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Effects of 100% oxygen breathing on cardiovascular functions
during high altitude acclimatisation
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The main stimulus  Tor svelimatisation on exposure (o high altitude is hypoxin Aircrew
operating rom bases at high altitude breathe supplemental oxygen while Mying. The by posic
stimulus 15 thus removed for this period. [t was hyvpothesised thal adaptation of the
cardiovascnlar system 1o liy pusia simuonpst sireress may thus be slower, This hypothesis was
tested with the help of two groups of subjects, Group-1 consisted of eleven freshly posted in
proumd erew (NIGO) and Group-11 had sis freshly posted in helicopter airerew (NIAC )L All
the subjects were followed up from day one to 30, Echocardingraphy, orthastatic tolerance
and haemogram were done on five vecasions, e, days 0, 3, 7, 15 and 30 in each of the subjcets.
Hody surface arca. hacmoglobin, TREC and haematocrit were found to be significantly higher
ingirerew. As the acclimatisation progressed cjeetion fraction, pulmonary artery hypertension,
haemaglobin, TRBC and hacmateerit showed a rising trend, whereas cardiac index and heart
rate did not reveal any specific trend, Haemoglobin, haematoerit and TRBC did not show
any rise between days 15 to 30 amongst airerew, whervas other parameters have shown o
similar pattern in both the groups. The changes on day rero when compared with day 30, in
both the groups, were not found (o be significant, Orthostatic tolerance improved secomil week
onwards. Based on these results, it was cancluded that cardiovascular funetinons are not affected
by supplemcental oxypgen hreathing, whereas hacmuoglohin and ervihiracyte rise are adversely
affected. The results have been discussed in this paper.
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ost of our airerew population live

at sea leve] or at loww zlitede and

their physiclogy ix 1n harmaony
with partial pressure of oxvgen in the
ambient air at sea level. When such
individuals make temporary incursions in to
the high altitude (HA ) environment they have
to adjust to the low partial pressure of
altitude. Tactical and operational reasons
have forced the |AF to have permanent bases
in HA areas. The term HA generallyv applies

0 a terrain height af 3000 m and above as
atthis herght a majority of low landers stant
showing signs and symptoms assaciated with
altitude. The height of S800 m. marks
beginning of extreme high altitude: No
acclimatisation can be attained above this
altitude and progressive deterioration in
overall phyvsiology occurs during prolonged
stay [ 1. 2]

Aarcrew at HA are exposed Lo the
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deleterious effects of hyvpoxia, colid
decompression, hypoxia being the main
problem. The process by which body
suceerds inpreventing the oxveen deficient
conditions ol hypoxaa at aliitnde is called
acclimatisatiom | 3.4, The main brust of 1A
stress Talls oo the cardiovascular and
respiratory systeon whweh wndergo immediate

changes to help an the process of

acclimatisation. The main stimulus for the
process of acclimabisation 1s low parial
pressure of oxveen [2.3.5.6] This stimulus
1§ nterrupted during supplemental oxyveen
breathing at the time of Nying in aircrew . It
was therefore hypothesised that the process
of acelimatisation will be slower and will
attain & lower fevel in aircrow as compared
1o ground crew aver u given period of time,
In this paper effects of 100% OXYEEn
breathing on cardiovascalar unctions and
haemogram during HA scclimatisation have
been discussed.

Material and methods

Lhis study was carried out at Air Force
station Leh situated at an attitude of
33060 m between the months of Mav and
August. The study sample consisted of a
total of 17 subjects who were exposcd 10
HA for the first time and were categorised
10 taer groups

Group 1. Newly fnducred Ground Criw
(NICFC). This group comprised of 11 Air
Foree Airmen freshly inducted a1 high
altitude. Their age ranged between 23 1o 29
years (mean age 26 1. 80 vears). All the
subjects except two were smokers.

CGrrang I Newly fiducred Aircrew
(NIAC' . This group compriscd of 6 freshly
posted-in helicopter airerew. Their age
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Inpernritdnt oxveen and acelimatizsation = Hiakae ol ol

ranped between 23 and 26 years (mean age
23 1.0 vears). All the subjects excepl one
were smokers

Tesemg Praotocol  Subjects belonging to bath
the groups. e, NIGC and NIAC, were
studied for 30 davs, the day of induction at
1A being labeled as D-0. During this pernod
each subject was exposed to phyvsiological
testing (vide infra) on five occasions, i.e.,
D-0.. -3, -7, D-15, D-30. Testing was
done during the same period in the d
mornmg between W30t | 130 howes S0 04
to eliminate any potential dieinal variatons.
Care was taken to ensure that the subjects
had adequate sleep on the might priar o the
experiment and no aleoliol was consumed.

After inttial rest for two davs NIGE
started their routine dutees and NEAC »lso
started routine tlyving with the use of
supplemental oxyveen. Each aircriw om s
average flew about 12 to 16 hours in a4 woek

Pinvsialogical fests
Passive Standmg Test and compleie
haemogram were the tests sclected Tor 1his
srudy,

Echoeardivpraphy,

Echocardiegraphy was dane with the help
of SIM - 7000 moadel of ccho-
cardiography machine produced by
LSAOTEBIOMEDICA. Tt is a real time
ultra sound imaging system with a flow
analysis system designed Tor multiple
applications. Following parameters were
computed: Cardiac Output (CO), [leart Rate
(HR). Pulmonary Valve Flow Profile
{FVEP) Pulmonary Valve Peak and Mean
Velocity (PVPVE & PVMVE) and
Pulmonary Valve Peak and Mean Gradienmt
(PVPG & PYMG)

Fuossive standing testimg s a simple and
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practical test under field conditions for
eheiting cardiovascular responses to postiiral
stress, The Passive Standing Test (PST) used
here has been recommended and used carlior
by Hyatt et al [7]. Room temperalure was
made ascomlonable as passible by wvailable
means. Lo avond any disturbance, welephones
were not penitied and nobody else other
than observer and his assistant were
penmiited

Cemplete haenopram (or all the subjects
was done on -0, D=7, D-13, D-31) davs
muesly by the sane lab wechnician,

Hesulls

Descriptive  Statistics - Phosical
eherrarcteristios (Table 1) The mean api ol
NIGC subjects was 26 1180 vears witl the
range of 13 to 29 years, whereas in NIAC
group the age varncd between 23 10 25 YU
with mean values of 23 | vears. The mean
weight of NIGC was 62 1 513 ko and for
alrerew group was 67.66 13,435 kKo, A
reduction of 0.2 Kg and 0 5 kg was observed
over the period of one month in NIGC and
NIAC respectively. The mean bodv surface
area (BSA) for ground erew was | 648 =

Table I : Descriptive Statistics -

faterantiene axyeen amd avelimtatron - Phakur of ol

077 me and that of aircrew group was
[.798 +0.66 per m? Height (p<0.01), welght
(p=0.000) and BSA Tur NIAC were found
to be sigmiticantly higher compared with
e L

Echocardiography - Gromnd crew and Ajr
crew (Table 1 and W amd Fig 1, 2, 3 ),
Fehocardiography findings for NIGC and
NIAC on day 0.3,7,15 and Wrof stay at 1A
are shown o tables 1 and 111, Cardiac indes,
(T on 00 i NIGE was] 90038 L myv,
which was found to be lower than that in
NIAC (2,27 + 031 Lim? of BSA), NIGC
proup on D-3 had shown an inercase in Cl
whoereas on D135 and 133000 way found to
be slightly higher than D-0 value, On the
other hand NIAC were founmd 10 have lower
Clon D-Tand thereatter - 15 anwards have
shown increase with 13230 values being
marginally lower than D-0, HR among
vround crew had shown ineresse from 71,7
= 1 1.6 bpm atthe time of induction ta 77.0
= 9.5 bpm one month therealicr, The

decrease in LR from 83.8 to 693 bpm was

seert inthe NTAC group. HE among ground

crew on [-0 was unexpectedly low which

probably has resulted in the low C1 recorded

Physical characteristics

ground crew and asircrew

Group T (r=11)

Group 2 (n=5)

Parameiars Mean = 8D

Range Mugn = S0} Rinnge

Min Ml Min Wl

Age {yrs) 260+ |5 2} 29 25=1.00 23 2
Weight (kp)

Cray() G20+ 313 34 7 b7.T L 343 LR [

Cray 30 61.8= 503 bl By h7.2 1379 62 i

[Teight {ems) 1653+ 53] |33 173 [TX0+4.89 I 178

BSA (m?) | 624 + 008 313 I &0 | 798 L thih LT A
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Table 11 - Echoeardiography ground crew (n=11)

Parametcrs ] §

Cl (L™ 19 & 138 2064052
I {bents S b b e BT K TR A LD
EF (Yn) 7 =72 15 +40

FYEE (Lniss
PYEYE [mfsed)
PYMVLE (imfses )

[LRTT = 09 08X «0 1]

05 4 00 (51 « 0
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et T 128 =131
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0709F « 007 0 T3 =008 [ e B I R

495 « 006 0532 =002 0AGT b 1
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Tubsle 11 Echocardiography e crew (n = &)

Paysa HA

Perumeters {1

CliLm?) 237-031 197=01%
HE | beats Jnand Bie~T74 50 = 40
T (" 464 =70 47.0.= 0.

PV {Eninsy 0164 =005 0t1ah=0.0]

PY 1% (s ) 0808 =009  0.790 + (05
PYMVE [mizec) (1,52 = (L04 055 =002
PWIRGIE imm Tl

PVYM GIU{mm Hp) 234 = 152

128 =) 26 1 30 =010

2E5=055

Ejection Fraction (EF) showed a rise on -
3 in both the groups. The value in NIGC
mcreased trom 46.7 o543 % and in NIAC
itingreased from 46 4 16067% Therefore [F
decreased sn both the growp on D-7 and later
o trend was siimilar. Howas observed that in
both the groups there was a decreasing trend
m FVEFP. In W1GC there was reduction of
PVFP from D161 1o 0,137 units and in
WHAC the reduction was from 016310 0137

d ! Acrospace Med, $0 020 g
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o BE e | ol = i3 R TR N 1
=2 ks 2 fiet 4|
32h= 48 51533 JEY £ 82

0133 = 003 D36 = 02 L= 2

743 = 0,0% 814 = ULt L ERs <0004
LU < )05 543 =05 LT 10T
.03 =0.18 143+ 023 Il d =102
>33 e 054 XT3 - A2 1260 0,8

unils. Thus it can be said that during
declimatisation both the groups urider study
developed pulmonary artery hypertension
(Al

PVPVE and PYMVE in both the
groups lad deereased on D-30 as compared
e 13-0 valugs PVPGand PYMG in NG
batel decreased from [ 21w 106 mm ol g
and From 2 73 w0 225 mm of He
respectively, In NTAC these values had
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declined from .28 to | 13 mm of Hg and
254 to 2.26 mm of Hg respectively

Changes inall parameters mentioned above
on D-30 when compared to D-0 values of

Fhakur 2t al

the same group were not found to be
statistically significant. HR an 10 and EF
om D=3 wvere Tound 1o be signiticantly higher
in NIAC, p(<0.05)and (< 01} respectively,

Fig:l: Cardiac indey at A during M dayvs al HA
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Fassive standing rest and Orihaslatic
foferamee ('lables IV and V1 Mean base
line Systolic Blood Pressure (SBP) in NIGC
showed decline from 125 mm of Hg on -1
to 121 mm of Hg on 13-30. A similar fall
was noticed in NIAC trom 120 10114 mm
of Hg. Mean Diastolic Blood Pressure
{DI3P) readings in NIGC did not show much
variations whereas in N1AC it had shown a
fall of 5 mm of Hg on D-30 as compared
with -0, Mean Arterial Pressure (MAP)
did not show much variations in NGO wath
least value at 13-7. In NIAC it decreased
from 20 to 85 mm of He. DRP and MAP
o I3-0, 1=15 and T30 woere recorded 1o
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be signiticantly lower 1n NIAC, Pulse
Pressure (PP} had shown mild decrease in
both the groups.

It can be seen from table I'V and ¥ that
the response to orthostatic stress durihg
passive standing test (P51 s in the form of
rise in DBP n both the groups except on
D-7 where no change was recorded in DBP.
lhe NIGC group on D-0 and D-7. on
inmediate standing, had Orthostatic Arterial
Ancmia ((OAAY, e for aslight fall in BP
there was a substantial rise in HR. In NIAC
groupalse on D-0and D-13, on immediate
standing, and on [3-15 atter 5 minutes had
shown asimitar OA A response. Individually
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Irigrmiittent oxveen aond acclimatisistion
it

P subjects e NGO had decompensation
of the cardiovascular system aller bwo and
three minutes of stress on 72-3 amd 130
respectively. In subject NIGC-6, SEP
dropped trom L4 w0 % mm ol H with the
rrse of DR from 70 10 B2 mune ol Hy e
pulse recorded was S Ta NGO - 10,
Gl 1y STP was recorded from 130 10 100
i el He, DB also showed tall from 848
o B0 mm of Tg and pulse was T8min These
two sithjects also had symptoms m the form
ol uncasiness, feeling of being unwell,
narrowing of visual fields and there were
signs of perspiration. None of the NI1AC
sulyjucts reported such symptoms. Thos these

ki ot

al

two subjects of NIGO during Tirsl week
showed evidence of decreased arthostatic
tolerance which improved subseguently

Haemageae (Table VEand VI during the
period of abservation NG shawed aoise
of haemoglobin ( Hb) from 1 ddgidl o 16,3/
dlwhereas in NLAC therewas a simalar rise
trom [O.0to 188 g/dl 1ts pertinent to ot
that Hb, Total Red Bload Cell Counl
CTRBOC) and Packed Cell Vol (PO
virlues i BNIAC were sigad B by higher
than m NMIGC (P00 8t 1he Lune ol
induction. Atter § days the NIAC griup il
Aot show any fise i Hb, The risg in TR

Pabile 1N : Blood Pressure and heart rate ground crew | n =11

IYaxs Parmmeiers siRp IS e AR [TH
ATTIA iy Hg e Lg ) e [Lgy v Hlg) Lhwetils = i)

Fasal {after 10 ming T899 84 . T6 it =72 QY - 7.7 =1
1 IMagsie H|.1|'II,‘||.:._' e 1254 |23 X5 R7 4 = 14.4 L L A L R
5 mun ITo1ls 35+ &7 32:= [ SR L M KGRy
Bl Lafter: 10 min) M= i B4-En BreX3 9h o 92 T i 2
i Fussive:Mandinp Omin 123+ 140 87 = Jyd T GR 9d e 10,7 BT RE
S 16 | OF £ 9. 2+ 63 [0 =4 LA 1 |
Hazal (after 1amm) 114 =43 B2 =07 iz-nl Q3 &7y T = KA
7 Fassive Stunding min.  TII=95 42+389 29+ 311 91 = 5.9 G+ 154
Smwan s HI2=11.1 83279 29 113 93T = 124
Busal (after 10 min) 120 =98 85:91 W6 UTEMO TV T
| & Passive Standing Omin 1144112 47 =44 28+ 8.3 Ui KA R4 I e
3 min I'E2 1T 0 K e G0 24 & TA b 492 T F T

Rasal Calter 10 mney 121 = 8.6 WE LR 35247 ST ER S TS

au Passivy ";1.||‘.:1:||l: T it =) 1.3 %7 11y 5 Ty~ L4 4 1114 [P
Fomm VAN 2437 BRx 115 1+ 7.5 DH e |12 YR 124
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Table ¥ ; Blond Pressure and heare cate air crew [ o= i)

[y Farnmeters sl EP e AT [

AL LA e FHgD et bl {rom B (e ThEd (heamis ©mand

Basal [ofrer TO i) P20+ B0 154 20 45185 L I T an?

I Popssive Standing O 106 2 %00 P 2 I WaTHS 1 R S LT T

£ mn 14 =71 T+ 14 s R | el A 24 I Y

Brusul {alter 11 min} MYz 20 =20 G- 4.0 &+« 107 o L

k| Pagssve Standing w105 + 5.0 = 3.0 2 L2 W6 o= VKT ¥ra7n

S oitnin 10+ 1.0 R L ¥ 23 42.4) 8 P e e 71

Haizal fifler b 11K 2 %1 TR 6 bl e 54 0 #3010 N

7 Pussive Siinding  Opun 10K - - 014 79+ 83 0= (6 HU LA K3 | 4%

Smmm 0% 4.0 i 3000 17 o4 a2 Kl + 007

Busul (aer M) mind 115+ 8| 13 s 54 41 L84 N7+ |28 T5 -84

3 Passive Standing Omin 110 =123 %44 X 12 =122 R E 0 LT

Smin. 2= 142 Fxal - |38 UL TS 95 kil

Rasal tafler 1 mun) 104 = 30 =33 M +Th #3142 7= 47

ki Passive Stundinie Omin 112292 71+ 46 T TR el H5 =11 Py = 8

Smin &= 133 76134 11 =147 G+ 53 g+ ¥

and PCV showed a similar trend as HE
bath the groups. The D-30 readings when
compared with -0 were mn found 1o be
sipnificantly higher.

Discuossion

Inthis study the process of acelimatisation
in ground crew and helicopter aircrew on
induction to 1A was compsred. The
rationale of such a strategy was 10 see the
effects of intermittent 100% SOB on
cardiovascular  functions  during
acelimatisation. Lchocardiography studies,
arthostatic tolerance and hacmogram were
doncon D-0, D-3, 13-15,and D-30 The -
0 readings were taken upto 24 hours after
arrival at HA. Physical characteristics of

Ind £ Aervsprace Med, $002) 1948
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the two groups of subjects showud
statistically significant difference n terms
of higher height, weight and BSA tor
anrcrew. This is expected as minimum
acceplable standards for aircrew are higher
than for ground crew and the formel
penerally belong to a higher socie-sconomic
status. This difference was taken into
consideration while analysing the results.

On induction to 1A, cardiac output
inereases then starts declining, With the
process of acclimatization Hhb rises |6, Hoon
[&] and Sims [9] found that on arival ol
low landers at HA, cardiac output (C())
starts falling 1l -3 and there is secondary
fall on D=0 Increase in €O on exposure to

Jra—



Itormtrent exveen and aoclimanyalion

HA has also been observed by Fuico [ 10],
Hulgren [11] found that administration of
| D% percent oxyien toacelimatised person
did not change the cardiac output but the
heart rate 15 found 1o decrvase whereas Rotta
[12] observed a decrease in HR as well as
COL Bt these studies were carred out an
acclimatised subjects The BSA of two
aroups were signilcantly diflerent theretore
the comparison was made between cardiac
index (C1) which is CO per ms of BRA,
Initial high CTand HR found o the arcrew
group is expected on induction o HA [6].
Honseever, it is difliculr toesplain the b €0
i ground crew on induction. These fnd ngs
are partly i agrecment with the ndings of
Hoon [8] In ground erew the kow HR had
shown a rise on 12-3 and [3-7 which explains
the rise in the TO . Subsequently the chiunges
in OO were of @ stmilar patier in oth the
proups. As expeeted HR i airerew has
shewn w decreasing tremd durimg the process
olacelimatization, Ground erew did show

an insignificant rise from 71w 77 bpm

Fliriktir b itf

Induction to HA increases sympathetic
activity [3.13] hence EF is expected (o
inerease. This was corroborated o the
present study in that EF rose i both groups
from -0, to [ 3 and later decreased by D
hereatter the response in both the groups
ssimilar, Due to hyposic vasoconstriction
ol pulmonary vasculature on imduction 1o
HA there is development of PAH 2, 6. 14,
I'he response 1s reversible in thecarly stiges
when oxygen s adnunistered but ater anly
patrtially reversible due to pulmonary artery
museular hyperteophy [2,01] PVEF us
mezsured i echocardwography, will decrease
s PAH develops due to mcrease in resistanc
of Now, The peak and mean velocity will
simiilarly reduce due to the same reason, As
the pulmonary artery pressure mcreases the
dilTerence between thas pressure and right
ventricilar pressure narrows and this is
reflectad i lower mean and peak pressure
eradicent. The findings in both the groups of
subjects are expected changes, Further any
of these parameters on 1D - 30 when

Tabte V1 : Haemopram Ground Crew {n=11)

Dlaysal HA

Farpmelers i 7 3 3)

Hh(g'dl 144+ 088 (522 + 079 [3.6=114 [62:e 1.24
TREC (% 100/%cumm) 52 33 {60+ 07 TEE =163 FIZ = b
POV (94%) 3 7= 242 158 = 140 1702 300 488 =414
Eeniguloeyies (Ma) RS = (59 13 11 A3 (B3 20,74 .35 - 11.5]
MEHE (%) 327 =067 Md=42 PRS0 3.0 = |88
MOV (cu macron ) 96.5 = 558 7T R= 307 BAAY £ 745 934 - 8.4l
MOUH (peg) AT = 1.8} 3240 = 1.858 JRT 4 1A 1.0 = |84
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Parameters ] 15 i

LR Y0 e 1.2 6.2 = 1.02 R Ténk = |44
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compared with -0 values did not shos asy
significant difference. It could thus be
inferred thar SOB had oot altered these
cardiovascular tunctions i aircrew.,

Due to the orthostatic stress at HA,
systolic Blood Pressure SBP tends 1o fall
a5 d result of poor peripheral
vasoconstriction effect caused by
hypocapnia [10.13,15,16]. Though there is
sympathetic overactivity on exposure to HA,
its effect is over shadowed by hypocapnia
us lar as orthostatic responsze is concerned
[13]. The findings in this study are in line
with Aindings of Malhotra and Selvamurthy
[13] who also have found decrease in
orthostatic tolerance during the first week
which had improved during subsequemt
weeks. In ground crew during the first week
an D-0 the HR increased by 11 bpm
immediately afler stress but later on the rise
i HR on orthostatic stress was to the extent
of 17 ta 20 bpm. This indicates that
orthostatic response was impaired on D-0

Ind. [l Aeraspace Med, 0 (1) 1996
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but subsequently improved. s is further
substantiated bv a fall of SBP by 8 mm of
Hg after 5 minute stress on D-U. Further in
this group two subjects had deconmpensation
in the torm of pre syncope during the first
week but on subseguent examination these
subjects did not reveal any such symptoms
indicating improvement in orthostatic
tolerance, In case of aircrew alsoa sunilar
response in respect of HR increase on
orthostatic stress was observed. There is rise
in the mean value of HE, as acclimatisation
progressed. The orthostatic tolerance thus
has improved in both the groups with the
process of acclimatisation which show that
supplemental O, breathing has probably not
had any effect on this aspect of
acclimatisation also.

On gxposure to HA there is increase of
b at rate of | gm per week and stimulus
for this rise is considered to be hypoxia.
Complete hematological adaptation rakes
about 12 weeks [2.6,17,18]. Since aircrew

I
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bekmg 1o higher socio-economic proup and
are hetter novrshed their Hibowas found 1o
be signilicantly hipher than ground crew,
Chver i poerod oF 30 davs sirerew had shown
rise of only (L8 p/d) where as in ground crew
increase i Hb by 18 w/dl | was recorded
Adfter 15 days of induction no nise in Hh,
RBC and haematoerit was noticed in
aircrew. Though the changes were not
stgnificant there has been a defimtive trend
which is different in ground crew and
aircrew. These results indicate that rise ol
Hb and TRBC may have been attected by
supplemental £}, breathmg. lo draw a
definite conclusion these aspects of
acclimatisation will need further studies on
similar lines,

From the literature reviewed 1t was
realised that changes in cardievascular
system cecurs immediately on exposure to
HA [2, 6, 19] Since in this study the
readings were taken upto 24 hrs after
induction t HA and are included in D-0)
values, these may not have represented the
true sea level values. We hope that others
would take up the threads and tey to
teplicate our experiment with base line
values recorded at sca level. Mast of the
published studies have compared one group
vs another. Wolthuis [20] has studied
individual variability of the biological
system. This was bevond the scope of this
study and only group response was studied.
Itis suggested that individual dats may be
analysed to see the individual variahilily
during acclimatisation process.

Conclusion

It can be concluded that during the process
of acclimatisation there is a universal
development of PATL Orthostatic tolerance

15 found to be low during first week of

induction in hoth the groups but does show
improvement subsequently, Cardiovascular
parameters and haemogram do not show any
significant changes in both groups when
compared between D-0 and [-30 11 either
eroup, laemoglobin, TROBC  and
haematocrit did show an nereasing trend
throughout the period of study in ground
crew but did not show any rise, even after
15 days of induction, in aircrew, Apparently
intermittent oxveen breathing dud not have
an adverse effect an the process of
acclimatisation as far as cardiovascular
functions and orthostatic tolerance is
concerned. However, the expected rise in
haematocrit in case of aircrew seeims to be
affected adversely and may have long term
effects on the process of acclimatisation in
aircrew
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