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Cardiorespiratory and performance changes in graded
hypoxia simulated with gas mixtures

Sqn Ldr K Kartik, sqn Ldr J Singh® tip Capt K5 somlan,

W Cidre N Rattan

[ hepacarimeer of Hig bl Sl sl

Twenty-six suljects were pxposed 10 equivalent
altitadey of 6000 fi, B0 ared 12,300 ft ws-
fng pas HEEXTUTEN with oxygen concentritions
af 18.4%, $7.0% and 14.1%, respec tivedy, The
suhjects were monitorcd for various plysis-
fogical parateters e leart raie, Mued pres
sure, respivatory rafe, ventilution, end tielul
62, (ranscatatens oxygen and O tensions.
Performance was assessed uslng d validared
psyehomunar task, The physivlogical changes
were similar ro the results reported in simula-
tion viudies asing altitude sinnilator. The po-
tential wse of gas mixtures ax o research traerd,
avpecialy for field sudies, Is divewsyed,
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ver since the ascent of man in a
hypoxia has been recomnized as
flighl lmezard. Uacrics] combar fiving
restricted o altitudss helow 15000 f
such aircrew arc exposed onfy Lo hyp

lower altitedes (10,000 ft) because
of oxygen sysiems and cabin pressun? s

Recenthy, research on hypoxia has < icerirated
on perfonmance decremuent at these hinwer alti-
{udes, as
make all the difference for a sucoessiul mMission
putcome [1-31].

Amongst the various methods that have beoen

any peduction in performance  may

developed for fhe simulation of hypoxia, the
low-pressure chamber 5 the most accurate in
[1.4]

liowever. the mstallation and maintenance of a

simulating the effects of high allitudes

foadicind fapeituee of een

low-pressure chambur s expensive, and alsa il
wxed with o combination of SITCHsCEs,
I
[+ 1% breathing sas nixture 15 an allerative
and etfective wwethod for the study of hypoxia in

cannot he

e vibravion  hwat, el se ol o=t

connbanation with othel stresses

(his study wsed low-Cn breathing gas mes-
ture tar pround-based simudation of hyposinand
the effects of theee different levels of

acure Lo mioderate hypusia on paychumolol per-

Farmanca and othier cardiorespiratory variablus,

Material and methods

Altitndes of 6000, X000 and 12,500 1 were
simulated by reducing the Filks to 0,184 0 171
lwenty-yix  healthy
adult male volunteers Wwilh a mean wge of
130 4 47 vr owere divided inte tiree groups.
b for 000 wnd 12300 0 wnd ten for

and O 141, respectively.

Eyuipment assgnthly. The gas i xtures wilh
the reduced oxygen concentrations wire. pres
nared commercially, These gas nixtures were
it 7m cylinders at a pressure of
} 25 Kofem™. A comhimed contents gauge and
nressure reducer mounted on tp af the oylinder
reduced  the to berween G0 and
30 kerem . the working pressure of the regula:
tar A high-pressure tubing connected the cylin-
Mk 171 prossure demand  diluter
cegulator 1he mixture of sases was delivered Lo
AL MK
(based on the RAE P/ type) aviators oronusil
The exprratory spout of the mask wal

sipred

prEssuUre

der to Aan
the subjegt by means of an
mask
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madified by means of a mewal wbe e fit an
Uhmedn volumeter.

Laperimentad protoeol. The subjects were
explained the experimental protisen] and faml-
iwrived with the peychomotar performance task
Lach subject then undertook a1 least 5 1o & trials
of the sk, This ensurcd (hal the sohject had
learned the task sufficiently well prior to the
conduct of the experiment. He was then gon-
pected 1o i system and the repulator was pan
at “OrL, thues ensurning that he was breathing
ambaent ai only. Physiological purameiers were
recurdid e 10 and 20th min af this phase
and aneluded heart rate (HR), blood pressure
(BFY minute expliatory voluwme {VE) (recorded

Hypivas avmnlestad worl goey soviures Kotk e al

on an Olimeda volumeter), respiratory  rale
(RE)  end  tidal Ok tensian  [LTpCEs)
(ETpCO: and RR were récorded an an Elizih
Duo Gus Analvser, M5 Enesteom, Sweden) and
transgutangons Os and U0 tensions C1cPOys and
FePCOs) (recorded on TINA  1Trscutings s
wximeter TOM 3, munulielured by NS radi-
ometer, Denmark), Psychomotor performance
wias tested @t the [Oth and 20t wan sl the pre-
1|':- [IWEX L '|"I|:'|:!‘\§.' T in r:'.l;nr(||rl|g ol rhi: I_"lh:,"_‘ilﬂ
logical parpmeters. The test used, which was
developed and validated av this Instie [3,48],
wits b computetired  version ol the Red and
Black table. his test combines visuul vipilunee,
specd ol puerceplion ol comples deétail, shorr-
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term memory and chowe reaction time. The test
was performed on-a PO AT 3E6SX On comple-
tions of the jecordings of the prehvpoxia phase,
the regulator was set 1o 100% and switched on
ersuring that the subjeet breathed only the pas
s lieiae Tlae physiological as well as pavehio
motor performance was recarded ar the O5th,
I5th, 25th and 35th min of the hypoxia phase
Chncoimpletion ol the hust set of recordings., the
repulator was switched of 0 o recovery Trom
byvpoxin was monitored for 20 non

Results

Subjective symptoms were noticed at all aln
wdes and g break-up of these symptoms 1s given
in Table 1. Theoseveriy amld the number of
subjects who complamed o symploms in
ereased witl the increusing altitude.

HIRU shivwed an ineresse Gl the 25th . min
after which it tended to decréase. The increpse
in HR was proportionate 1o the level of hyvpoxia
mdoeed (Figore 1} The magninudes of the in-
créase i HR of 6.8 bpm a1 1829 m, 7.2 bpm at
2438 mand 6.8 bpan ot 3810 m were all statisti-
cilly significant. T'he mean values of arterial B
did not show any appreciable change during
exposure from the pre-exposure values at all the
three levels of hyposia simulatedd The mean
values: of RR did oot show oy significant
elatges in reaponse oo ihe three simulated lev-

agenres weemedlaebee el wer il waes s faerey o Rad ik sl

els of hypoxia (Figure 23 At all three simu

lated-altitmies an mercased LI the Z200h min of

exposure and thereafter a pradual Falls towinds
the pre-exposure fevel (Fleure 3) The mcreases
in VTl oaf 1.2 |||'\r1a and |89 ||'||:|1 at 820w and
BOO0 tt were nor signiticant; however, the i
crease o VE of 14T lpmeal 3810 meowas siwmali-
cant Post-exposurs VI tended (o he higher than
the baseline vilues, but this was not significant
The response of tidal volume (YT e hyposia
was similar 1o that exiubited by W10 There was
no apprecishle change from baseline values at
1829 moand 2438 m: however, an incrcase of
[ 19 ml at 3810 m was significant

Lhe response of FUpUith 1o hyposit whis
stitlar at all three simalated altitudes (1 e
4) There was a sigoificant fall Ul about the
[3th 1o 25th min of exposure. followed by o
gradual rise towards baseline values, However
evien al the end of the bypoxma phase the de-
crease from baseline valbues was sill siemNoan
Post-exposure ETpCO: recovered o bBascline
lesels guickly.

The TePO: showed highly signiticant de
ereases dt dll three simuleted allitudes propor-
uonate 10 the degree of hypoxia induced and
recovered o pre-exposure values during the
postsexposure phase. The wvalues of TePO,
observed at the three altitudes are shown in
Figuic 3
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There wiere decrements in psychomaotor per-
tormance at all three aliitudes, with the decre
menl being significant only at 12500 M The
mean seores achicved n the psychomotor per-
formance task tested ar the 251h onniute of exXpo
surc-to hypoxia at the three simulated altitudes
are shown in Table 2.

Discussion

Hypoxia causes a tall in PAO: and conscquently
a decreasc in Palds. Al sea level the PAGL i
about 9648 mmig and the 5a0; is about $7%.
With increasing altitude. breathing air conse
gquent to the fall in ambient pressure, the PAD:
decreases 1o 72 mmHe w 6000 fiu 63 mmHg ar
000 1 and 46 mmHz at 12,5007 [2, 3] This
decrease in PACK was produced by lawering the
Fih: using a mixture of gases: Follewing sxpo-
sure L such @ eas mixture, physinlozical eguili-
bration takes place in about 10 mmn [7] The
symptoms of hvpoxia and those dug to the com-
pensatory mechanisms appear subssquent Lo this
time frame. | lowever, there are larze intér- and
intra-individual differences on cxposure o alti-
tude 1,3, 4, 8],

The fall in Pa(ls in hyvpoxia initiates reflex
respiratory and circilatery  compensalory re
spanses within the body, manly madiated
through the peripheral chemoreceptors. which

arc maosl sensitive 1o hvpoxic insults [1, 9] Ths
intearated effect of these reflex responses is an
increase in pulmonary sontifation, increase in
HR and i beneficial redistribution of the cardiac
autput [9, 1]

e complete and uvsually some delerioration in

However, the compensation 15

wande scoret At vanous abiiledes

[y poxis rrwalie
14 I Ed 15 5
b5 204 152 LTS

w159 oo

performance may occur above 10,000 1t altitude
[2. %, L1].

[he developmenl of subpective symploms s
not an indicator of the severily of hypoxia
Symproms like dizziness and blurring, ol vision
may be the manifeatativns of the compensatory
response to hypoxia and the dircet nearological
effects of hypoxio on the CNS [lowever, madl
ot these symproms tend to settle down towards
the end of the hypoxic exposure. This indicates
the onser and cstablishment of the various com-
pensatory mechanisms as a result of which the
symplonmatology tends to decrease [2-4]

It is well known that ‘an acule exposore (o
hyposia cuuscs an increase in the 1R anid car
diac output [1. 4, 10], The increase in 1HR has
been shown ta begin [rom an altitude as low as
4000 1L [2, 3], The increase in HR has been at-
reibuted o two factorss firsely, there & oa e
sponse spillover to the vasomatar centre [rom
the respiratory centre and, secondty, due lo
flex chemoreceptar activity, The greater th
hypoxic insult, the greater will be the stimuls
tion of the chemorzcepiors and the greater he
increase in HE |9). This is reflecied in our
stndy. where the increase in HR was found to be
propartionate Lo the altitude sinulared.

The arterial BP usually does not show
any change on exposure o acute hypoxii
[1, 3. 4. 10], and this again was corrohorated in 3

[
The classical respiratory  response to by
i i an dncrease in nidal volume with 8o
venliatiom

( ferduse  in minoe
mediated by the chemorseeptoes [3, 4,9], How

ever, large inter- and mmtra-individoal Gk
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ences are seen: thus, these changes may b seen
al as low as 1219 m in a sensitive individual,
while in others no change may be appreciable
tll aboul 3658 m |3, 5, 8] Respiratory rate in:
crease is seen clpssically at allitudes above
WSE-A572 m |1, 4] The increase VE. in
furn, causes o decrease PACC: (manifested
a5 o decrense in ETpOy) and 2 consequent de-
prense i PaCOs The decrease in PaltOy tends
10 cause u decréase in ME and the hypoxic
ventilotory  drive now  becomes  predominant
|4, 8], These changes were closely paralleled n
pur study and showed n linear response ooin-
ereastig altitude
Transculaneous oximairy is an indirecl cot
relate of arterial oxyzen saluration and serves as
an-abjective eriterion for the degree uf hiypoxia
induced., However, its correlation with blued
aps is only 0.79 in adubts [12]. TcPO; tends Lo
show lower values than the actual blood gas
Phie full in TelPs is due o the fall in i) and
that of TelCOy is due to the fall i PaCo: con-
suquent 1o the hypusip-mduced hyperventila-
tion. In tiis study hoth TcPO: and TePCO:
showed a significant fall from 1829 m onwards,
with the degree of full being proporiicnate 1o
the depree of hypoxin induced,
O primary concern in aviation is the povsis
ble degrement in performance on expusure 14
altitude. 1t is-generally aveepted that the effects
of hvpeiia upon  cognitive functions become
significant only above 3048 m [§, 1L 13, 14)
However, recent studies have shown that there
may be a decraase in performance al altitudes as
low as 1524 m |11, 1%, 16]. Recenvmemany and
complex choice reaction Nimes are some of these
uffected at the earlicst |11, 18], The deteriora-
fion in performance is, however, again subject
to marked inler- and ntra-individual differ-
ences. In some subjects an exposure e hypoxia
causes cuphoria, probably due to the srimitlulivn
of ascending reticular activating system, which
ey bead tooan mmprovenient n the psychamotor
performance [1. 3, 11].
In this study 1 complex number-smting 1est
which measures the speed of perception, shifl-

Ind. o, Aveisprace Me, JBELY 1944

Hvprireia ddinfatedd weefle gas mixkiren — A crefol it el

ing of attention, visual vigilance and tmmediate
memory wis usced 10 measure psychomatar per-
formance. The results obtaned are consistent
with those of other workers in that the decre-
ment in performance  was  not  significunt
at 1829 m and 2438 m. However, at 3810 m
the decrement in perfurmance was highly sig
witicant These results can be explained hy the
fiet that hypoxia of less than 3048 m s not GHE
ficient o cause a siguificant decrement (0
performance Bl at 3810 m copnitive Tunetions
are affected and hence o significant decrement
in performance was noticed, Alternatively, the
sk may not have been sensitive enoupgh o
detect the mmute changes i performunce which
fave heen shown 0 ool from 15324.m

upwirds

Cunelusion

This study has corroborited the use of levuw-
axygelt breathing mixtures in the simulation of
hypoxiz. The changes in the various car
dierespiratory and performince parameters scen
with graded hypoxia ¢xposures in Lhis study are
similar 1o those reported on exposure Lo simu-
lated altitudes in decompression chambers. The
primary advaniage of this simple metliod lies in
that it can be used to simulate hypoxiu either
singly or in combination with other avialion

RITCRNS.
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