Effects of Propranolol on the ECG
Changes During Positive Acceleration (1Gy)
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Nlectracardiographic monitoring of 20 healthy subjects was carried our at + 2.5 and
3.5 Gz before and one hour after oral administeation  of 40 mgm of Fropranolol, a Beln
adrenergic blocking agont and the results comparcd. The sue of Propranolol resulted in o

slgnificant bradycardia and cavsed reversal of P and T wave changes ssan on

SRPOEUTE.

progitive O

Ttis, therefore, likely that the FOG changes nre mainly the result of inereased

sympuithetic tone that occurs due to haamodynamic changed on exposure to +Gz,

Introduction

Accelerative forces actinz from head to
feet direction (+Gz) resull 0 significant
and profound alterations in cardipvascular
phyvsiology.  Although the genesis of
cardiovascular reactions produced by + Gz
have been siudied by wvarious workers
and 'well appreciated, 2,4, 5, 17, B fhe
electrocardiographic  changes  resulting
from these accelerations have been the
subjecl of considerable controversy and
discussion. Critical apalysis of thess
electrocardiographic manifestations (! %
34 69 have rtevealed ceriain con-
sistent changes which include —

{a) Significant increase in the heari rate,

th) Peaking of ‘P" wave.

(¢} Flattening and inversion of T wave
or redpction in its amplitude.

The ST-T chanpes are normally indica-
tive of myocardial ischasmia, therefore

considerable emphasis has been laid on
these electrocardiographic findings during
-+ iz,

The presenl study has been carried ot
using  Propranolol, a Beta adrenergic
blocking agent to aseertain the mechan-
ism of these BCG changes.

Material and Methoeds

Twenty healthy subjects in the age group
of 21-37 years were used for our studies:
Clinical examination including an clectro-
cardiogram was routinely done on every
subject to exclude any pre—existing clinical
disorder or electrocardiographic abnor-
nrality.

The subjects were instrumented for ECG
recording from the centrifuge using spe-
cial electrodes. The special electrodes
used were of the floating type which do

not come incdirect contact with the skin.
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The contoet {5 established only through the
condueling jelly, The records comprised
ol the bipelar leads 1, 11 & 111 enly.

The conventional method of limb cleet-
rode placement, 1. ¢, Right Arm (RA),
Eeft Arm (LAY, Left Leg (LL) and Right
Leg (RL), were replaced by positioning
e electrodes at  new  sites  without
jeopardising  the characleristics of the
FCCr  records. Keeping in  view the
isopotentinl map of the human body® the
sites chosen were as follows =

RA — Right delioid region
LA — Left deltoid region

LL — Onanterior axillary line midway
between costal margin and iliac
crist.

RL — Junction of the right mid clavi-
c¢ular line with the costal margin.

The records of leads 1, 11 and 111 by this
miethod were pearly identical with those
obtained with the standard lead placement
Bystent.

These teads were used as the input for
iriple: ECG amplifiers model E-33 and
recorded on a 6-channel jet recorder with
paper speed at 25 mm/sec. Baxc line ECG
records were taken for every subject from
the Human Centrifuge Gondola. Then the

“gubjeets were exposed to the following G

profiles (Fig. 1.3,

{#) Peak 2.5 and 3.5 g for 15 secs each.
(B} Constant rate of rise of 0.5 gfSce,
(¢} Rate of decay 0.1 gfSec.
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The subjects were administered one
tablet of Propranclol (40 mgm) orally,
and after one hour hasal record was taken
prior to repeating the G profiles a5 men-
tioned above. All records were analysed
for changes in heart rate, rhythm, eleciri-
cal axis, Pwave, QRS, T and 8T segment
contours.

Resualfs

Twpical ECG records before and after
Fropranclol arc given in Figs. 2, 3. 4, & 5.
The mean heart rate values pre and post
drug are given in Fig. 6, and Fig. 7 gives
the T wave chanezs seen before and after
administration of the drug. Table [ pives
the mean ranges of ECG parameters belore
drug and Table [T shows these changes
afller drog admimsiration. Tahbles [IT and
IV give the T wave changes seen hefore
and after drug.

The imporiznt changss noted are :—

a. (i) Alinear and proportionate in-
crecase in the heart rate with increa-
sing+ Gz loads.

(i) A significant decrease in the
resting hearl rate afier propranatol.
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TABLE—I

Mean and range of the various parameless of ECG al rest und at diffecent levels of
positive G without Propranolol.

(Figures within the brackels represent range)

Rite 2 Elegtiienl N T
Phase (Par Min) Rhvihm (%) Ed::::r:cl} Jl:[il:ﬁlmudc Contou i {
Resting 82 Regular 60 1.5 Upright 100
(G- -92) Sinus (0601 f1-2)
Sinus
Arrylhmia
(5)
4+ 325G 110 Regular 0l 2.4 Toverted 55
1 (92—132) Sinus {0590 £1-3) Flut I
{100 Upright a0
+ 315G 118 Regular af) 25 Inverted 35
(92— 144) Sinus (090} (1-4) Flat 25
(100} Upright 20
1iii) A less marked increase in amplitude in the post drug phase is
ithe heart rate in the post drug relatively less marked.
exposures.

b. A significant increase in amplitude ¢ (i) F}ﬂ_m-'ﬂiﬂﬁ and inversion of T
of Pwave with cxposure lo +Gz waves in 70-75% of subjects during

both before and after propranclol, +G7 exposures.
though the mean inercase in P wave

dit e

ik

Fie. 2. Pre:Doug Resting Record Fig, 3. Pre Drug Peuk 3.5 ¢ Record.
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] Fig. 4. Tost Drug Resting Record Fig. 5. Post Drug Peak 3.5g Record
]
) TABLE —1I
B Mean and range of the vurious paramerers af ECG at rest nnd at different levels of positive
s G after ane haor of Proprunolel.
18
{Figures within the brackels represent range)
it - : - wal P T
f. T EM';E (pE?:iInj Ith{}‘}rm Etf:;;; 1 Amplitude Contour b
ing i (Degrees) {mm)
Resting 68 Regular (1] 15 Upright 100
{6U—EZ) Sinus {0-£0) (1-2) and tall
(85)
Sinus
Arrythmia
{13)
42,30 b4 Regular 05 1.9 Upright g5
il (72-96) Sinus (0-90)  (1-3)
(45)
Sinus Flat to 5
Arrvihmia Inverted
(3)
435G 941 Reaular 65 217 Upright 93
(Bd-104) Sinus (0-90) (1-3) Inverted 5
| { 100)
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(ii) Significant increase in the T
wave amplitude at rest after pro-
pranolol.

(1ii) Complete abolition of T wive
changes noted in (a) ubove, except
i one case, afler the drug.

d. Sinus Arrythmia present in  one
subject (3%) at rest disappearcd
during +Gz exposure.  Afier pro-
pranolol sinus arrythmia is seen in
155 of cases (3 cases) which dis-
appcared on exposurc Lo 4+ 3.5 G.

¢.  Electrical Axis did not show any
significant alteration during +Gz
before and afler propranolol.

f.  No changes of any significance are
nved in olher FCG paraméters,
viz. QRS complexes und ST seg-
ment,

Discussion

The haemodynamic changes seen during
rositive G are well undersiond and docu-

mented. ‘These changes can be com pared
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with & situption of “Exaggerated Ottho-
stasis % ' The head level arterial PLEssuTe
fulls during positive G cxposure’, the mag-
nitude of which s proportional to the:
length of the hydrostatic column between
the head and the heart, and the amount of
positive G stress.  The fall of BP at the
carotid sinus level resulis in Inerecased
sympathetic tone leading to reflex tachy-
cardia and vasoconsiriction.

The effects of of ety adrenergic hlock-
ade on the functions of cardio-vascular
system: and ECG = el 13 1%, 14, 16
inchude

ta) A decrease in cardiac output, heart
rate, systolic BP and left ventricu-
lar work,

(b) An increase in the end diastolic
pressure,

(e) Decreased myocardial OXYZEN Cons-
umption secondary to decreased
mechanicil demands on the Mmyoca-



lal,

o
SUTE
nag-

the
VEETH
i of

the
ased
chy-

ular
- 1]

weart
ricu-

Lolic

HINS-
g zed
A

EFFECLA OF FROPEANULOL O THE ECU UCHANUES DURING PORITIVE ACUELRRATION

TABLE — 11

Disreibution of T wave changes in Leads T1 and 117 ot rest and ot different levels of
G belore and alter Propranolal

PITASE

LEADS INVERTLED FLAT UPRIGH'T
B | iy No. % Mo % Mo, 9
Pre Dirug Resting 11 — - — 20 100
111 1 5 19 95
+ 2.5G I 15 2 10 15 75
11 11 55 3 15 (4] B
I 3.5G I 30 2 10 12 ()
111 11 55 4 20 5 25
Post Drug Resting I Nil — 20 100
111 - —_ — -— 20 100
+ 2.5G 11 5 -— -— 19 05
11 5 - 19 95
A S0 1 1 5 i . 19 95
111 ] 5 — -— [9 05
rdium and due to depression of rate only. But Nordenfell™ in another

synthesiz of free fatty acids which
is the major metabolic fuel of the
myocardium'e,

(d) Anincrease in the height of T wave
and decrease in the QT inferval.

The significance of the ECG changes
during positive G isuncertain and disputed
particularly in relation to T-ST sesment
alierations, Divergeni views have been put
forward by various workers to explain the
mechanism of T wave alterations. Whereas
Gauer® and Zuvidema at el'® considered
the 8T-T changes to be indicative of myo-
cardial ischaemin, Browne & Filzsimons'
attributed  these chanpes to descent of
Diaphragm during +Gz. Bjauriedi el al
cited by 3, correlated the T wave changes
during positive G to alterations in heart

study was unsble Lo reverse these changes
using rate slowing carotid massage. Cohen
and Brown® feel that T and ST segment
changes are reflex mediated and are an
exaggeration of the changes seen in Ortho-
stasis and during stimulation with Epine-
phrine and other sympathomimetic drugs.
In a later study? the same authors using
Beta adrenergic blocking agent (Propra-
nolol) were able to completely normalise
the ECG changes during 4Gz,

The present study has demonstrated  the
following significant changes during posi.
tive G with propranalol,

{a} Heart Rate : The lowered henrt
rate response o acceleration after
propranclol is consistent with the
rate of reduced sympathetic tone
at rest and under siress.
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(h) P Waves : Peaking of P waves in

Lead 11 was consistent in  lhe
predrug exposures lo +Gz, There
a significant  reduction  in
the amplitude of P wavesin the
post-drug exposures, thus proving
their reflex nature. Complete norm-
alisation of I" waves after the
use of propranclol has also been
neted by Cohen amd Brown?

Wils

e} T wives: Flattening and inversion

(d)

of T waves in leads 11 and 11 was
seen in most of the subjects and
reduclion of amplilude in a few
cases. The T wave flattening/inve-
reion noted in 15 subjects (75%)
were completely normalised after
propranolel in all except one suhb-
jeet (5%), This shows that increased
sympathetic tone was the dominant
factor responsible for the T wave
ghanges. 'The total absence of 8T
segment depression in these cases
also excludes the possibility of
myocardial ischaemia. Alse, the
dose of propranolol wsed in this
study is considerably less than that
required 1o abolish the effecis of
coronary insufficiency.

Rhythm ; The sinus arrythmia at
resl noted in 3 cases (15%) after
propranalol is indicative of relative
intrease in vagal lone consequent 10
the blockade of Beia adrenergic
effect. No other conduction defeets
or arrythmias were noted in this

study.

Acknowledgement

The authors wish to acknowledge the

advice and encouragement of Air Cdre

FEFECTS O PROPRANOLOL ON THH LUt CHANGES DUKING POSITIVE ACCELERATION

JHF Manckshaw,

Rao,

Officer
Commanding, Institute of Aviation Medi-
cine, IAF. We sincerely express our grati-
tude to Wy Cdr S. Krishnamurthy, Wg
Cdr P. M Sundaram and W Cdr ‘5. K.
Mukherjee for their invaluable suggestions
and advice. We are thanklul 1o Mr. P.L.N,

AVSM, Air

Statistician and LAC Gopinath,

Med/Asst for help while carrying out the
study.

REFERENCES

I.

6.

BrownE, MoK, and 1T, PIT2siMons
Flecirocardiographic changes during
positive accelerition with & note on
vectorcardiography, Flying Personnel
Research Committee Report  No.
1009, 1957,

CopeN, G. H., and W. K. BROownN :
Changes in ECG contour during pro—
longed acceleration, Aerospace Med.
40 ; 874, 1969,

Conex, G. H., and W. K. BrownN ;
ECG Changes during positive accele-
ration. J. Appl. Physiol, 27 : 858-862,
1962,

Gavir, Q. H.,
Gravitational
Medicine. Boston @
1961.

and G. ZUIDEMA :
siress in  ALrospace
Little Brown,

T. A. 1A Text Book of
Physiology. Pergamon

(GILIIES,
Aviation
Press, 1865,

KrisusamurTHy 5., P.M. Sunparam
and VIRENDER SINGH : Lffects. of
Positive Acecleration on the Electro-

cardiogram. J A.M.S. of India, |4 :
1=11,197L.
JI.A. M. 5o of Hadia. Octofer 1973 35




10

3

AN, LDR. KULDIM RAT ARD EQN. LR, &, K. DHNN

Me Kzr, E.B., 1. E. Ssurwand G. I,
Kinean : Beta Adrenergic Blockade
—an aid in diagnosis. Aerospace

lion, . Aviation  Med, 23

1952,

330,

Med. 40 - 662, 1969, 3. Suawks, R. : The Pharmocology of
beta sympathetic blockade.  Am S

MoHay MunraLr, ¥, @ Recording of of Cardiol, 18 : 308-316, 1968,
twelve |.¢|.id. FCG during ;.'x-..'{.'ri:!m:, 14, Sowron, L etal.: Haemodynamia
'f:;;h“""‘ of Indla, 13 = 1, 12-19, Oct: changes after betn adrenergic hlock-

: ade : An . of Cardiol, 18 : 317 320,
NorpeENFeLT, ©.: The Orthostatic 1966
changes in the ECG and the heart 15 Svern, S, and 5. TIiSENBERG @ The
rale. Aeta Med Scand, 170 @ 99-109, eflect of Propranola! on the RCG of :
1961, Normal subjecls @ American Heart
MNormenereT, 0. @ Orthostatic ECG Jaurnal 71 : 192-195, Feb 1969, /
changes and the Betn Adrencrgic Retn 16, Worrson, 8. et al. ; Propronololand
receplor bloeking agent, Propranolol, Anging  Pectoris Am. J. of Cardiol
Acta Med, Scand. 178 : 393 — 401, 18 : 345 353, 1966,
19%3: 17. Woon, ELL, et al, : Effect of head-
Panrxen, ). eval. Haemodynamic ward and forward acecleration on the
effects of Propranolol in coronary CVS WADF Tech Report 60—634 -
artery disease. Am. J. of Cardiol. =45 1961.
AR 18. ZuipnMma, G. D., 5.1. Counn, A J.
Pevor, W.W., H.O. Siexeg and SiLYERMAN. and M. B. Ripy:
R. L. Mc WHORTER : Spatial Veclor Human toleranee Lo _ﬁrnlonged Ao
analysis of the  electrocardiogram leration. J. Aviarion Med, 27 469-
during exposure 10 positive accelera- 4581, 1958,

—_—

. A M. 5 of India, October 1973




