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AStudy of Cardiac Function During Heat Stress using Systolic Time
Intervals

MB Dikshit, PK Banerjee, PLN Rao, EM lyer.

Eighteen hoalthy male voluntesrs were exposed lo
a kot environment {52 deg. dry buib, 33 deg. wel bulb) for
50 min, Contractile funclion ol the heart was sfudied
uslng the syalolic Ume intervals, The heat exposure was
sccompanlad by a significant decrease In the pre ejection
pevlodilell  venlrculer Ume ratlo (PERILVET), tha
pre-gjection perlod index (PEP), and an increase in lhe
Iaft ventrlcular ajection time index (LVETI). The Q32 (the
aleciro-mechenical Hme Index) showed & reduction. The
resulls suggest an Incresse ln myocardial contractile
function In He Inftsl 40 min or 80 of the hea! exposure,
but towards the end of the exposure, the relative
reduetion In the PERYLVET ratlo tends to reduce, This may
monn 8 relative decresse in the hearl contractifity. This
finding maey be of relevance In the generation of heal
Induced ayncope, and in the cerdioveascular slalus of a
patient of heal stroke.

Key words: heat atrass, myocardisl contrectily, STI

Exposure 1o moderalely severa heal
siress Is mel with in miltary and indusinal
situations, and is likely to affect body physiology
adversely, The problem is paricularly severe
during high speed low level llying in the summer
when gircrew are often exposed 10 high cockpit
temperatures for 40-50 min (in fighter nferamnsj
resulting in whole budy heating was
sugnesied by Rowell® that inotropism of the hean
ingreases with an increase in body temperature,
and this effect helps lo maintain the stroke output
and the systolic blocd pressure (SBP) eventhough
there is a substantial peripheral vasodilatation
which would fend to reduce these twe variables.
Frey and Kenney® used sysiolic time inlervals
(STI) 1o examine myocardial contractility of normal
subjects during heat exposure to conclude that
this variable increased only after aboul 15 min of
exposure. They did not report on the PEP/LVET
ralio, and the electromechanical index (Q52i)
which are reliable indicalers of myoccardial
contractile  activity® and based their
conclusions only on the decrease in the
pre-gjection period (PEP) index. Also, during
moderately severe heal exposure (as mel with in
low level flying In the summer) the body
temperature increases to about 30°CY, while
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the core temperalure in the reporlad study
increasad only to aboul 37°C. The method used
by these authors to Increase the body
temperalure of their subjects was different to the
whole body healing in a hol cockpit used by us.

The findings of the Frey and Kenney sludy
therelore may nol be applicabla o the heat siress
situation met with by aircrew during low flying. In
view ol lhis, we have measured the myocardial
contractility of our subjects exposed lo moderately
savere heal stress using STI. The sludy has
ralevance o lhe physiological tolerance ol military
aircrew exposed to heal stress during high speed
low-level flying

Material and Methods

Fighteen healthy male volunteers (mean
SD of age 320 + 8.3 yr, height 170.9 + 4.8 cm,
welght 64.0 L 5.7 kg.) were recruiled lor the study
which was ethically approved. The subjects were
clinically examined to ascertyain their fitness to
undergo the experiments. Their prior consent was
obtained.

Precordial electrodes, the carolid pulse
pickup transducer (Brilish Physical Lab, TF
111-5), and the BPL phonocardiograph
(TK-111-5) werg applied 10 record a CM5 ECG
lead, the carotid pulse tracing and the
phonocardiograph record. The output of the two
iransducars was amplified in 2 BPL 1083 A input
box, and recorded simultaneously with the ECG
on a Grass bd polygraph ai 100 mm/sec. The
glectromechanical  systole  (QS2), the left
ventricular gjection lime (LVET) and the
pre-ejection period (PEP) were derived by using
standard method®

Tha gral temperature was measured using
an Ellab (Copegnhagan) thermocouple probe and
galvanometer. The skin  temperalure was
recorded using a Naina temperature recording
systam with the skin sensors placed on the ¢hest,
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the right arm, right thigh and the right leg, and the
mean skin temperature was derived from this dala
using Ramanathan’s formula'®

Alter the resting STl and body
lemperatures were recorded at room temperalure
(25C), the subjects underwent a 50 min exposure
to an average dry bulb and wet bulb temperature
ol 52C and 33C respectively (Oxford Index 35.4C)
in the IAM hol cockpil in which desired
temperalure/humidity  conditions can  be
maintained  satisfactorily”. During the heat
exposure  the physiological varlables  were
measured at 10 min intervals. The fluid and
electrolyte inlake of the subjecls was not
regulaled. The subjects were free to abandon the
experiment at any lime. All the subjecls
completed their exposures without difficulty. Skin
lemperature could be obtained satistactorily in
anly 10 of the subjects.

The STI were measured from al leasl
5-7 cardiac cycles. The PEP/LVET ralios were
deriveg_ from uncorrected (for heart rate)
values”. The others were corrected for hear
rate using regression equations formulated
from the data of various ST! recorded over a
heart rale range of 43-140 beats/min in 43
healthy male su@jects”. and were than
reported as indices”.

The students paired t test (p <0.05) was
used fo slatistically compare ithe values of lhe
pre-exposure STI and PEP/LVET ralic to their
values measured during the heal exposure at 10
min intervals. It was not considered il necessary
to assess the hear rate and body temperature
responses in this manner.

Resulis

The hear rate and the oral temperature
increased almost linearly with heart exposure
duration while the skin temperature increase also
followed the usual pattern (Fig.1)'

The STI response is given in tabie |. The
PEP/LVET ratio had reduced significantly by the
10th min of exposure, reaching its lowest value by
40th min, bul thereafter increased (relatively)
slightly. The PEPI reduced as did the QSzl. The
LVETI however increased slightly with increasing
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Fig 1 Moan values of aral tnmpetaturg {Toral), mean
skin tomperature (Tekin) and hearl rate (boatsiming lor
subjacts oxposed lo heat strass (Oxlord Index of 35.8°0) for
S0 min in a hat cockpit,

duralion of heat exposure. The mean parcanlage
change in the PEP/LVET ratio is given in fig. 2.
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Fig 2 The mean percentage fall in tha PEPYLVET ratio
from ils control value in subjects exposed to a heat stross of
35.8°C Oxford Index for 50 min. The values were significantly
tower (p = 0 01) upto 40 min of the heat exposure, while tha
SUth min value was significant at the 5% level,

Discussion

There was a steady increase in hean rate
and body temperature with heat. exEosurﬂ {Fig.1).
These effects are well documented®>®. The initial
rapid increase in the skin temperature has been
associaled with a feeling ol discomfort and
performance decrement %, while tolerance time is
dependent upon high core temperature™?,

In this study, an increase in myocardial
contractilty was well established by the 10th min
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Table-] Mean and SE values for the PEP/LVET ratio, the pre-ejection pariod index (PEPI), left ventricidar
ejection time index (L VETI) and the lotal electromechanical time index (Q3521) bafore the heat exposure
(pre-exposure) and at 10 min intervals during the heat exposure.

=

Pre axposura 10 min 20 min 30 min 40 min 50 min
PEP/ M 0.396 0.339 0.335 D.337 0.325 0,346
LVET SE 0.020 0.010 0.012 0.013 0.010 0,010
= M 106.0 91.0 89.0 870 840 870
RER SE 3.0 28 3.0 28 2.8 2
¥ M 361.0 a70.0 370.0 369.0 372.0 a0
LVE SE 33 28 2.4 2.6 2.6 2.4
& M 4860 460.0 A5G0 457.0 457.0 459.0
Qs?l oE 38 5.2 a5 4.0 3.8 45

The * indicate the statistical diffarence of each value compared with its pre-exposure valua using a Students ' last,

*w p 0.05; % =p0.01, 7" = p 0.001. the indices ara in milliseconds {(ms)

of heal exposure (Table-l) because PEPAVET
ratio and the PEPI which are reliable indicators o
myocardial contractility™™ decreased
signilicantly. This effect is likely 1o be dependent
more upon the initial rapid increase in the mean
skin temperature rather than the oral temperalure
change because the contraclilly increase appears
lo have reached its peak with the mean skin
lemperature peak, while a negligible change in
the variable under discussion occured even
fhough the oral lemperature conlinued to rise
linearly wilth increasing duration of lhe stress.
Allan and Gibson'? reported severe discomior in
subjects whose skin lemperalure increased
rapidly during heal exposure. Such a stressiul
sifuation is likely to excite the sympatho-adrenal
axis and cause an enhancement of myocardial
cantractility,

The LVETI in our subjects increased with
heat exposure. An increase or a decrease in this
variable may oceur with an increase in myocardial
conlractility. The former effect is brought about by
an increase in the pre-lcad and a sustained
contraction of the myocardium while the latter is
expected with an increase in the velocily of fibire
contraction®. A combination of all these faclors
will decide the final oulcome. The peripheral
vasodilatation which occurs with whole body
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healing excludes Ihe increase in the pre-load as a
factor which prolonged the LVETI|. Our findings
are supported by the decrease in the QSzl. This
variable is relatively unchanged over a wide range
ol hear rates, bul is known 1o decrease only with
increase in the inatropism of the hearl . Frey and
i~f.r:rn't||3';rnt didd not measure 1his variable, nor did
they report their skin lemperalure data, but chose
lo base their conclusions on their PEPI and LVETI
data, (both the variables showing a decrease)
making it difficult to fully interprel their findings.
They also concluded that in the early phase of the
hearl stress, a vagal withdrawal occurs.

It is also possible that the variation in the
findings of this study and thal by Frey and Kenney
occured because of a difference in the
methadology used by them (dipping legs in hot
water at about 42-45°'C while our subjects
underwent whole body healing as it occurs in the
flight situation, and therefore' may be considered
mors realistic.

Ethnic differcnces between the subjects used
in the two studies may explain the variation In the
findings of these studies. Indians are known lo have
a good lolerance to severe heal slress™.

An interesting observation in our seres of
experiments was |he relative decling ol the
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enhanced contraclility al 50 min of #xXposUre
(Table-l; Fig.2). At this juncture, it is difficult to
interpred  his finding which may be an
experimental variabilty, but could also mean that
the myocardial contraclility slarts to decline when
the body lemperaturs reaches about 38C. More
Sludies will have lo be done to confirm this
observation. If the latter hypolhesis is true, il may
wall be that the finding could have a relevance on
the causalion of heal syncope in susceplible
individuals, and may also help 1o monitor
myocardial funclion of patients with heat stroke.
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