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Abstract

S B

I.‘WENTY wirerew  with nenspecihe EGG ab-
normalicies wore study Ilectros
cardivgrams were recorded At rest. in lying and
standing positions, alter Masters Double Two-step
exercise, during and alter submaximal and asinal
treadmill exercise, during ond alter hyperventilation
and valsalva manacuvre, under liypoxia ar rest and
after Masiers Double Dweosstep exercise, duving tily
table studies and duringfalier + Gz stress. All such
slegtracardingraphic  investipations  were  repeated
alter adinisteatizn of Beta blockers {Propranclol).

sefecied T

Majovity ol mnonspecific 5T-T
recorded ia the inferior wall leads—ai rest and after
Muasters Double Two-Step exercise. ROG recording
after administration af propranolol showed reversal
This group showed ECG

vispregulatory  syndrome,

changes ware

le normal in eleven cases
changes  suggestive  of
Two cases in thisseries are =till under {ollow up to
exelude ischaesmic heart disease, Three cases showed
pastural correction of T-inversion. In the remaming
four cazes the exact nature of ST-T aboormalites
could not beestablished, The role of ather stress
tests and value of Beta Dblockers in cases of non
specific LOG abnormalities have been discussed.

Introduction

The presence of IHD is a grave risk 1o alrcrew
due to the possibility of sudden incapacitation while
flying, Thus, early deteetion of THD amonyg aircrew

becomes an hmperative requirement,  Rourine RCGs
are heing taken for all aircrew av entry and also
luter on asa follaw upar regular intervals,  Seme
of these aircrew show changes in UG both ae vest
and plter exercise, which are non-specific in nuture.
A Jarpe number ol such cases remain under ohservation
for a long time, in the absence of o definite dingnosis,
It hus been a problem o decide abour their [lying
firncas, I view ol this, a detailed evaluarion of
such ** asvmptomatic nonspecific EGG abuormality ™
with various stress tests available ar LAM was carried
out in order to establish and outline a standard
programme of evaluation of these cuses lor eatly
diagnosis and disposal,

Material and Methmls

Tweniy ulrcrew with asymptomatic non specific
ECG abnormality were selected Tor this studv.  The
nonspeeific ECGG  abnormalities included  in this
serics consisted mainly ol T wave changes such as:

(i} T waveat law amplitude

{ie)  Flat T-wave
(iii)  loverted T wavesin inferior leads IT, TIT
and aVF either singly or collectively
(i) Inverted T im the antero-septal chest leads
V] and V2
(¥} ] " depression of 5T segment by less than
I mm,
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Detailed history with special refercnce ta IHD,
diabetes mellitus, hypertension and addiction to
fmoking or alcohol was elicited [rom each subject.
General and systemic examination was carried out
to exclude any orgamic illness. Investigations like
Hboe, TLG, DLE, ESR: wurine RE asd ME, blood
urea, uric acid, serumn cholesterel, Standard I,
Serum  sodum, potassiom, N-ray of the chest and
Tilt Table studies were curricd out in all cases. ECG
recordings included the following :

(7} A 14 lead resting supine LOG

(1) 14 lead FCG in standing position

() ECG (V5 biefore, during  and  alier
hyperventilation for 3 minutes

(i) BECG (Va) before, dl!]'ii:g and  afier

valsalva monocuvre

(v} LCC afier Masters Double Twa- -Step

Exercise
(v} RCG during and alter submaximal and
maximal treadmill exercise
(vif)  ECG at rest and after Masters Double
Twa-Step Exercise at simulated. altiiude of
15000 ft {under hypoxial,
(vifi}  LOG belore, during and after expasure. (o

+ iz srress

All the above tests were repeated after the officers
were administered Proprauclel 40 mg tds for three
days. The investigations were spread over a perind
of twelve davs for each subject.

Results

Scven cases were moderate smekers (Jess than
ten cigaretles per day). Noncof them were addicied
to alcolinl, theugh they consumied occasianal drinks
(2~3 pegs) in social gatherings. Age varied berween
30-34 years. None was obcse. (Jeneral and svilemic
examinations did pot reves) any abnormality,  Bio.
chemical parameters and X-ray chost were normal in
all the cases,

£

Breakdown of various 1Q0
twenly cases is given in Table-1.

abnormalities i

TABLE 1
O G Abnarmialities

Aboormality M. of e
T inverted in IT1, HI (R). aVI
upright in a¥F (R) 2
T inverted in I1, IT1, aVF, aVF (K !
T inverted in 11, Biphasic in aVF 1
T inverted in IT1, 111 (RY aV1® and
hiphasic in aVF (R) p
T inverted in 111, Biphasic in [IT (Tt}
aVF, aVF (R) 2
Uinverted in LI, YIT (R),  Flal in aVI
and Biphasic in aVI (R) 2
T inverted in TTT, 111 (R). Isaclectric
in aVF, aVF (1) 1
T Isoelectrie in I, aVT., ¥3, Vi, V3 and
V& inverted jo IIT and aVF 1
T Tsoelectric in 1T, upright in 1T (1),
aVF, aVF (R) o
Low woltage T in 11, III, aVT' and
liaclectric 1 in 4 VF 2
Normal resting FCOG, but after DMT, T
hecomes Biphasic in II1, upright in aVF
with “]" depression a

Normal resting KOG, post exercise EQC
shows T inverted in 111, Tsoalectric in aVl,
T inverted in V2, V3 with <" depression of

5T segmaont 1
T inveried in V1 and ¥2 1
Total 20

The localisalion of 11.C.G, abmormalities and
evaluation alter propranolol are given in Table 2,
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TABLE 1

Localization

Aren of b Pastural
involvement Prs: drag (CCerrection
Inferior wail 14 4
Anteraseplal 4

{1 case with

Inl. wall)
Antero-lateral & d

{all 3-chses
wilh Inl wall)

lateral wall

Totalrercentage 201005, J: lats

Majority ol cases (14 out of 20} showed inferior
wall changes (Fig. | and 2). One case had antero-
seplal T wave changes. Two subjects had normal res-
ting ECG. One subject with antera-septal and three
cases with anrero-lateral and lateral wall changes alsa
had ussociated inferior wall changes. A typical record-
ing it given in fig. 1. Repeat resting RECG alrer
administration of Propranolel showed correction of
inlerior wall changes to normal in ten cases ;. partial

Fir, 1 Resting E C G showipg
mferior wall chunees

RECEATH R g
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of ECG Abnormalitics and Fvalwation after Prapranalal

Pagt drug (Propra nqi_n_l'l

= ; Pasetyir Ily-.- . ‘-ﬁlli
Corrected corrected corrected
10 g 7
! = -
(! case counted in
Inf wall group)
| l |
{counted in teotnted {eounted
Inf wall group)  in Infwall in Inl wall
group) proup)
114558 2010%. FaE e

carrection was scen in twa cases and oo change from
the resting LOG pattern was observed in four cases.
Both cases with antero septal changes were corrected
following propranolnl administration. Out of the
three cases with interc-lateral and antero-lateral
changes one showed correction (Uig. 2} and one
partial correction, after propranolol admintstration

-

53% of the otal LCG ahnormalities were corrected

_... iy
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Tiz. T Resting E © O showing correction of
infertor will changes alter Inderal



with the drug. 102 showed partial response wheee
as 337 did uot show any response,

Three cases with T wave changes in inferior
wall showed nurmalisation of the record on standing
puositinn (postural) one such recording is given in
Fig. 3
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Fig. 3
Posturel changes in FC G
(e} Resting EC G Lying pesition )
( by Resting ECG { Stinding pasitioa )

ECC recorded during hyperventilation, and
valsalva manocuvre did not affect the T wavesin any
of the cases.  Tilt Table studies were narmal,

Table 3 shows the ECG aboormalitics with
DMT belfure and alier adminisiration of propranolal,
In 11 out of 20 rases the ECG abnormality got
corrected with the drug,

TABRLE 3
DMT: Further Extemiions of ECG Abnormuiities

Changes spen Fre drug Pf_m deng
Corrected  MNol corpected

Antero-sepial & i 2

Lateral wall 3 2 l

Inferior wall | i il

5T sagging 3 2 1

Tall T in ¥2, V3 I 1 =

Low Amp of T in

V5, V6 2 2

Low Ampof T&E R - -

VEPE 2 2 =
Tatal 20 14 fi

bt

Tuble 4 shows the etfect of Submaximal/Maximal
Treadmill stress on the EQG pattern,

TARTE 4
Submaximal Maximal Treadmill Exercive

ost dlrog

Changes seen Pra drug o,
k Purtilly e ror ol Mt

coriacied cowpeciogd

Inferior wall A @ 2 1
Inf. lateral

& luteral . 1 |
Antero sepial 2 I 1
ST depression 4 - 2 |
Laow violtage

of T | = | -
Supraventricular

eutapics | E I -

Table 5 shows changes in the EQG recordings
nhsreved alter Masters Double Two Slep exercise
under hypaxiv,

TALBLE 5
Hypoxia Test { Extension seen)

Post drug

Clismpes scen Pre drug _

Corrected Mol corregicd
Antero-lateral
& lateral wall o} 4 1
Inferior wall Mil = =
ST depression 4 2 1
Low amplitude T 1 1
Supraventricular
ectopics @ 2 -
VEDB 1 | -

The effect of G stresz on the BOG abnormalities
before and afrer administration of propranoclel is
shown in Table -G,

TABLE 6
Acceleration Fxposure ( Extension seen) — Fig 4
Post drug
Chzpges seen Pre drug — . L
Currected Mot carreched
Lateral wall 1 4 ~
Septal 1 1 .
Inferior wall il il _
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Fig. 4
EC G record during acceleration
{a) Resting record
{ b)) Record during Peak G
{c) Record doring Peak G after Iniferal

Cases were fallowed up from six menths e twe
years and repear ECG recording under the above
stress tests showed no [urther delerioration except in
two cases.  These bwo cases are vnder lower medical
categoey and ohservation,

Diiscossion

Approximately  two  thirds ol patents  with
significant coronary artery disease decumented by
coronary aogiography  have a posinve  exerciss
ECGGE, More severe the corenary terminal narrow-
ing aud greater the number of vessels invalved, more
it the likelihood of exercise ECG being positive, A
positive exercise ECG in a normal person has also
been shown o coreelate with the subsequent develop-
ment nf significant coronacy artery diseases?

Frolicht described a distiner clinical entiry calied
«“Hyperdynamic Beta-Adrenergic Circulatory Srare™
and postulated that it was cansed by the higher reac-
tivity of the Beta-Adrenergic receprors to the usual
stimuli ard not due o excessive stimulation of these
receptors.  Palpitation is the main symptom in this
group. In some it persisis for inordinately long
period following exercise.  There is always an oxces-
sive rive ol heart rate on standing up and a dispropor-
tionate tachycardia on exercise.  The hacmodynamic

DECEMARR 1570

response to upright tile and valsalva manoeuves tesls
are The Liyper acute response 1o lera
receptors tan be provoked by iniravenous administra-
tion of Tyramin and Isopransline infusions.

rorisal,

Gorlin and his colleagues'! deseribed a proup of
peuple with suspected heart disease and low physical
wasting  capacity due to inadequate adjustment ol
peripbieral circulation and rermed this condition ax
S Waro Regulatory Asthenia,”™  In these cases the
rssential  harmodynamic  disturbances aroe relative
peripheral  vasodilatation and a large bload Now,
During work the excessive blood flow through othe
tisenes remains unchanged, hence there iy a relatively
diminished blood flow through the warkine muscle
from the given cardive vutput, Such cases showed
prthostatic changes an ECG in the form of 5T depres-
ston and diminution of T wave amplitude or T-wave
imversion in the erect posture.

Nordenfelt=" and Lurherg” reparred correction of
nonspecific ST-T chunges Ly use of Beta Adreneryic
hincking agent (Propranolol) as opposed o cases of
coronary psutliciency and  post myocarditis  synd-
rome. ECGC chesoges were thought to be due (o
excessive sympathetic acrivity,  Ttiz important io
recognise thisidentity, otherwise ST-T changes during
exercise may be misintevrpreted.  The 511" changes
are nsually confined to the inferior or inferior and
lateral leads, oceassionally in leads T, and aV1, and
inversion of T waves in all the precordial leads.
Carrection of ECG abnormalities lollowing proprano-
lol have alto been described by deveral workers
3 L0 %R, Khanoa ot al®t reported aggravation
ot 81T changes by valsalva manoeuvre, which wauy
reported to be normal by Friesinger ¢t al’. Inour
serice 11 cases (33%) fit in the diagnosis of vaso
regulatory ahnormality.  Smith et al'? have recorded
the return of abnormal T wawve patrernsin 17 of 25
cazes with clinical evidence of cardiovascular re-
actvity. Tn the remaining cuses it may have beena
combination of cardiovasenlar reactivity and coro.
nary atherosclerosis.

ER L O
S T

The value of Propranolol asa diagnustic (ool
fur separating functional frow vrganic diseases seems
to have a reasonable climeal basis,  Stress induced
catecholamine liberation can produce physical signs
and ECG changes comparable to changes associared
with organic cardiovascular discase. Beta blockers
reduce thre foree of myocardial eontraction and de-

e




Since there
the myocar-

vreast the cardiac ourput and heart rage,
iz an overall reduction in the function of

dium, this also reduces the vxyren requirement of

the heart!Y,  Consistent with myocardial ischatmia,
cctopic beats, arrhythmias along with Towave LIVeT-
sion and R-ST scgmemt displacements have been
vhserved in sirwations assaciated with srreess, both
physical and mental.  Since the input of catechola-
mines acting upon a noraul myocardivm was 5o
intense (hat it produced ischaemic changes in the
elecirocardiograny, ohviously removal of the stross
would reverse the pauern. If however, reversal of
the R-ST scgment and T-wave changes were not
allected, then we conld hypothesize that significant
atherosclerotic changes ur stecnosis were present pe-
gardless of catecholamine concentration.

Hisy et al'® found 581 eases of non specific T
wave changes in the FOG swrvey of 67,475 healthy
males of various ages of flying status in US AF. [n
this study, low T-wave wmplitudes in both limb and
lutera] precordial leads withour widening of the RS-’
angle increased significantly with age. THD as the
underlying cavsal factor for these ECG changes could
not he proved. Leltward rciation of the T-Vector
in the frontal plane and left axis deviation of QRS
axis may produce Tewave chaoges in lead II, WV ae
well as V4, V5 oand V&Y, Bloom? has described fear,
gun shot startle, psychiatric patients with emotional
reaction, cardiovasenlar neurosis, hyperventilation,
hypoglycaemia, rachycardia, insulin <hock therapy,
administration of adrenergic drugs, female hermoges
and psychosis as some of the extra cardiac causes proe
ducing non specific KOG changes,

Exereise in hypoxia chamber is vet anather nun-
invasive test being used for screening of ischaemic
heart disease. Kbanna et al'" and Frolicher er al’
have nsed this test for evaluation of cases of ischuemic
heart disease. In our teries a total of fifteen abnor-
mal EC{G echanges were seen  under hypoxia and
exercise under hypoxic environment. Repeat test
after Propranolol administration showed correction of
all the abnormalities including ventricular and SUpra-
ventricular €clopics, excepr the two cazes, which alter
hiz test were considered to be duc 1o 1M,

Ellects of positive Gz on the cardiovascular system
have heen studied in detail by many workess! L
Various mechanisiny have heen posiulated for the
production of arrhythmias under +Gr stress vie
variation in the tone of extra cardiac nerves, varia-

kit

J5 Bant,

tion in the filing of the individual chambors of 1
heart. Changes in the position und canfiguration .
the heart during acceleration and other HEPCRATS o
emational Tactors like anxiety causing catecholamiy
eftect.  Rai et al ¥ consider the inversion ol T-wan
during + Gz exposure to be mainly due 1o increase
sympuathetic tane which is corrected by Beta blocker
Krishnamurei et ul 7 have issued a word of Citilin
while interpreting ECG changes under aeceleratio
farces due 1o sudden change o the sovironment
condition for the heart. Khanna et al !5 iy ihe
studies ol + Gy stress on subjects with vaso regulator
abnormulity before amd alter acdministration of Bel
blockers, have reported prominent Pawaves,  inver
sion of 'I' waves aod minimal 8T segment depression
These returned to normal afier et blockers i
hence ischaemia as a cause of these chanpges was rile
e,

In the present series we Lave been able 1o find 1
wave changes during aceeleration stress in four case:
which have been corrected afrer the administration o
Propranclol. In none of our cases we lLave seer
sgoificant P-wave or ST sepment chunpes,  MNo
arrhythmias were recorded eithey,

Conclusion

Beta blocker (Propranclel) in this series, thongh
has led o the diagnasis aof vasa-regulatory abnors
mality in mure than 509 cases, has not provided
definitc  means ol exclusion of ischaemic heart
discase. It is felt that repeated assessment and
periodic follow up ol such cases will be more reward.
ing in diagnosis of ischaemic heart disease than Pro.
pranalal alone,
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