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Exercise under Hypoxia :

A Stress Test for Evaluation
of Cases with Ischaemic
Heart Disease for

R ehabilitation

M AKHTAR
PC CHATTERJEE

One hundred and eighty seven subjects
with stabilised ischaemic heart disease and
myocardial infarclion were sublected to exer-
cise under hypoxic environment in their final
phase of rehabilitation They had been asymp-
tomatic, frae of complications and had shown
‘normal’ response during Master double two
step exercise and submaximal to maximal
treadmill exercise, The hypoxic stress test
consisting of Double Master Two Step exercise
at a simulating altitude of 15,000 ft (4592 metra)
showed positivity in 22,957, case, None had any
untoward effect. Those who were cleared have
baen employed in strenuous duties including
posting to mountainous terrains, followed up for
1 year to over 5 yrs.and have not shown deterio-
ration. It can be postulated that ‘Hypoxic Stress
Test' used as a screening test prior to rehabili-
tation at high altitude is a safe. sensitive and
reliable technique of investigation In addition
to the currantly availahla stress test and should
be carriad outin those likely to be employed at

high altitude.

-iaATIENTS with stabilised ischaemic heart
disease and myocardial Infarction requiring ullimale
rehabilitation at high altitude locelas tempotarily or
permanently need assessment by tesis simulating
high altitude problems. Esposure to and exercise
in air with diminished partial présence of oxygen
insida decompression chamhbers have been variou-
sly used for this purpose "™, We have emplo-
yed this stress test for final evaluation ot 187 patfie-
nts with myacardial infarction before clearing them
for duties in mountainous terrains and present our

experiences here

Material and Methods

Subjects for this study were selected from a
farge group of patiants with ischaemic heart dizease
undergoing the rehabilitation schedule at our centra’
These cases had suffered from electrocardio-
graphically proved myvacardial infarction at least 18

to 24 months back. They had bsen treated with
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spanific drugs, dieletic restriction, correction of risk
factors and graded exerlions, followed up at six
monthly Intervals, and wera rendered asymplomatic
ant free of complications, Their resting eleclro-
cardiograms wara stabilised and did not show any
detarioration alter Double Master two step exercise
(DMT). Relavant biochemical and radiclogical inve-
gtigations also had been normal. Al the tme of
consiteration for clearance to grade | slate of reha-
bilitalion and prior to sublecting to treadmill exer-
eise and hypoxic stress lest, all specific drugs were
discontinued. None had hypertension or #any other
factors known le produce false positive results in
stress tests,

Each patient wes subjected to graded mulli-
slage submaximal to maximal treadmill ararcisa®
with on-line computer analvsis of ST displacement
and hoart rate. Blpolar lead system (CM35) was
usad for on-line electrocardiographic recording. A
medifled Balk Wara protoeol was followed during
treadmill sxercise’ . Horizontal or downsioping ST
depression of 1 mm or more, slow upsloping ST
dapression of 1.5 mm or more and 5T elevation of
1 mm ar more, measured by the compuler at a poinl
85 milllseconds afler the end of preceding 'R" wave
weare considered positiva daring tag tread alll exer
cisa’,

Patisnle showing no sianificant abnoimalily
during or after the sub-maximal to maximal tread-
mill exercise (all tha 187 subjects included in this
study) ware then evaluated by non-invasive lechni-
ques llka lransthoracic electrical Impedance, sysio-
lic: time Interval sludies, echocardiography and
ambulatory monitoring whenever necessary and had
shown no significant abnormality, They ware, then
subjected to the dual stress of hypoxia and Double
Master two step exarcise ("Hypoxic Stress Test”-
DMTH) . The DMTH was carried cut in a decomsn-
regsion chamber (Institute of Aviation Medicine,
Bangalore] at a simulzted al'i*vde of 15,000 ft- {#592
matres}.  Written Informad conzeni was taken
from all subjects before the test. One or two sub-
jects at atime were evaluated, a trained personn=|
accompanying them Inside the chamber for recording
respiration rate, blood pressure and electrocardio-
gram. A physician and =& specialist in Aviation
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Madicing stood by ar any emergency. The subjects
were taken upto the simulated allitude of 15,000 ft at
3,000 ft per minute and kept there for 45 minutes
without any additional oxygen (‘hypoxic environ-
meant'), 12 lead ECG was repeated and then DMT
exercise was given lo the subjects. Conveéntional
45 lead application'' during the exerciss and post
exercise ECG was recorded at, immediately atfter,
5 minutes and 10 minutes afttar exarcisa in the follo-
wing order-V4, VB, VB8, V1, V2, V3, aVL, aVF, aV¥R,
I, Il and 1. The subjects ware than broughl down
at 2,000 ft par minute and examined in detall to
axclude any complications following exposure ta
docompression.

Electrocardiograms were anulysed and compn-
red with the DMT graphs recorded at ground lavel.
Horizontal or downsloping ST depression of (0.5
mm or morée for at least B0 milllsecond after the 'J'
point was considered positive following Double
Master two step exarcise at ground lavel and under
hypoxia* . Patients who had no abnormality follow-
ing the DMTH test were cleared to the highest grade
of rehabilitation and oftan posted lo high altitude
terrains. They havs baen followed up ragularly
at yearly Intervals lo exclude deteriaration of clinical
znd electrocardiographic status.

Observations

187 malz service personnel with mean age of
44,32 + 6 &5 years ware included in this study. None
of the subjects had any clinical abnormality ar comp-
lication. Relavant biochemical parameters wera
normal in all. Resting ECG's showaed stabilisaed
old myoccardial infarction/insufficiency patterns.
Mone had any abnormality during Double Master
two step exercise at ground level. Treadmill exer-
cize could be completed upto 1C0% (maximal) heart
rate in 85 subjects, upto 85% heart rate in 47 sub-
jects, 907, hearl rate in 33 subjects and 85%, (aub-
maximal) in 42 subjects (Tablel). OQut of the
122 subjects who could not reach upio maximal
heart rate, 84 subjects had extreme fatigue, 31 sub-
jects had cramps in the calf muscles, 4 subjscts had
giddiness requiring termination of the test and in 8
eiectrical dizturbances at the pealk resulted in dis-



Table - |

Observations during Treadmill Exercise

(at ground |avel)

Grade of  Number Mean Mean Mean Mean _ Cause of termination of tast
exercisa - of basal paak 3T duration  Extreme Leg Giddiness UOthers
cases heart heart depre- of fatigue cramps
rate/ rate per  ssion exercise
min min {mm) {min)
100%;, Gh 68.714 189.23 —{1.56 17.36 — - —_
+4.25 F4.14 +0.21 + 213
05%, 47 56.21 174.18 —0.81 15.31 28 17 1 1
+3.28 4:5.23 +0.16 -|-3.26
00, 33 70.04 168.39 —0.71 1418 24 5 2 2
+2.16 +6.84 022 +2.88
857, 42 f9.84 1530.11 —0.78 12.32 32 8 1 -
4-3.56 +4.23 40,13 1-1.86
Tabla - ||
Comparative study of various parameters before and
after DMT at ground level and under hypoxia
Faramaters Mean value Mean value Significance
with SEM with SEM (P valua)
ground level undar hypaxia
1. Resting heart rate/min Bd 42 85,52 =0.001
— £.84 — 3,78
2. Resting Resp rate/min 16.14 17.64 =10.05
= 1.80 + 1.33
3. Resting systolic Blood Pressure 136.46 139.32 <2 0.058
i 4 6.85 + 5.2
4. Resting diastolic Blood Pressure 84,12 83.49 (.05
<4 am + 2.86
‘ E. Peak heart rate/min after DMT. 58,14 118.32 = 0,00
= 4.3 + 6.45
il | 107
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continuation of the exercise. None showed abnormal
ST segement depression or significant arrhythmia
None had any complaints during exposure to hypoiia
under hypoxic environment, Their mean respiratory
and exercise rate and mean blood pressure did not
show any significant change under hypoxia as com-
pared to lherespeclive mean values recorded at
ground lavel Table (11},

Analysis of resting ECG al ground level and
under hypoxia :

The mean heart rates al ground level and under
hypoxia were 68.42 +6.84 per minute and 86.52 - 3.79
par minule respeclively, the increase being stati-
atically significant (P = - 0.001). 15 subjects (8.027,)
showed mulliple supraventricular ectopics and 5
subjeclts (2.67%)) showed mulliple unitocal ventri-
cular ectoples during exposure to hypaxia whereas
nona had any at ground level. The mean QRS axis
In the forntal plane was 54,8+ 825" at ground level
and 65.2 1 5.84° under hypoxia-an approximate mean
shilt of 10,47 to tha righl. Increase in the height of 'r’
in ¥1 by more than 50), was recorded in 35 cases
(18.71%). Upright T waves in V1 seen in 84 cases at
ground level ware found to be inverted in 23(27.38")
whereas inverted T waves in V1 seen in 103 cases
wersfound to further deepen by more than 50°%, in 47
cases (45.83%,) under hypoxia, T waves in V5,VE
were flattened fn 11 cases (5.88%;) and Invertad in 5
cases (2.67") under hypoxia, There was no signi-

ficant ST depression recorded under resting
hypoxia.

Analysis of ECG after Double Master twa step
erercize at ground level and under hypoxia :

The mean heart rates immediately after DMT
exercise at ground level and under hypoxia wera
9814 . 4.31 per minute and 118.32-16.45 per minute
raspectively, the difference being  statistically
significant (P= > 0.001). (The mean pecak heart
rate and mean peak ST depression during treadmill
exercise were 167.32 - 4,81 per minute and 0.72
1= 0.14 mm respectively). 12 cases (6.417) showed
parsistence of premature beats (9 supraventricular
and 3 ventricular) during the DMTH test, whereas
no arrhythmia was recorded during either DMT at
ground leval or sub-maximal to maximal treadmill
exercise, Signlficant ST  depression (more than
0.5 mm) was recorded In 43 cases (22.98%) 23 of
them horizontal and 10 downsloping In nature—
folowing DMT exercise under hypoxia in contrast
to none recorded after DMT at ground level
(Table I11).

Patients who showed no significant abnorma-
lity after DMTH have been cleared to highest grade
ot rehabilitation (Table—IV) and followed up for
& months to more than 5 years including tenures in
mountainous terrains — none have shown any |
clinical or electrocardiographic deterioration.

Tahie - 111

ST seament depression during stress tests

ST segment DMT at ground Treadmill DMT under
depression {mm) level axercise hypoxia
=08 187 (1004%:) 3t {16.57%) 144 (77.01%)
0.5—1 — — 107 (57.22%) 15 (8.32%)
el = = 49% (26.21%) 28 (14.97)

*Slow upsloplng ST depressicn
{within normal limits).

108



Table - 1V
Grades of Rehabilitation

Grades Equivalent Medical Category
ARMY NAVY AIRFORCE
Ground duties Pilots

| P1 =1 A1l A4 G A1 &1
Al G2 AR G1
A2 G2
] P2 o2 AP Ad  G3 A2 G3
52 Al A3 &1
51 AZ Al G2
Ad GBI
11 P3 53 A3 A4 G4 Ad G5

53 A1 Ad G5

53 A?2

Digcussion

A programme for rehabilitation of patients with
Ischaemic haart disease and myocardial infarclion
should aim at returning the patients to their original
duties as far as possible. The programme schedule,
tharefore may vary trom centre to centre evaluating
groups ol subjects engaged in different types of

johs. The patients in the Armed Faorces are
evaluated by us with a view to achieving eptimum

cardio-vascular and physical fitness so as to be
able to work under adverse conditions, in wars and
emergencies and at high aititude, In addition to
treatment with specific drugs, dietic restrictions,
cantrol of risk factors and graded exercises, these
subjects are periodically evaluated with various
non-invasive tests to assess the grade of proficiency

achieved.® Finally, thay are subjected fo hypoxic

streas test in vew of the specific service reguire-
ment—Io =erve undar hypozic environmeant in the
mountainous terrains, and in case of aviators—to
fly sophisticated aiteraft requiring split—second
decision tor success and survival. Esxercise under
hypoxia has besn shown to be a safe proce-
dure.”.”.", 1 Agute exposure to hypoxia (“rapid

induction''} produces sinus tachycardia, shift of
ORS trontal axis to the right and ST-T changes in
the right wventricular leads suggastive of right
vantricular preponderance (overload) pattern even
in normal individuals; these ohservations have
been variously explained as end result of hyparven-
tilatian, lower posilion of diaphragm and acute
pulmonary congestion.®, ", ", ',\" ST-T chargas in
the left ventricular leads wunder hypoxia on thae
otherhand are apparently du¢ to latent ischaamic
heart disease® ® The electrocardiographic

evidences of right ventricular preponderance
recarded in this study are similar to. our earlier

chservations. * The interesting finding noted thls
time by us, howevar, is tha ischasmic ST dapression
In Isft ventricular [2ads |n 22,997 cases exercéised
(DMT) under hypoxia, all ot whom had earlier shawn
‘normal’ response to Double Master two atep exer-
cise and submaximal fo maximal treadmill exarciss
at ground level. This statistically significant
percentage of peositivity highlights the usefulness
of hypoxia stress fest as a reliable method for
evaluation of ischaemlc hearl disease In addition i
various other stress teat techniques aveilahis In our
country, Subjects cleared by thls evalualion have




heen working in varous strenuous Armed Forces
employments for periods ranging from one year
to over five years including postings te mountainous
terrains bul none have so far any clinical or
clectrocardiographic deterioraton.  We, therefore,
feel that evaluation by exercise under hypoxia is a
safe, reliable and justifiabla screening test for cases
with stabilised ischaemic heart disease required to
ba rehabilitated at high altitude
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