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to establish
of borderline cases of ECG abnormalities in an nthes-

wise fealthy individual,

Study of Apexphonocardiogram and Carotid Pulsation
during Short Term Hypoxia in a Decompression Chamber

PAMNKAJL TYAGI

PRE TR et e R e e L R A

Sevan  nonmal  subpects  were  studied  to
datariming the effect of hypoxia st 15000 fr for 45
mites,  Simultaneous recordings of ECG, apexpho
nocardiogram antl wxternal carotid pulse ware taken
at ground level, st 15 munutes intervals st sltitude
and o feturn to grouad fevel.  These were canducled
o asiess individual’s vardiovascular responses during
various slages of adfustment ol exposure o shart

duration hypoxia,

A rise i heart rate and fall in LVET was noted
immediately on ascent to 15,000 ft. By 30 minutes of

“stay the heart rate showed a tendency to fall from

initial  rise while PEPIVE! ratio increased. Hesnt
rate increased again, and PEPUVET ratio showed a fall

By 45 minutes stay at aittuds suggesting 2 cyelic
pattern, Possifile causes of these changes have besn
discussed.  Fuither studies have been recommandsd

for azsessment

range of nurmalcy

e e e A A — e

Short teri hypoxia has often bean used as a

 slress to determine cardigvascular performance in 2
subject.

Reduction in arterial oxygen tension dus to
hypoxia initiates & numbezr of refllex compensatory
mochanisms, which are not found adeguate in clinical
or preclinical disesse conditions. Though various
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invasive and non invasive techniques hava haen used
to assess cardiac function under hypoxia, the lattar
is preferable as it does not alter the basic physiolagl-
cal conditions.  Moreovar, thay are sasily acceptablo
1o the subject under study.

Cardiac activity during rest of under stress in-
valves machanical, electnical as well as acoustic ener-
gy. Whila ECG providas slactrophysiological
status of the heart, other parametars must be simulktan-
gously recorded to assess the associated mechanical
functions. These can bo easily undertakan by non in-
vasive technigues like recording of phonocardiogram
(PCG) and extermal carotid pulse (ECF). Al tiizss
paramaters taken togsthar help in determining the
systalic time intervals (STI). Measurement of STis
2= inyoduced by Weissler et al ® " is currently being
extensively applied for avaluation of left ventricular
fupnction.

thea

Among servica population and specially in air-
crew, maintenance of optimal health and efficiency is
essential to meet the various stresses normally
encountered. Mild degree of hypoxia 1s commaonly met
with during flying and even by the ground craw when
they are stationed at high  altitude. Thus normal
response 1o hypoxia and physiclogical compensation
are gssential for healthy subjects. Besides, preclini-
cal cases of ischaemic heart disgase have offen been
detectad from ECG studies under stress of hypoxia
{Levy's test) or by exercise (Master’'s lest) or both
{Khanna’, Kirchhoff®).
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Though ECG is used 10 determine the normality
of inteqrated heart action and ils response to antici-
paled or increased bodily need for greater minute
volume flow of blood (Brooks®), it is by no means
perfact. The specificity and sensitivity of ECG has
still remained controversial (Black Burn', Chaterjee
al al', Hpoon'.) Thus a false negative diagnosis places
the aviator at a serious risk while lalse positive diag-
nosis is a costly error loss of a trained
pilot for operational flying.

in tarms of

Simulaneous recording of ECG, PCG and ECP gives
additional infermation about the mechanical activity
ol the heart besides the electrophysiological status,
which should contribute in better assessment.  With
this In mind the present work was conducted to study
the left vantricular function with the help of S5Tls  in
healthy normal subjects at ground level and under
the stress of shart 1erm hypoxia at 15,000 ft simulated
altitude and also to corroborate whether such findings
could ba compared with the range of normalcy vndar
resting conditions found by other workers.

The study can be extended to dalerming bardar-
line cases as abnormal, if they show results which
ara beyond the accepted ranga under hypoxia.

Material and Methods

STls were estimated in seven youna, healthy male
volunteers in the age group 26-32 years (mean 288
yrs). All the measurements were racorded after break-
fast, in hypobaric chamber. The subjecis wers not
allowed to smcoke and had ingested no drugs duning
the entire study. The nature ot the procadure was
gxplained to them. Maost of the subjects had previous
experience in decompression chamber. Il subjects
wers examined meadically and were found 1o bs «lini-
gally normal and fit to uniderlake decomprassion cha-
mbear test, Recnordings were made with subject in a
supine position, with head slightly raissd by ans
pillow, during quiet normal! breathing.

Simultoneous tracings of the slectrocardiograms,
phonocardiograms and carotid artery pulsations were
racorded using & Grass-model 5D-8 channel direct
writing polygraph at a paper spead of 100mmisec.

{Fig. 182},

Test Protife !
Subject and observar were expossd fo higher
altitudes in & hypobanc chamber.  After a prefiminary
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ear clearance test, the chamber was raised at tha rate
3000 ft/min and was |eveted off at 15000 ft for 45 mi
The dascent was then made at a rate of 3000 ft/m:
Simultaneous tracings of the electre
and sxternal caroti

ta ground lavel,
cardisgram, phonocardiogram
pulse ware recorded at @ —

(al ground  level prior to  ascent (base |in

racard),

i) at altitude of 16,000 ft immediately on al
tude ascont and at 16 min imervals (0 min, 1% mir
30 min and 45 min),

(o) immediately on return 1o ground  leval an

daftar 15 min

Care was taken to ensure that subject was breathin
normally during tha racording.

Measuring Technigus
Standard 12 laud ECG was ru::qrir
ded at initial ground level and at the altitude o
15.000 fr after stay of 45 min at papsr  speed o
25 mmyisec. Standard lead | was recordsd  simulty
ngously with phonocardiogram and external carotid
pulse

Electrocardiogran.

Phaonacardiogram.  Sanbarn Model 62 was used ty
record phonocardiogram.  Qutput of this was connets
ted 1o the plug in unit model 5 PIK of Grass polygraph
far direct recording on papar.  Microphang with
{unnel pick up was placed at the region of apex b\,]
on the precordium with the help of suitable steap,

Externat carotid putse.  Right carotid arlerial pulsal
tiuns ware recorded using funnal shaped plastic p]!;
up with internal diamstar of 3 cms, and held in pnsi
tion with a suitable strap. |t was connected to Grash
volumetric pressure transducer PT 54 by a plast
tube less than 16 inches in length and polygragh unf
5PIK

Blocd Fregsurs. Blood pressure was racorded mandall)
by the observer using anacroid type of sphygmoman
metar. Blood pressure recording was done just pri:
ter the multichannal recording of ECG, PCG and [

Measurement of Paramiefers

(#) Total alsctromechanical systole (QS2),
interval frem the onset of ventricylar depaolarizatiog
to the first bigh frequency vibrations of the senon
heart sound,

AVIATION MEDICING
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gjection time (LVET) mea-
upstroke of tha carotid

(b) Left ventricular
sured from the nnset of rapid
pudse to the nadin of the diciotic notch,

(c) Pre-ejection pericd (PEP), calculated by
the equation PEP — Q52 LVET

The average of each of the above mentioned
paramelers was calculated from 10 consecutive cardiac
eyvoles,  Indices correcting the data for heart rate wers
calouloted using the regression puatlion sugygested by
Lindguist et al® for resting condition

FEF Index {(FEFI) = PEP + 044 HR

052 Index (QSZE]) as2 - 1.85HH
LVET Index (LVETI) LVET { 1.42 HR
The PEP/LVET ratio was calculated from the

uppropriate values uncorrected Tor hoart rate.

Significance of ditference was svalusted using
the paired ‘t" test,

Besult and Discussion

Muoderate hypoxia of short duration usually lsads
to physiolagical compensation accomplishad by altara-
tions in cardiovascular dynamics. The responses to
reduction In artérial oxygen tension result from an
imteraction of its direct elfects on the hearl and vas-
cular bed and its indirect effects mediated through
nerves of humaoral mechanisms or both. Hypoxia
affacts the circulatory system ina manner analogous
to physical exertion and the physiological basis is

simnilar.

In short duration moderate hypoxia the cardiac
output is raised mestly by an increased hean rate.
This is also associated with a fall in peripheral vascular
resistance. However a differential  vasoconsiriction
exists which helps In maintaining adequate hiood
supply to the vital organs. These changes are sffacted
through the cardiosccelsrator centre,  petipheral
chemoreceptor activity and symipathetic/parasympathe-

tic interplay.

Lowered arterial oxygen tension. leading 1o
hypocapnia and alkalosis prompt the adrenergic res-
panse by stimulating adrenal medulla, sither directly or
through sympathetic activity or both,  Epinaphrine
and norepinephrine ars presen! 1o some extent al all

24

times in vascular system. Their levels in most cas
reflect the degree of physiclogical reaction by 1l
arganism to a stimulus, being increased during - stre:
and diminished in times of relative calm,  Individual
response with regard to blood pressure is influence
by the ratio of norepinephrine to epinephrine.  Epine
phrine produces vasodilatation in skeletal muscle
heart and liver cousing an overall decrease intol
paripheral resistance. The effects of catechalamine
an tha machanical performance of the hesrt resul:
mainly fram therr direct action on individual muse!
fibre leading to increase in the rate as well as s
force af contraction (positive chronotropic and inotr:
pic eftects). As a resull, rate of rise of intraventriculs
prassure 5 markedly raised, the systolic gjection rats
are ncreascd, the systalic ejrction pariod s shortone
and systalic smptying becomes more complats.

Rise in heart rate was noted immediately o
ascent to 16.000 . (11 beatsimin} which was [oune
statistically significant {(Table 13. By 30 minutos o
stay the heart rate showed a tendency to fall fron
initial rise though it raturned to higher rate by 4F
minutes. While @52 and PEP showed no changes
LVET reduced at @ min, 30 min and 45 minutes stay
at altjitude. PEP/LVET ratio increasad significantl
after 30 min stay at altitude.  Systolic blood pressure
was found raised in all subjects at all stages and this
rise was statistically significant. Diastolic blood press.
ure fell at 30 min and 45 min intarvals. Thesz changas
in blood pressurs indicales epinephrine predominan
response.  The above changes in 5Tls which wers
within established normal limits (Table I1) were mainly
due to aitaration in heart rate. becauss LVET] PER
and 3521 showed no significant changes during the
2xposurs 1o hypoxia. Cardisc output was raised during
this period as indicated by maintained meaan artarial
wressurs, whils associated with decreassd peripheral

resigtanca.

An inverse linear correlation has been demaons-
trated between PEP/LVET ratio and the ejection frac-
tion (Stroke volume/end diastolic volume),  After 30
minutes exposure to hypoxia PEP/LVET ratio has incr-
rasad significantly (P < 0,05}, thus showing a
decrease in gjection fraction, At the same time LVET
has also reduced significantly (P < 0.01) showing a
decrease in preload or end diastolic volumes.  Hence it]
is possible that the fall in gjection traction was due ta

AVIATION MEDICINE




TABLE—|

5‘ r f ﬂd f N fnronco ] P rameaeters af 7 f ' Fl a
-Ilr A ce o &8 e iy a SRR &.GGG [ A ke
T can L £ & CE T ] ciatid

wer Retuen to Ground Level (GL) from ﬂﬂ'iﬁff;fff fg‘-} yjﬂﬂf

Paramaters BL to 0 EL 10 15" BL 10 30 BL to 45 BL 1o 0L EL to 15" GL
L. Heart Rate 10,9+ 5.7 3.3 8.9+s -—2:4 0.4
2 LVET 10, 1* - 4.0 -10.6» —=13.7%» —8.2 -7
3. LVET) 5.4 34 ~2.9 7.3 —13.6%+ 37
A PEP 1.6 —1.0 4.4 -1.1 13.4%n og
8. PEPI 6.7 2.0 6.0 3.4 236 1.3
'.3' Q52 -8.3 —54 — 5.8 =281 4.9 0.0
1. asy 11.7 7.8 1.1 3.1 0.4 0.9
_B. F'EF"I.I'L\I"ET 3.3 18.0 30,7+ 13.3 56.4rws 6.7
8 Sys Frogs, 4.6v B.5¥ue 8.6 .10 1.4% 0.3
10, Dias. Progs, 1.1 —23 —4.3 —1g» 1.1 —1.1
— — —_—— ——
' P = pos P <pom R 0.001
TABLE—]|
Systalic Time Intervals in 50 Normal Subjepts
STy Range Maan Stanclard.-
deviatian
al elactriomechanica -
tole (QS2 interval) 330440 382 123
Entricular ejectivn tine 230—334 281 +377
ection period 78—130 100 +13

_h_-'lnd Ss=m——==

itied from Fabian o1 g (1872)

8d stroke volyma, The significant rse in heart and Q82| shgw
P < 0.01) between 30 and 45 minutes records,

icant fall in diastolic pressuse between 30 and
Minutes showing fall in peripheral resistanca and

ed no changes, These Changes cgp
be explaingg gp the basjg of suddan reduction of

S¥mpathetic tons leading 1g decraasag chmnotropic
and inotropis gction. PEPR i3 known o increage with
reduceg chrcnurrapr’c dition and LveT decreases with
reducead inotropic action. Al variations in the Systalic
time intervals and other Parameters weara within the

; establighed normal range (Tabie ") ang
A rebound decrease In heart rate was noted pn rise of PER/LVET

ediate return 1o ground level. Though LyeT and Q%2
Ved no appreciable change, PEP increased signifi-

the signiﬁcﬂnt
ratio immediamfy °n return 'm
ground might e dye 1o sudden reduction ;
rate of Contraction, as 4 result of decre

thetic tons, After 15 mMinutes of stay at

e when totiected far hega rate LVETI was
Significantly decreased (P < 0.01) while FEP|

£ Juay



The study showed various stages of Compensa-
licn in parameters like heart rate, blood pressure and
systolic time intervals associated with exposure to

short duration mild hypoxis. Though the range of
variations of different parameters were found 1o be
within the range of normaley, some of the changes
frem baseling valves were found significant. The heart
rate incraased significantly un exposure 1o hypoxia,
showing 4 normal catdiovascular compensation Tha
rise in PEP/LVET ratio on rewn to ground leval
could be explained by the phase of readjustment when
sympathetic drive was  being withdrawn, an remaval
of hypoxin, This rise also leveled 1o prafun valuas
after 156 minutss of stay at ground showing compiate
recovery.  The alterations in  parmmeters immedia-
tely on reaching 15,000 ft. were not being maintained
throughout the stay at the altitude, The fall in LVET,
Fisw in PEP/LVET ratio at the snd of 30 minutes expo-
sure lead 1o significant rise in heart 1ate by 45 minutes,
recoverting the LEVT and PEP/LVET ratio towards O
minute values. Whether these changes during com-
nensatory phase of mild hypoxis are cyclic or not can
only be assessed by a longer stay at altitude beyond
46 minutes.
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Conclusions and Recommendations

(a) Alterations in various paramaters, obsore
in this study demonstrated the cardiovascular ircdjust
ments in a healthy subject when sxpussd to sht}r
duration mild hypoxia,

(b) The range of changes in systolic time inter
vals were found to bo within established normal Hrits

{¢) The altarations in various parameters obser
ved immediately on reaching altitude were not main
tained throughout the stay of 45 minutes. A T just
mant was seen Detween 30 and 45 minutes. Furthel
study is recommended with a longer stay at  the
altitude to observe whether various paramoters uniarg
eyclic change during the phase of compensation ob
axpasure o mild hypoxia.

(¢h) As the present study was restricted to
small number of subjects, further studies on & larger
numbar can be undertakan to determine the rango of
normaley.  This may help in identitying abuarmal rese
ponse in borderline cases 1o assess the electromech
anical status of the heart by noninvasive technigue.
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