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Effect of Short Term

Exposure to Hypoxia

on Systolic Time Intervals

NN AGGARWAL

'_ T e Y S T S TS I LR T LR UL S bl ol R Sl

Two groups of ten subjscts each were studied
to assess the effects of short term hypoxis on systolic
time fotervals (&71). Gne group consisted of ECG
normal heafthy aduft volunteers and the other of
aduft subjects in tower medical category with the
dlagnosis of ischaemie heart disease (IHD) having
electrocardiographic (ECG) abnormalities  mainly
ST-T changes. Simultangous racordings of ECG,
indiregt carotid pulse traving, phonocardiogram  and
apex eardiogram were taken in resting subjects in
Supine position at ground fevel and st simulated
altitude of 15,000 ft in 8 decompression chamber at
18 minute intervals for a total duration of 45 min of
fiypoxfa. STls were measured.

While the OS5, difference was nosn-significant
"ﬁe:wéen the two groups at ground fevel and undar
Identical conditions of hypoxia, the ECG abnorms!
grodn showed increased PEP, decreased LVET and
significantly increased PEP[LVET ratio when recorded
gﬁgr 45 min of hypoxis though ro such differsnce
was noted ot 30 min,

b e HE study of systolic time intervals {STI)
‘has established itself as @ useful non-invasive mea-
sufe of myocardial performance. Weissler and co-
workers® have contributed enormously in  the
wunderstanding and the clinical uses of STls. Howewver,

JUNE 1982

the applicability of STls under hypoxia to detect
marly derangements of myocardial functions is relati-

vely new.
Material and Methods

Tan healthy volunteers in the age group 19 1o
32 years (mean 22.9 years) and with normal electro-
cardiograms (ECG) formed one group of subjects
(Group A) and 10 asymptomatic subjects in the age
group 22 to 44 years (mean 37.8 years) with ECG
abnormalities mainly “in the form of ST-T changes
formed the second group (Group B).

All the subjects underwent clinical examination,
pulmeonary function tests and radiological and haema-
tological investigations to  exclude any cardiovas-
cular, pulmonary, hasmatological and neuro-muscular
disorders which might directly or indirectly increase
tha effects of hypoxia inany form.  They wers not
aliowed 10 smoke or 146 take any drugs during and
in the 24 hours prior 1o the study.

tiost of the subjects had previous experience
in the hypobaric chamber. Their apprehansion was
turther alleviated by a familiarisation run done for
Ta maenage any untoward
accompaniad  the

primary =sar clesrance test
incidence, a trained obsaerver
syhjacts during the chambar run,
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Simultaneous recordings of ECG, indirect carn- TABLE |

tid pulse tracing (ICPT), phonocardiogram (PCG) and

apex caldiogram (ACG) were made with the subject
i in supine position with head resting on & ring cushion Hypobarie Chamber Profite - Short Term Hypoxii
to avoid any displacement of pick ups on neck
during the period of study. These recordings wers 1
done first &l ground level and them at 15.000 fi Basaline record of ECG, PCG, ICPT, and ACS
simulated altitude in the decompression chamber at simultaneously at ground level.
15 min intervals for a total stay of 45 min. The 7.
profile used lor sach hypobaric chamber un is given
in Table |. The instrumentation and recording set
U is shown an Fig. 1.

=

Ascant to BOOD ft @ 3,000 ft/ min follawed b
descant to ground leval a0 3,000 ft/min ford
clearance,

2. Ascent to 15,000 ft e 3,000 ft/min.
STls ware measured as follows (Fig, 2) ¢ 4. Level offatl 15.000 ft for 45 min.
i a) Total electromechanical systole  (0S.) was 5. Record all paramsters (at 1 above) at 0, 15, 30
measured from the Leginning of Q wave of the and 45 min after level off. 1
ECG to the first high frequency aortic compo- ; i
{ nent of the second haart sound. Descent 1o ground lavel i 2,000 ft/min.
e SIvE O Mﬂ&% gmfmm i i

e e R e e
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i+ Hypoxia
and ACG

llowed by
nin for ea

), 15, 30
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b) Left wentricular ejection tima (LVET) was
measured from the onset of brisk rise of caratid
pulse tracing 1o the nadir of Incisura of the
BHITIE YWHWVE.

&) Pre-ejection period (PEP). the interval from
the onset of wventricular depolarisation to the
beginning of leflt ventricular ajection, was cal-
culated by subtracting LVET from QS interval.
PEP = 15, — LVET.

calculaied from

J} PER/LVET ratio was

and fc).

{b)

{e} Heant rate (HR)was taleulated from the £CG

The indices corrected data are obtained using

Ll

{iis fl’.{l ! ! i

i nie -.'h- L1 IHTI!H'AL -

II .rlll 1 ..'I-
W i

the ragression equations

ef o" for resting condition.
PEP Indax (PEPI)
QS5, Index (QS5,1)
LVET Index (LVET I}

suggested by Lindguist

= PEP + 0.44 HR
= QS; <+ 1.86 HR
= LVET + 142 HR

To calculate PEP/LVET, no corrections are
nacessary and the values wre put uncorrected for
haart rate.

The 5Tls ware calculated by taking an average
of at Isast ten consecutive heart heats at a particular
altitude and duration, both for normal and abnormal
group. The values were processed adequately and
compared far the mean differsnce t valus  and
stutistical signiticance for any particular class  of
observations hatween two groups of suajects.

-

Fad ,’-‘-‘H‘ﬂ:r MF,-.’.‘HJ.
(RS {
kel Ji-l;-nw'mtrm, )

] i) u-mimmm iy
(RRRERT et ' :fwmwmm
_mvm:uw Jiwpt £
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Results

Tha mean STI wvalues in the two groups at
ground level and during verying periods of exposurs

of mean differences in heatt rate and ST1 parameters
in the two groups when at ground level and at
15.000 tt. Table Il brings out the significance of
these differences in the ECG abnormal group when

to hypoxia at 15,000 it simuleted sltitude are briefly
depicted in Fig. 3. Table |l shows the significance

comparad ta the ECG normal group,

TABLE-=II

Signiticance of mean differences in heart rate and ST parametess at 15,000 1t
simulated sltdude from ground  laval valties in the two groups of sebjsets

ECG Abnormal Group (Gp. B)

Parametar _ECG N-_;rmnl Group (Gp. A) :
0 mtn 15 min 30 min 45 min 0 min 15 min 30 min 45 min
Heart rate 13708 13.5% 1447 16.57%* 19:87eY 11290 T4, 3uew 10,44
as, .22.3%* -27.3** -18.2° -27.7** 20,477 254 29,7008 29 0¥
LVET -13.3 -14.9°¢ -13.5* -20%* -12.3% —16.6%%  -217.4% -21.6*
PEP -9 -12.4%* .apB -9.7 -7.6%* -6.3 -8* -0.2
0s.| 14 2 € 1 0 -4 A 2
LVET!I 4 4 &6 3 3 -1 -1 7
g PEPI -6 -8 0 -5 -3 -1 -9 B
PEP/LVET -0.015 -0.028 L 0.00 ~(.027 -0.01 0 0.002 0.038%
u — ¥ Fg:D_DE BE P{ﬂ01 LT P{H.GD'] —
i TABLE 11|
|
: Significance of maan differences in heart rate and STI parameters of ECG
ahinarma! group when compared to those of ECG narmal group at ground lavef
ared at 15,000 7t simulated allituds during varying periods of expasure
|
| Paramater Greund Level 15,000 7t Simulated Altitude
[ 0 min 18 min 30 min 45 min
' Heart Rate -3.5 -5.8 -6.1 -3.6 -9.6*
.- as, 2.2 4.1 4.1 -9.3 7
! LVET LG -3:4 61 -12.4% 8
PEP? G.4 8.1 12.7* 3.4 16.1%
Qs -4.G 8.7 -7.4 -5.8 1.2
LVETI -10 -11 1o* =1 _2pm
FEPI 31 5.7 101 p 121
FEPILVET 0.029 0.034 0.055* 0.031 077
* P<005 ** P<0.01 3
16 AVIATION MEDICINE
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The mean hearl tate for ECG normal group
was 72!min which increased to B5/min immediately
on teachirg 15000 fu altitude. The heart rate
temained near this wvalue after 15 to 30 min of
gxposure and then ancreased to 88.6 per min after
46 minutes of stay at altitude. The ECG normal
ﬁggl_._rp'hu_d s resting mean heart rate of 68 per min at
ground level which increased to 79.4 per min and
remained arcund this value with mild increase upto
30 minutes of exposure and then showed a gradual

fall.

In the present study the heart rate between
the two groups had a mean difference of — 0.6
atter 45 minutes at altitude which was found to be
statistically significant (P < 0.08). :

Total Electromechanical Systala (QS,) values
showed decreass with increase of heart rale on
exposure, but remainad statistically insignificant with
a mean diffarance of —7 after 45 minutes.

17
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The correctad values lor heart rate OS5, index

(Q5,]) between the two groups remained non-signi-
ticant both dt ground level and ot altitude

The difference in Lelt Veniricular Ejection Timsa
{LVET) between the two groups was found to be
statistically significant  (mean ditterance of 2.27,
P < 0.06) alter 30 minutes of exposure, while the
carrected valuas. (LVETI} showed statistically signi
ficant dille.ence after 15 minutes (P = 0.01) and
after 30 and 45 mts (P.<0.05) with increasing mean
diffarence betwoen the two groups.

Masn Pre-sjection Period (PEP) was 98 as
campared to that of the abnarmal group 104 6. Tha
PEP valuss decreased with increase of hesrt rate in
normal and  abnormal group upto 20 minutes of
gxposurs, after which the latter group showed
increase.  The mean difference  between the two
groups from 6.4 at ground level became 127 after
1% minutes and 16.1, after 45 minutes of exposura and
was statistically significant (P < 0.05 and P < 0.01
respectively).  The corrected PEP index for hean
rate remained non-significant.

The PEP/LVET ratio was 0.346 and 0.3786 for
normal and shnormal group respectively at ground
lavel. Whils in the normal group itreached a maxi-
mum of 0347, in the abnormal group it reached a
maximum of 0.412; with a mean difference after 45
minutes’ exposure of 0.077 which was statistically
significant (P = 0.01). This ratio also assumed
significance after 15 minutes of exposure.

The mean wvalues of HR, PEP, PEP| &nd PEP
LVET, when compated berwsen the groups were
found io be divergent aiter 45 minutes of exposuie,
The linear relationship of PEP/LVET ratio st 45
minutes of hypoxia at 15,000 ft revesls that while
diffarence in the normal group shows inverse relation-
ship the abnormal group above shows marked direct

ratationship.
Ciscussion

Systolic time intervals have bsan extensively
used for thke evaluation of left  wventricular
performance in cerdiovascular dynamics. In various

14

studies, PEP/LVET ratio cmerges oul to give the best
resultsts, Other ST paramcters show varying relations
with heare rate under stress, e.q., exercise or hypoxin,
when compared with 15 value in the same subjsct
at rest on ground level,

Various endcavours 1o use exercise ST jn the
carly diagnosis of coranary insulliciancy and myo-
cardial dysfunction had failed to estabilish its definite
diagnostic value. This is because of various practical
problems in making measurements, viz., interroption
of upright excrcise and changing to supine position
or after supine exercise in suping position, distur-
bances during uninterrupted exercisa STl ete,  Apan
from it accuracies are limitad with average regresaion
coctficients, individual time intervals, respiratary
phosa, anwioty, swidoer doviotiong of ebserved valus
and possibility of all the tactors discussed earliar
Compared to other mothods of stress STI, tha  study
undar hypoxia in supine subject could provide battar
comparison with control values in view of the case
in manitoring during any chosen pedad of hypoxia
In the present study the subject maintained  the same
resting position through out the pariod of test, there-
by avoiding the possible sources of errars due to
body movements. The ease in monitoring  could
alsa be used conveniently to determing the point
whera the system starts digressing from normal,  As
it is astablished that the effects of isocapnic hypoxia
alone remains in agreement with those of hypobaric
hypoxia using hypobaric chamber™ the validity of
this test seems more reasonable,

The differences revealad by tha present study
petween ECG normal and abnormal groups can be:
sxplaiied by a number of physielogical changes,
which are induced by hypoxia. Hypoxia cafls foran
integrated action on myccardium  and vascular bed
by vasomotor centre. carolid body reflaxes, reflaxes
secondary to hypoxia induced hyperpnea, direct and
indirect role of sympathetic activity and stimulation
ot adrenal medulla.  The above mechanism results in
cardioaccelaration  under hvpoxia, which affecls
various systolic time intervals.  Initial compensation
is done by an increase in heart rate and latar itis
aeffected by an increase in stroke volume.

AFTATION MEDNCINE
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In the oressnl study the heart rate increased
significantly in both groups immediately on exposury
o hypoxia and continued to do so under longer
hypoxia: The ditference between the groups becomes
significant afler 46 minutes of exposure.  Because of
fallure to sustain compensation, the ECG abnormal
group showed a (all from initial rise, whilst the ECG
normal group showed continued rise

a5, is falt to be the most useful of the STl in
judging the presence of positive inpDropic stimu-
|ationi®  In this study both the groups showed
significant fall from greund  level values. and had
inverse ralation with heart rate.  The fall was mora
significant in abnormal group following 0 min and
30 min of exposwe. However. the 1wo groups
showed no significant  difference under identical
conditions of hypoxia. The corrected QS, for heart
rate remalned non-significant at ground level in both
normal and abrormal groups and did not change
under hypoxia inspite of individual variations in either

cgroup. Ad explained later it was because of increased

PEP and decreased LVET in the abnormal group in
contrast to decreased PEP and increased LVET in the

normal group.

When Q5. is further evaluated in terms of its

components, viz.,, PEP and LVET, the duration of PEP

is mostly dependent upon the velocity of myocardial
shartening. ECG abnormal group with IHD have
raduced rate.of myocardial force development, hance
slow left ventricular pressure rise and increased PEP.

FPEP incorporctes tims required for excitation
sontraction coupling and the pericd of isovolumetric
contraction. Uncorrected PEP showsd significant
2l in both the aroups due to increzsed inotropy.
When compated, there was a significant difference
between the groups following 15 min and 45 min of
sxposure. The corrccted index (PEPI) showed no
significant difference betwsen the groups under
identical conditions of hypoxia. The abnormal

aroup showed non-significant increase following

45 minutes of exposure unlike the normal aroup for
thie reason explained shove.

Both groups showed significant fall in LVET
under hypoxia. €ompared to ground level wvalues,

JUNE 1942

the maasn difference between the two groups was
not significant sxcepl that observed after 30 minutes
of exposura. The normal group showed increasa in
LYET] in contrest ta fall in the abnormal group.
Acute hypoxia has been shown 1o cause a decrease
in total peripheral resistance and an  incraass in stroke
volume. The latter causes in increase in LVETI, a
decrease in PEPI, while leaving QS, unalterad. The
decrease in abnormal group could be as a resull of
impaired myocardial function and underlying reduction
in stroke valume,

PEP/LVET ratio is considered to roflect left
ventricular  parformance” ond is a more sensitive
indax. Study showed progressive decrease in both
groups with increasing duration of hypoxia dus to
beta receptor stimulation which has been shown to
cause a decrease In PEP/LVET. When comparaed to
ground level wvalues, there was a nen-significant
change in normal group throughout 4% minutes of
gxposure to hypoxia, wheraas the abnormal group
showaed s significant rise following 45 minutes of
exposura.  In ather words the ratio remained within
normal accepted range of 0.22 — 0.41 in normal
group’. while it axceaded this range following
46 minutes of hypoxia indicating deterioration
in the abnormal group. As this ratio s
inversely related to contractility, it could be correlated
with already sxisting clinical conditions of the
subjects.

The deviations in abnormal cases are possibly
due to adverse affects of hypoxia on already affected
myocardium  and  consequently  deteriorating  left
ventricular function. Under moderate hypoxia the
IHD group showed an initial normal response and
deteriorated |ster. e.g., longer PEP, shorter LVET and
increased walue of PEP/LVET. It shows that after
cartain duration of hypoxia (45 minutes}), IHD group
was less effective to compensate than the normal
group probably because of reduced contractility.

Conclusions

Stwdiss of systolic time intervals undar hypoxia
provide valyabla information of elactromechanical
parameters of the heart which may be uUsed tor
evaluation and assessment of ECG abnormality,
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Changes in ST| parameters In the normal group
were found 1o be within accepted limits, whereas in
the ECG abnormal group a significant increase in
PEP/LVET ratio aflter 45 minutes of hypoxia was
observed during deteriorating myocardial function.

As the alterations wers obseived after 45
minutes. a longer stay at altitude (80 minutes) might
help in better evaluation by making these changes
MOrE prominant.

Ag this method involved supine subjects with
out any exercise of change in posture, STI under

hypoxia minimised  various limitations of other
mathods of stress STI
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