, positlon in the bed. We
shall present the results of Indlvidual functisnal tests as examples.

Active Orthostatic Test. Tne test conslsted of the subject being
initially in a horizontal (5 min) posltion and an active standlng /1h
position (10 min).

reglistered on an EKG and the dlscrete-arterial pressure by the tacho-

The frequency of heart contractions was continually

oscillograph method. The results of the completed research are shown

in Table 4,

From the table, it can be seen that the ability to undergo actilve
orthostatic tests after completling bed rest was substantlally reduced

g 18
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in all sublects; the most pronounced deterloration of postural repula-
tion of the cilrculatory system was observed 1n persons who were 1n an
antiorthostatlc position at an angle of =-6°. Thus, the difference in
frequency of heart contractlons registered in the vertical position
before, and 24 hours after completing bed rest, totallec on the averape
+16, +26, and +32 beats/min for subjects Kept at angles of +6°, -2°,
and =6° respectively. The difference in increase of the pulse rate
when switching from & horlzontal to a vertlcal position before and
after completing the experimeat also was equal to +12, +16, and «"+
beats/min respectively, 1l.e., the quickening of the rhythm of heart
contractions upon assumlng a vertlceal posltion was most pronounced in
subjects of three groups (=6°) as compared with background data.

Passlve orthostatlc test (+#85° - 20 minutes). During the conduc-
ting of the test, the frequency of heart contractlons was rontinuously

registered by EKG and the discrete-arterlal pressure by ausculation.
Table 5 glves the averare values of indicates over a ten-minute perlod
of horizontal position and the maximum values of freauency of heart
contractions, as well as the minimum values of arterial pulse pressure,
registered in a vertical body positlion.

The ' .sults of research have shown caat, under the Influence of
+ 30-day bed rest, there 1s an increase of the frequency of heart con-
tractiong and an increase of arterisl pulse pressure in a horizontal
position. There 1s also a pronounced qulckening of the rhythm of heart
contractlions and a reductlon of arterial pulse pressure in a vertiecal
body positlon, somewhat more pronounced 1In subjects who were in an
antlorthostatic position in bed. Thus, the difference In maximal pulse
frequency repglstered in the vertical position before and after comple-
tion of bed rast totalled +26, +39 and +48 beats/min for subjects who
were in an orthostatic (+6°) and antiorthostatic (-2° and -6°) body
posltions, respectively. At the same time, after completine bed rest,
three cases of falntness were observed in the first proup (+6°), four

/16

cases 1n the second group (=2°)}, and two cases In the third group (-6°).

To a certaln extent, this reduces the strict dependence of the lowering
of orthostatic stabllity on the negative tilt angle during bed rast.

It should be noted that subjects of two experimental groups (+6°

11
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and =2°) where the greatest amount of faintness was observed after
completion of bed rest, were, to < certain depree, orthostatically
less stable than subjects of the third sroup (-6°), which 1s evidenced
by the conslderably better reaction of the latter in backpround inves-
timatlion. One can thus make the prelimlnary concluslon that wilthin
the limits of the 30-day experiment, the change of orthostatic ability

1s a function of body poslition iIn the bed.

Test with Maximal Physlcal Load on a Veloermometer. The funda- /18

mental pgoal of the test 1s an investlmpation of the physlcal work capa-
city and condition of the cardlio~respiratory system of man. Man's
physical work capaclty, 1.e., hls abllity to perform intenslve muscular
work, 1n a certaln time perlod, 1s closely linked wilth the reserve ca-
pabllitles of the oxygen transport and utilizatlon system. Since during
the process of supplying oxymen to the working tissues, the primary

rele is played by the cardio-respiratory branch of thils system, when 1ts
fuictional capabllitles are i1ncreased, the work capacity of the organism
Increases; when this functional capability 1s decrecased, the work capa-
clty 1s reduced., It follows that Informatlion on the condition of this
system provides a well-founded physlologlical explanatlon of the change
in the level of man's physical work capacity. It 1s presently recop-
nized that in investligating man's work capaclty, the most valuable tests
are those that permlt us to determine maximum oxypen consumptilon

(max V02) - the international standard for an organism's cardio~respir-
atory potential - by a direct method. Research of the cardlovascular
and resplratory systems under conditions in which a subject performs
maximum dynamic muscular work is of important practical significance,
not only for spe~lalists of vanlous fields of applled physiolopy, but
also for clinlelsts, since 1t permits them to uncover concealed patho-
logy.

The test offered can be used in solving a number of problems of
space medicine of a general, as well as a particular, nature. The
followlng can be Included: clariflcation of mecharnisms of the orpanlsms!
adaptation to stress effeect during limited muscular load; an Investl-~
patlon of the posslbllity of predicting the development of physical de-
tralning 1n model experiments using various preventive measures and an

evaluation of thelr effectiveness; a comparison of data obtalned from

12




e T AT T T

100°0>T°2& T00'® T00°0> T00°0> T00°0> T00°G I00°0> T0°0> 200 > S0UsIIITd
£T-2+ T°l0T 221 TIT 0TI 01T ZoT 00T 6 L6°T + £°69 I93JY oG-
20 T+ 0°6. 64 il £ gl irl €4 Gl 0£°T + 2°E9 aqoJag
TOD G 9°G& 100°0> T0°0> TIO0°0> TOO'0> TO'0> T0°0> T10°0> 100°0 > S0USI3JJIq
902+ L°G0T £2T  goOT 20T G0t £0T g6 66 7L°0 + 8°89 2997y 2=
gg T+1°08 g 28 0g 08 gl Ll 9. 62T + 2766 aJd0Jag
U0+ 9w G0°0> TT0>  T°0<  T'0< T°0< T°0< TT0< 10 > 20UBIalIIq
7."2+#9°90T @8TIT OII 0T L0T Q0T 00T 76 Sh gz + £°14 I89IV
- oG+
Gh*g+c 06 56 06 06 16 68 38 88 9."T + 9799 aJdo0Jag
w 0T g 9 g £ 2 I uoT1IS0d potaad 3say
(S8gqnutii) UoT3aTSO4 IBOTIJIIA IB3UOZ TI0H UCT1BAISSQ0 pag

*uoTatsod £Apog (,9- PUB ,2-) OT3BISOYLJOTIUY
pue (,9+) °T3B3SO0U3J(Q UB UT 4S9y pag L2@-Qf ® JO uoTgasfdwod I33JY PUBR 910J3g 383
9T3B2S0UMJI( 9ATIOY U Jutang s3osfgns UT (UTW/S3BSQ) SUOT]oBIQUOY 3JJIBIE Jo Aousnbadad :4 STQRI

13



Earth experiments with the results of examinations of crew mrembers /19
during actual space flights in order to establish a correlation be-
tween them,

Test Procedures and Reglstered Indicators. The test is performed
on a veloergometer in the sitting position with the legs turning the
pedals at a constant speed (65 + 5 rev/min)., A load equal to 600
kgm/min during the first minute of the test 18 1increased 1in steps of
200 kgm beginning with the second minute and each succeeding minute
untll the subject reaches total fatigue, and 1s no longer able to
perform the work at the assigned rate (when clrcumstances indicate, the
test can be stopped at any point).

The following parameters are registered at a state of rest, while
performing the work and durlng the recovery period:

-- frequency of heart contractions and EKG;

-~ gascous interchange (consumption of oxygen and carbon dioxide
discharge);

-- minute ventllation of the lungs.

The reglstered and rated indlcators provide the possibillity of
completely evaluating the functional potentials of the cardlovascular
and resplratory system of the subJect, and to reach a concrete conclu=~
slon about his physical work capacity.

Since the load begins at a level of 600 kgm/min and 1s increased
in steps, a measured physical load of smaller intensity is generally
conducted before the test., Thls prepares the organism for performing
the heavy physical work. /20

In the opinlon of the majority of researchers, the change of hydro-
statlc pressure of organic flulds (particularly blood) and limlted mus-
cular actlvity serve as the chlef factors contributing to the deterior-
ation of the functional conditlon of the human organlsm after extended
stays in a welghtless state or under conditions of simulating a welght-
less state (bed rest and water immersion). Along with this, the =ig-
nificance of each of these factors in reducing the functional capaclties
of the organism, and partlcularly the cardlovascular system, has stlill
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not been sufflclently studled. ‘herefore, a comparison of dauata ob-
tained in a homogeneous group of subject.., before and after an extended
stay under condltions of ortho- and anticrthostatic hypokinesis 1s of
very pressing lmportance 1n clarifyling this problem. The absence of a
8tatistlcally meaningful intergroup difference in change of maximal
oxygen consumption and overall volume of work performed points to the
conclusion that the fundamental cause of detericoratlion of the organlsm's
functional condition 18 not the difference 1n change of hydrostatic
pressure of organic flulds, but rather hypoklnesis, Inasmuch as the
limitation of muscular activity was identical in all groups (Table 6).

Table 6: Change in Values of Maximal Oxygen Consumption and Volume of
Work Performed After 30-Day Hypokinesis Under Conditlons of
Orthostatic (+6°), Essentlally Horizontal (~2°), and Anti-
Orthostatlic (-6°) Body Positions

Group Max VO,, 1/min Overall Volume of Work
Performed
Before After % Before After 4
+6° 3.38 2.75 -18.6 9596 7993 -16.7
=20 3.30 2.59 -21.5 9134 6864 -~24.8
-6° 3.39 2.76 =18.6 9244 7736 -16.3

Thus, desplte certaln differences 1n the course of a number of
processes Iin Earth experiments, for welphtlessness, 1t should be ac-
knowledged that bed rest serves as an adequate model of welghtlessness,
permitting us not only to understand more deeply the essence of physio-
loglical restructuring that appears in the organism in the absence of
gravity, but also to develop effectlve means of prevention and rehabl-
litation. Primary importance in the change of physical work capacity
functional condltion of the cardlo-respiratory system in model experi-
ments should evidently be given to the degree and duration of the
1imitation of moving activity, and not to change the body position (in
any case, from +6° to -6°), with respect to the gravitation vector,

It 1s interesting to note the fact that in those experiments
where physical training was used as a preventive measure (regardless
of the presence or absence of other preventive measures), the subjects
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dld not complaln of shortness of breath durlng the veloergometric tests
conducted after bed rest. In the control experiments, however (dura-

tion from 14 days and more), the maln complaint after completing hypo- /22
kineslis during the veloergometric tests was acute shortness of breath,

In the background investigations, those adminlstering the test to all
groups as a rule stopped work on the velcergometer due to fatigue of

the thigh extensors. Shortness of breath could apparently be consi-

dered a sign of the development of detralning of the cardlio-resplratory
system as a result of limiting man's muscular activity.

In practically all experlments conducted, the average group maxl-
mum values of heart contraction frequency obtalned during veloergo-
metrlic tests before and after bed rest, were very close and gave evi-
dence of high stress of the cardlovascular system while performing the
work. In these cases, the maxlimum oxygen consumption and volume of
work performed serve as an excellent indicator of the restructuring »f
a given system's functional reserve.

ACTIVITY OF THE HUMAN HEART DURING SPACE FLIGHT AND WHEN SIMULATED IN /23
EARTH EXPERIMENTS.

Examlnations of cosmonauts durlng and after orbltal flight of
varying duration have shown that one manifestation of the unfavorable
effect ot welghtlessness on man's cardlovascular system may be the deve-
lopment of impalred heart activity.

An analysis of our observations and data published by our Ameri.
can colleagues permits us to outline the followlng most commonly ob~
served changes in cosmonaut's heart activity:

-~ lnecreased lability of pulse and lnadequate change of frequency
of heart contractions during emotional, physical, and gravitational
loads;

-~ a variety of impairments of heart contractlon rhythm in a
state of rest and under physical stress: bradycardia, ventricular
tachycardia, singular or multiple atrioventricular, atrial or polytope
extrasystoles and so forth;
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~= lmpairment of atrloventricular or intraventricular conductivity;

-=- change eof bioelectrical activity of the myocardium, heart tones
and phase structure of heart contractilon;

-=- change of configuration and decrease of the dimensions of the
heart's X-ray shadow.

During and after flight some cosmonauts complained that even
durlng moderate physlcal stress there appeared unpvleasant sensations
or pains in the heart reglons. The above-lndicated changed were more
clearly expressed while conducting load tests (work on the veloergometer,
the effect of ODNT, and the like), particularly when examined directly /24
after completing space flights, It should be emphasized that changes
noted in heart activity of cosmonauts thus far have, as a rule, been
of a functional nature and have not posed serious dangsers to thelr
health., However, the prognostic and sclentific significance of devia-
tions in heart activlity that have been revealed 1is, 1n our view, quilte
great, particularly slnce they have been very clearly expressed in ine-
dividual cases and have indlcated somewhat of a reduction in the con-
tractive functioning of the myocardlium and of the functional reserve
of cosmonauts' hearts.

In any case, there has thus far been accumulated a sufficiently
great amount of data attesting to thils possibility, at least 1in prin-
ciple, of impalrment of man's heart activity under conditions of space
flight, as well as the necesslty of conducting research directed toward
the study of the mechanlsms for the development of such Impalrments
and the search for the most practical methods of preventing and cut-
ting them short. In this regard, impairment of the functioning of
conductivity and heart contraction rhythm, perlodically observed in
Sovlet and American cosmonauts, warrants particular attention. The
etlology of these hecart contractions remains unclear at the present
tlme,

Earth experiments 1n simulating individual factors of space flight
and, above all, welghtlessness and hypokinesls, can offer substantial
help in solving such problems. In thils regard, there is great prac-
tical significance in the fact that, as shown by numerous experiments

shn Ib
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in simulating welghtlessness uslng bed rest and immersion, 1t 1s pos-
glble to reproduce, under Earth conditions, many 1impalrments of human /25
heart activity that are observed during and after space flight,

We have thus far conducted a great number of experiments using
antlorthostatic hypokinesis in which heart actlvity has been studled.
Changes have been revegled that are very similar 1n directlon to those
that take place durlng and after space flight.

These are chlefly varilous types of lmpairments of the rhythm of
heart contractions (sinus arrhythmia, bradycardia and extrasystolila),
change 1in “he myocardium's blolelectrical activity in a state of rest
and the appearance of signs of relative or absolute deflclency when
performing load tests.

In several subJects examlned directly after the experiments, the
signs of lowering the functlonal reserves of the heart during the load
tests were very clearly manlifested., This was an impailrment of the
biloelectrical activity of the heart attesting the hypoxia of the myo-
cardium and a strong 1mpalrment of the rhythm of the heart contractions
(slide 3, 4) culminating in a sudden stopping of the heart for 12 sec-
onds in one of the subjects during a test with ODNT on the 25th day of
antiorthostatlic hypokinesis. A comparative analysis of the data on
the influence of hypokinesis at various angles of tilt oin the heart's
bioelectrical activity has shown that the somewhat more pronounced
Impairment of the myocardium's functioning takes place only 1in exper-
iments of relatively small duration (on the order of 1-2 weeks), i.e.,
during the "active adaptation” perled. 1In more prolonged experiments,
(30 days or more), the dilrection of changes and the degree of their
expression was practically ldentlecal. Thils l1s apparently linked with
the dominant influence of hypokinesis as such, and with the fact that
even during hypokinesis 1n a horilzontal positlon there l1s a certain
redistributlion of blood in the vessels of the upper half of the body.
The difference ln the depree of redistributicn of blood brought about
by the angle of body tilt of subjects againsv the background of the
entire process of detraining of the cardiovascular system probably rdoes
not play such a substantlal role in the development of the observed
changes of the myocardium's bloelectrical activity.
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As an example, we might offer data obtalned during a 30~-day ex-
neriment, during which 18 persons were under constant hypokinesis in
various body positlions. The subJects were divided into four groups of
slx persons each., The angle of tilt of the subjects in groups 2 and
3 was equal to =-2° and -6°, respectively (antlorthostatic hypokinesis)
and those of the flrst group were at +6° (orthostatic hypokinesis).

A fourth group of subjects (6 persons) served as the control. These
persons were in a normal, customary routine of movements.

The 1llustration shows the amplliude of peaks T, reglstered 1in
these subjJects in a state of rest before (white columns) and after
(dark columns) 30 days spent under the described experimental condi-
tions. PFrom this 11lustration, it can be seen that iIn subjJects who
were in hypokinesls at varlous tilt angles, the degree and directlon
of changes 1n the peaks T were approximately identical. In subjects
of the control group, changes 1In the amplitude of the peaks T over the
same pericd of time were practically absent, permitting us to asso- /27
clate the observed shifts with the effect of the experlimental factor
under study.

Naturally, the neutralized data presented in the illustration
reflects only the general direction of the change of amplitude of peaks
T during the experiment, lnasmuch as the degree and locallzation of the
changes is characterized by a certain individual dispersion: from a
moderate reduction of the amplitude of the T peaks in all abductlons
to a considerable one - primarily 1in abductions characterizing the
condition of the myocardlium of the left ventricle. In several sub-
Jects, a conslderable lowering of T peaks was accompanied by thelr
deformation and the formation of the TYl TY6 syndrome, baslcally due
to depression of the T peaks in the left precordial abductilons.

As regards the other parameters characterizing man's heart ac-
tivlity under conditions of hypoklnesis (for example, indicators of the
myocardium's contractive functiloning, heart chamber, volume, ete.),
the change, in a number of cases, depended on the angle of tilt of the
body of the subjJects during the experimental period. However, in view
of the relatively small number of observatlons, the final establish-
ment of thils regularity requires further research.
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It should be noted that, as during hypokinesis iIn a horilzontal
position, the impairment of the heart actlvity of the subjects in the
experimental groups after completing bed rest was more clearly ex-
pressed while conducting load tests. Whlle conducting orthostatic
tests and the ODNT (~40 mm mercury column for 10 minutes) at the
helght of loads, there appeared EKG changes, characterlstic of rela-
tive or absolute hypoxia of the myocardium - predominantly of the left
ventricle of the heart. 1In a number of subjects, there were unpleasant
or palnful sensatlons 1n the heart regions, and a pronounced impalrment
of the rhythm of heart contractions, as well as conduction function.

It i3 characteristlic that the development of the above-indicated
impairments of the subjJects' heart activity took place against the /28
background of a lowering of the cardlovascular system's functlonal
potentials as a whole, Durilng an examlnation at the end of the exper-
imental period, all subjJects were less able to undergo both functional
loads; difflicult subJectlve passages of test, more pronounced change of
frequency of heart contractions and arterlal blood pressure, more pro-
nounced reducztion of systolle output and so forth.

In contrast to the background perlod, in nine subjects of the
gxperimental groups there was noted after hypokinesis an extreme

lowerlng of reslstance to the functional tests - the development of a
pre-=collapse or collapse state. In slix of them, this occurred during
both tests,.

It should be emphasized that when conductlng Tarth models of ex-
periments in a number of cases the degree of lmpalrment of the aetivity
of the heart was more clearly expressed than during and after orbital
flights, going as far as focal hypoxla of the myocardium and briefl
asystolia of the heart while conducting the load tests. In indlvidual
cases, the appearance of changes 1n the bloelectrical activity of the
myocardium (lowering of the amplitude and change 1n the form of the
extreme part of the EKG ventrical complex) was accompanied by the
appearance Jf pains in the heart region and other clinical signs of
impalrment of heart functioning.

The relatively great degree of impairment of heart functionlng
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in Earth experiments is, in our view, associated with the more "strict" /29
selectleon of cosmonaut candidates and with the fact that various pre-
ventlve measures are constantly used durilng space flights, Including
making up for the lack of movement. However, this may be caused also

by the incomparable smaller number of observations under condltions of
actual space flight, particularly prolonged flights. The lat -~ "railses"
the probability of developing similar (more serious) impairmeni. Auring
and after orbital flights. This 1s all the more true, since the com-
plexity of the sclentific programs of space flights has made it vital

to have hipgh-class specialists on board orbital stations. The average
age of these specialists in recent years has been 40 years and more,

and thls Iln itself has considerably increased the risk of cardlovascular
impairment.

Thus, up to the present time a certain amount of data has been
accumulated that attests to the urgency of tre problem of findilng
means of prevention and treatm2nt of lmpalrments in the heart activity
of humans during and after a space flight. Naturally, the solution
of this problem 1s lmpossible wilithout the development of observed im-
palrments, At the base of these lmpalrments apparently lie such factors
as general lack of conditioning of the cardiovascular system, hemody-
namlc shifts, chronic stress and restructurlng of the interchange pro-
cesses of cosmonauts' organisms,

Which of these factors 1s domlnant 1n the development of obser-
ved devliations in cosmonaut's heart activity has not yet been fully
established. To a conslderable degree, this is linked wlth the rela-
tively small number of observations (particularly in prolonged flights)
and the limited technical potentials for cardiologlcal examinatlon on
board orbiltal stations, for instance, due to the strict weight re-
qulrements for on-board scientiflic medlcal research equlpment and the
absence of a medically-trained researcher. /30

The development of optimal treatment and preventive measures
1s to a conslderable degree impeded; because to this day there remailns
doubt as to what degree the observed changes 1n heart functioning are
caused by impalrment of coronary blood clrculation, and to what degree
by a change 1in the myocardium's metabolism.
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In lipght of what has been sald, the necessity of intensifylng
sclentific and research work on the Influence of space flight factors
on human heart activity becomes apparent. We feel that a number of
questions can be answered only while conducting Earth experiments,
where there 1s the opportunity te study the intricate mechanisms of
heart activity impalrment under weightlessness slmulation, using
modern methods of cardiological examinatlion that are incomparablvy more
informative than "on-board" ones,

Thus, the experlments conducted have shown that, for reproduclng
the circulatory disorders that arise in a welghtless state, as well
as after completion nf a space flight during re-adaptation to Earth's
gravity, antlorthostatic hypokinesls 1s a more adequate experlmental
model than bed rest 1n a horlzontal body position,
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