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A high level of functional efficiency of i
cardiovascular system is essential for spl
flight. The considerable increase inG fof
during launching, the weightlessness durdi
orbital flight and the physiological rﬂud[
ments during re-entry are the main st'r"a'
affecting the cardiovascular system. Hangi
its evaluation,special emphasis is laid on rulil
out any underlying heart diseasa, by a throl
clinical, biochamical, radiological and el
cardiographic examination. ECG at rest andd
stress testing are specially useful. Egl
cardiographic examination has been extrel |
useful in the diagnosis of IHSS, MVP
bicuspid aortic valve which could have b
undetected sarlier.

Introduction

Man's conguest of space, at one time considy
an impossible dream. became a reality in 1961 §
Yuri Gagarin became the first human in space, |
than a decade fater In 1969, man first sat f
the Moon. This has been followed by spec
achievements in space exploration during t
decade.

!
These axciting feats have been possible -
through tremendous technological advances
they have also demonsteated man’s inheren
ability and his ability with adeguate traini
withstand prolonged exposure to adverse sh
such as sncountered in space flight. This
demands careful pre-selection of candida
able for Space flight, as & high level of fung
aefficiency of various organ systems is reqguin
cardiovascular system is one af tha wvital
systems whose Iintegrity is paramount, and a he
cardiovascular system is a pre-requisite far B
to the type of stresces met within space flight.,

The succeeding paragraphs  will  outling
evaluation and assessment of the cardio
system and the reguirements for a sucoessfu
date for Space flight.

Adverse stresses during Space flight

" .II
There are many problems related to the phl



yof the cardiovascular systems which have dirsct
it on the functioning of the circulatary system.

ng lauriching

A considerable amount of anxiety is oxpected,
gh will augment tha sympathetic phase of neuro-
iir.'.-- gontrol of the circulatory system. As the
i built up, @ large G force is applied on the
1_5,&-, with peaks as high as B-10 G. Cardiac
seelaration will be increased, with some impair-

it of respiration.

At the end of the first stage ot flight, G force i5
diy diminished lor a short period, thus allow-
_yagotonic rebound phenomenon and brady-

a0 neour,
fier 1o reaching orhital velocity, Two more stages

sure 1o relatively large G loads #re expectad.

g Space Flight

yenvironment in outer space is characterised
atlve weightlessness owing to the relative
s of aravitational force. This causes redisti-
of bloed volume which, in susceptible indi-
els, may cause excessive stimulation ot the
id sinus with significant alteration in cardio-
This produces brady-

axtended space {light prolonged confinement
ative immobility are expected through  de-
] ,' ing 1o adversely influence the cardivascular
Ortho-

he cardiovascular system has 1o readjust 1o
al forces from a weightless state. Other

*E:-:‘é_‘_"qj_r_iatiun and hypoxia.

lﬁxﬁeﬁanca has been gained from detailed
[::E:- t-1light evaluation of varicus space pro-
5 such as the Apollo and Skylab missions.
{ @emple, stress tests conducted on Apolio

nauts on theit return to aarth showed reduced

s tolerance characterised by pronounced
dis and decreased stroke volume. These

offects were transitory. The Skylab astronautls
demanstratad reduced cardiac output post-flight and
the alterations lasted a longer time,

These findings re-emphasise the need for @

daetailed evaluation of candidates for cosmonaut
training and rejection of individuals with cardio-

vascular problems.

Evaluation

Cardiovascular system evaluation for Space flight

must include :-

(i) Detailed clinical examination

(i) Biochemicsl tests/Hamatological tests
(i) Radiological examination

{Iv) Electrocardiography

(a) Resting
{b) After Stress tests

{v) Tilt Table studies

(vi} Echocardiography

(i) Clinical examination

General examination is carried out with em-
phasis on blood pressure measuremeants, aguality
of pulses and weak or delayed pulses, ab-
normalities of the jugular venous pulse, ab-
normality of arterial pulses, prasence of
wanthoma/xanthelasma, premature corneal arcus.

individuals with coarctation of aorta will have
been eliminated at preliminary medical gxamina-

tion.

An important cause of inequality of pulse and
bruits heard over vessels is aorto—arteritis. The
condition is progressive and may be missed in
early stages.

Candidates with persistently elevated basal
bicod pressura, even if controlled with treatment,
are unsuitable for astronaut training owing to
their inability to cope adsquately with changes
in G forces and posture.

individuals with irregular pulse should be
evsluated in conjunction with electrocardio-

graphic findings.
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The presence of xanthoma/premature corneal
arcus should lesd to a search for other coronary
risk factors like abnormal lipld profile, diabetes
mellitus ete.

Examinetion of the heart

The heart should not be enlarged. Si and Sa
should be normal. An S: may be physiological
in & younger sub ject but the presence of Si or
8¢ in older individuals should lead to 8 search
for possible organic heart disease.

Structural congenital abnormalities of the
heart such as Atrial Septal defect, Ventricular
Septal defect are rejected.

Short, soft pulmonary systolic murmurs when
unaccompanied by clicke or any alterations in
second sound, and with normal ECG and chest
X-Ray are likely to be innocent and hemao-
dynamically insigniticant. Apical systolic mur-
murs are invariably organic, as also are all
diastolic murmurs.

Speclal mention must be made of three condi-
tions which are a cause for rejection and can be
picked up during careful auscultation of the
heart but may have been missed during initial
medical examination. These are :-

Hypertropic cardiomyopsthy or [H.5.5,

This is: suspected when the pulse is brisk,
spex forceful and there is a systolic murmur at
the left sternal borderwhich may vary in inten-
sity, becoms prominent on standing, and in-
audible on isometric hand-grip. These indi-
viduals are prone to syncope and sudden death
may occur.

Congenital Bicuspid Acrtic vaive

This abnormality is present in about 2", of
the general population. |ts presence is suspect-
ed by an Apical ejection click and & basal
systolic murmur.. When the Aortic stenosis is
insignificamt, the clinical findings may be miss-
e8d on a casual examination. However these
individuals are prane 1o infective endocarditis
and to progressive aortic stenosis.

Mitral Valve prolapse

This conditicn is being increasingly recognis-
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ed in recent years and is commoner than  wi
thought aearlier.

These individuals are prane to various _+."g'.
cations including arrhythmias, infective ends
carditis, mitral regurgitation, transient cerehis
ischemic episodes and aven sudden ceatl |5 i
ported. The clinical findings of a non-ajecti
systollc click and murmur at the apex miy b
over looked by the unwary examiner and may‘r'-
detected only on standing. Echocardiagrapy
provides an excellent means for  accurt
diagnasis,

(i} Hematological/Blochemical tosts

Al

In as much as they pertain to the cardiovasd
lar system, the following tests are important j=
Lipid profila—The abnormal elevation of chalie
terol and triglycarides in the blood constitutesif
important coronary risk factor. '

Hyperuricemia—Besides being a risk |
sudden incapacitation can occur during fligh
due 1o acute gouty arthritis,

Anaemia— This should be investigated and o
rected before acceptance. 1

Diabatas Mellitus|Abnormal Glucose Tolarans
This Is a well known risk factor for IHD and |
& causa for rejection in its own right.

Raised ASO titra—This is an indicator of n
streptococeal infection, and a persistant
shaould alert one about the possibility of rhaul
tic activity, particularly when anti-hyaluronid
titre (AHT) and ADM ase B titres are also el
ed. Values upto 333 units (Todd) for ASQ 1
may be considerad normal faor our population,

i} Radivlogical examination
Tha following aspects should be looked inru"_

Cardio-thorseic  ratie—Cardiac anlargs
should lead to the suspicion of chamber enlal
ment or hypertrophy, hypertensive haart dise
pericardial disease or myocarditis. The I&l{gr:
fallew mild or inapparent viral infections of
respiratory tract.

Enlargament of pulmonary artery shadow=Ti
may recult from pulmonary hypertension or gl




‘monery stencsis or a left to right shunt.

Pulmonary venous hypertension which may result
from mitral stenosis and which may have bean
‘missed on cardiac auscultation.

() Electrocardiography

Electrocardiography forms an imporiant investi-
lgation in the assessment of the Cardiovascular
Savetam, While a novmal elecirocardiogram does

ot exclude organic heart disease, an individual
‘with an abnormal record must be thoroughly
investigated.

Unequivoral electrocardiographic evidence of
tonary artery discase precludes fitness for
aut duties. A stress test, either on multi
treadmill or on bicycls #rgometer s per-
ad on all Individuals and those with & posi-
itest are considered unfit. Stress test can
be repaated after exposure to high altitude,
ated in a decompression chamber.

\ndividuals with obvious right or left ventricu-
Jar hypertrophy are unfit.

\Conduction disturbances—The following con-
duction disturbances should be considered as
Janfit lor astronauts training :-

{a) Gross first degres, or 2nd and 3rd degree
Atrio-ventricular block.

1
{b) Left bundle branch biock
(¢} Bifascicular or trifascicular block.

{d) Complete right bundle bracch block.

 Individuals with incomplete REBE or with
Uy pattern in Va1, with normal QRS duration

ba considered it if there is no evidence
heart diseasc clinically and if stress tests
; normal.

T
Ak

- :
Mild degrees of PR prolongation (0.20 to
22 sec) with a normal stress test response
absence of heart dissase are likewise

axcitation syndromes s g Wolil-Parkinson
syndrome (WPW) or Lown— Genong—
Syndrome (LGL) are a disqualification
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for astronaut training since these individuals
ara prone lo bursts of supraventricular tachy
arrhythmias.

Cardisc arrhythmias—Analysis of the data
obtasined from monitoring of tha Apollo
astronauts during space flight tevoals that,
despite strict pre-flight evaluation, astronauts
were prone to develop extra systoles including
bigeminy and frequent ventricular ectoplcs.
One of the astranauts had a heart rata of aslow
as 28 beats per minute during flight. As slch,
when arrhythmias are detected during initial
evaluation, a detalled and critical assessment
must be made.

Sinus arrhythmia is a normal finding and
does not disqualify.

Parsistent sinus tachycardia should be
investigated further.

Individuals with marked bradyeardia, escape
beats, wandering pacemaker, sinus pauses,
and sinus arrest are most likely candidates for
“Sick Sinus Syndrome” and sinus node dys-
function, and should bhe rajected. Soma of
thess subjects may have runs of tachy arrhyth-
mia as well. {Tachy-Brady Syndrome.)

Occasional premature beais need not be a
cause for rajection but where the ectopies arg
frequent, multifocal, parasystolic or occurin
couplets, thare is a serious danger of atrial
flutter-fibrillation, or of venuicular tachycardia
and fibrillation, and such applicants must be
rejected. Individuals with documented supra-

ventricular tachycardias should similarly be
considerad unfit.

Vector cardiography—may be required to
elucidate certain ECG findings such as sus-

picious inferior wall infarction of bundle branch
black.

(v) Tilt table studies and response to G forcas in
human cerlrifuge

These lesls are an essential part of the evalu-

ation of the cardiovascular system, since as

already brought out, the estronaut is subjected
to variable and severs G forces during flight, and

tc postural changes. Individuals with postural




intoleranee are prone to developing syncope,
and should be rejected. From the Apollo missions
experience il has besn ssan that Orthostatic
tolerance is found to be diminished during past
flight sxamination even in apparently fit indi-
viduals.

fvi] Echacardiography

The availability of Echocardiography including
2-Dimensional real time Echo has added a new
dimension to the non-invasive assassment of the
cardlovascular system. This investigation is in-
valuable in the evaluation of chamber enlarge-
ments, pericardial disease, valvular disease and
congenital intra cardiac shunts. It Is particularly
useful in the diagnosis of Hypertrophic Cardio-
myopathy, Mitral Valve Prolapse, and Bicuspid
Aortic valve with or without stencsis. More
importantly, the fitness of some doubtful cases
can be favourably decided upon after Echocardio-
graphy, without having to resort to invasive
hemodynamic studies.

Conclusion

Forming &s it does a vital link in the Asro-
medical aspects of man‘s conquest of space, a
detailed and careful evaluation of the cardiovascular

system will go a long way in ensuring success of
the Space mission,
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