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Nature of functional disorders developing as a consequence
of changes in blood redistribution during space flight and
characters of reflextory responses associlated with space flight

.conditions are key-questions of space physiology in our days.

During periods of adaptation to weightlessness and post-
flignt readaptation to the earth gravity, working capacity of

. space crew members often decreases in a troublesome extent.

In an attempt to eliminate unfavourable factors decreasing
working capacity it is necessary to develop complex non-

: invasive methods of investigation which can be used in the

most different situations for a right assessment of health
condition of astronauts /1l/.

Materials and mwethods

Our investigations were performed in 20 healthy pilots
aged 22-34 years.

Initial values were registered on a tilting table during
10 minutes. Then changes in PO, of capillary blood were
measured by a noninvasive tranScutaneous oxymetry on the skin
of forehead, chest and leg in orthostatic position during 20
minutes according to the criteria of gassive orthostatic test

,and in a Trendelenburg position of 30" during 6 minutes

according to the-'criteria of passive antiorthostatic test.
Measurements were performed by 6 Hellige Servomed Oxymonitors.
idiniaturized Transoxode electrode of the instrument with a
constant heating indicated capillary blood PO, changes through
tne skin witn normal blood supply. Relative chianges of heating

. capacity needed for maintaining a constant temperature gave

w

also an indirect information about the perfusion of the skin
surfaces involved.

To follow cardiovascular reactions we have recorded and
analysed simultaneousely electrocardiograms in 12 leads,
carotis, femoralis and radialis pressure curves and their
derivatives, phonocardiograms, noninvasive systolic and
diastolic pressures, averaged and bip to bip pulse and respi-
ratory rates.,
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In order to ascertain changes in cardiac contractility we
have determined systolic part-times and their indices corrected
and derivated by Blumberger and Weissler. A precise evaluation
of hemodynamic changes was performed by registration of changes
in stroke volume and cardiac output using a method developed
by Bremser-Ranke [2-20/.

Changes in vasoregulatory functions and volume loading in
systemic circulation were revealed by measuring pulse wave ve-
locity changes in a myogenic arterial segment /left ventricle-
radial artery/ and in an arterial segment of elastic type
/left ventricle - femoral artery/.

In order to clarify what changes occur in the cerebral bio-
electric activity in response to the changes of systemic
circulation, we have recorded electroencephalograms in 12 leads
during all the period of the experiments. Vestibular disorders
were identified by electrooculograms in 2 leads with following
analysis of nystagmoid eye movements. [Fig. 1/
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Results and discussion

In orthostatic position PO, measured on the skin of fore-~
head has shown a minimal decregse in the first 10 minutes.
After 10 minutes it was seen a marked increase and then a
repeated decrease, In antiorthostatic position a moderate
increase was recorded.

PO, determined on the
chest ﬁas shown a minimal
increase in the 5th minute,
after which no changes
could be observed.

PO, measured on the
skin o% the leg increased
progressively in ortho-
static position while in
antiorthostatic position
has shown a pronounced
decrease [Fig. 2/.

Available materials

POg CHANGES

- CRTHOATARE 0N TN n-v".’mrmurf o
Milles © Y T R S F e give evidence that PO2
values correlate well“with
Fig., 2. capillary blood oxygen
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saturation levels /21, 22, 23, 24, 25/. As in our experiments
all subjects were in similar conditions from the point of view
of oxygen supply, there are grounds to believe that changes
observed are related to the changed circulatory conditons.
Transcutaneous oxymetry proved to be a useful method for
measuring cutaneous circulation differences associated with
gravitational changes resulting from different postures.

As known, activity of baroreceptros perceiving volume
loading in limb circulation surpasses activity of other
receptors /e.g. thermoreceptors/ regulating cutaneous circula-
tion /26/. Thus, from our findings it can be drown conclusions
about intensity of limb circulation. PO, values measured at
the rest in the different parts of the “skin were different.
These variances occur presumably as a result of the different
structure of the skin, of variances in thickness and fat
content of subcutaneous tissues and in proximity of great
veins [27/. These variances are also responsible for the indi-
vidual differences seen in subjects involved. Instability of
values measured on tne skin of forehead speaks about the
strong vasoregulation of the head which might be interpreted
as a signe of redistributing process aimed to majntain the
crebral blood flow at a constant level /[28/. PO2 and blood
flow respectively on the opposite body end i.e.“on the leg
follow rather passively the distribution differences induced
by cnanged gravity conditions, With the use of a new method,
our investigations gave further evidence of regulatory function
of gravity in blood distribution.

A statistical analysis of data obtained in subjects with
optimal cardiorespiratory reactivity and high tolerance to
overloading was performed /29, 30, 31/. On the electrocardio-
grams of the subjects involved no defects in excitation and
conduction were observed, normal repolarization and depola-
rization processes were seen, Fig. 3 shows optimal pulse and

y respiratory reactions., In
ortnostatic position we
— crnas w ruias e have found tachycardia
e while in antiorthostatic
position bradycardia.
Resplratory rate shows a
moderate decrease in ortho-
static position while an
increase in antiorthostatic
position.

Fig. 3.

Pulse pressure values show a decrease of 30% in orthostatic
position. In antiorthostatic position pulse pressure becomes
normal and then increased /Fig. 4/.

On the basis of the systolic part-times, adequate contracti-
lity reactions were noted. In orthostatic position we have
sean lengtnening of PEP and shortening of LVET while in anti-
ortnostatic position these parameters became normal and then
presented changes in the opposite direction /Fig. 5/.
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Fig, 7.
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Analysis of electroencephalograms indicates changes in the
cerebral biocelectric activity resulting from hemodynamic
changes. A tendency to desynchronization can be seen both in
orthostatic and antiorthostatic positions. This tendency is
more pronounced in antiorthostatic position /Fig, 9/.

FPig. 9.
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Amplitude analysis of wave frequencies of 6-13 Hz indicates

that the greater changes occur during the first minute of the
tilting into orthostatic position /Fig. 10/.
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Fig. 10. )
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On the basis of the analysis of electooculograms it can
be concluded that under antiorthostatic conditions frequency
of macroscopic bulbar movements increases even in healthy men
with optimal reactivity and afterwards nystagmoid eye move-
ments appear. In response to orthostatic loading no changes
of this type occur. This suggests that hemodynamic changes
induced by changes gravity have an effect of vestibular
stimulus even in subjects without vestibular supersensi-
tiveness.

Conclusions

1/ our investigations give evidence that the noninvasive
transcutaneous oxymetry offers objective data for estimation
of changes in oxygen saturation level in different posture
and contributes to a better assessment of the tolerance.
Relying upon our experience noninvasive transcutaneous oxy-
metry seems to be an appropriate method to follow hemodynamic
changes occuring in response to weightlessness on the board
of a spacecraft and to evaluate effectiveness of methods for
preventing unfavourable changes.

2/ On the basis of our complex investigation it can be
concluded that both orthostatic and antiorthostatic loading
induce substantial changes in the circulation, but from the
point of view of the functional damage antiorthostatic
loading represents a more serious adverse factor as it 1s
evidenced by our electroencephalographic and electrooculo-
graphic studies. This suggests that hemodynamic changes -
in addition to others - play an important role in the patho-
mechanism of vestibular disorders caused by weightlessness.
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