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Ta and T wives of the BCG indicate thut depolarization avid repolarization in atria pros=

gress ina similpr direction while in ventricles tend 1o be apposite which has been psswned dua

o pressore and omperature gradients between the epicardiin and endocardium,
an unalysis of this phenomeni s presented hased on the pumptig setion bf uteli und veol-

riches,

[ this paper

In atria inlet and outlet valves are located on opposite sides while fn ventricles they

fre oi thee samie wide. During filling and ejection there 15 no chungs in lhe directlon of Lol

v in atria while

m o ventricles there iz o change.

Therelore sequence of contraction ie

d=pulnrization and relaxation 1e repolarization should take pluce tn the same direclion in atria
and in oppusite direction in ventricles.  As such Ta wave shiould  be opposice v Powave and T

wive same as QRS inpolarily.

Introduction ;

It has not been possible to successfully
{ruce the pathways of atrial and venlricu-
lar replarization in mammalizn learts
becdanse the injury potcntials produced by
extracellular electrodes obscure the poien-
tials cansed by repolarization.
lar clectrodes although they work effce-
ively with surface cells. cannot be used

Intraceiin-

for this purpose singe they cannot cusily
give information aboul the repalarization
of deeper myouvardial cells. Besides, any
type of experimental intervention like
will.change the re-
Thercfore the

direciion

epening the chest sic,
pitfarization  polentials.
only way to zel any hint of the

And this iz seen in the ECG,

of narmal repolarization, is 10

infarmation

use

whatever 15 available from

the body surfitce glecirocardiogram®.

There 15 an isozlectric period beween
end of atrial depolarization und begineing
of ventricular depolarization:  This iz
Becnuse the much larger potentials of the
ventricles conceal the porentials due 1o
atrial  repolarizdtion. Hawever, some
tim=s the ventiicular poleniials do nol
conceal the atrial repolarization potenrials
which mav be seenas a wave called the
Tu or Tp wave having opposite polarity 10
the P wave of the ECG, This
that the repolarization of artium  progress
in o dircciion similar wo that followed by

indicntes

depolarizalion.
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DIRECTION OF NORMAL REPOLARIZATION IN ATRIA AND YENTRUILES- AN ANALYSIS BASLED
OMN THEIR PUMPING ACTION

In most ECG leads the T wave repre-
senlaling  veniricular repolarization has
the same polarity as the QRS complex.
The main direction of the T and QRS
loops of YOG is also more or less the
sume.  This suggests that the sequence of
repolarization in ventricles does not follow
the same pathway as depolarization and
indeed that the pathways tend to be op-
posite, It is assumed that this sequence
of repolarization is due to pressure and
lemperature gradients between the epicar-
dium and the endocardium. Mo theory
has so far completely explained the normal
pathway of ventricular repolarization.?
L this paper an attempt is being made 1o
understand this rather complicated pheno-
m i and as to why such difference exists
beiween the repelarizition of the atria unid
ventricles.

Methad of Analysis

Il atria and ventricles act as pumps,
then why should there be this diffzrerce
in the scquence of repolarization berwean
the 1wo 2. . Although it may not have
been possible to successfully trace these
events experimentally, there ought 1o bz s
reason for this.  The heart is the most
efficient pump and nature must have de-
signed both the mechanical and elecirical
systems of the heart for achieving this
function.

Normally, the conventionnl ECG is
drawn and then the mechanical chanpes

during the various phases of the eyele are
deduced. Analysing the reverse way, we
may try to deduce the general sequence of
depolarizition und repolarization which is
required for the cfficient function of the
atria and ventricles as pumps fe filling
and t‘jl.'rlll‘lll,

In atria the inlet and outlet valve are
located on opposite side. Blood enters
through the inlet valves in one direction
and is pumped oul through outlet valyex
in the same direction ic there is no change
in the direction of blood low during fill-
ing und cjection. In the ventricles inlet
and outlet valves are located on the same
side. Blood enters through the inlet
valves in one direction and 15 pumped out
througa the outler valve in the opposite
direction ie in flow during filling is uppc':
site in direetion to out flow during ejec-
tion. Thus there is a basic differcnce in
the pumping characteristics of Lhe atria
The atria pump in such a
manner that there is no change in the
direction of bleod fow while the ventricles
pumo in such manner that there js a
change in thedirection of blood Aow. For

and ventricles.

such a flow characteristics to lake place,
nalure kas located the ‘inlet and outlst
valves in the atria on opposite sides while
for the ventricles on the same side. The
clecirical system of the heart must also be
so designed by nalure <o that both the
atrin and ventricles pump the blood in a
manner as they do.
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Fig. |
Fig. 1 shows the operation of a simple
pump.  Telet and ootla valves are located

on the opposite side of the cylindrical
Fluid enters at A and is pumped
aut throuph the outlet valve an the appo-
site side-at B, In this suction and com
pression must take place in the sam= diree-
tion, Insteéad of a cylinder if the pump
15 made out of an elastic sze, suelion
coused by relaxation of the sac and com—
pression caused by the contraction of the

sac must take place in the same direction.

The atria pump in this fashien. It is
therefore eszential that the sequence of
coniraction and relaxation of atriz muscles
must be in the same direction. For mus-
cles to contract and relax in the same
scquenece, it is necessary  Lhat the se-
guence of depolarization and repolariza-
tion must bhe in  the

sume  dircction,

Therefore the polarity of Ta wpve should
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be opposite to that of P wave in the ECG,
And this may be seen In the ECG,
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Fig. 2

Fig. 2 Shows the operation of a pump
differcnt from the previous gne.  Inleland
odtlet valves are located on the same  side:
IPor the fluid
to enter, suction should lake place in the
direction A to B, Compression shonld
take place in the opposite direction ie B
tr A so that the fluid is forced out in the

of the ev'ind-rical pumnp,

apposile direction Lhrough the outlat valye
located on the same side as the inler valve,
In this case suction and compression
should take place in opposite direetions.
Instead of cvlinder, if the pump is made
out of an elastic sac suction caused by re-
laxation of the sac and .compressiqn
caused by the contraction of the sac must
take place in opposite direetions,

The wventricles pump in this Tashion,
The seguence of contraction and relaxa-
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{ien of venlrieular museles must therefore
b in opposile dirce.dons.  For muscles to
contriuet and relax in opposite directions
il is necessary that the sequence of depo-
lurization and repolarization should be in
apposite dircetions.  Therefore the pola-
rity of T wave should be the same as the
ORS complex inthe ECG. And 1las s
seen 1w normal ECG,  Before we accepl
these theoriticn! reguirements let us fur

they examine the electrical and mechani

cal funetions of the ventricles.

Fig. 3

Fig. 3 shows the conduciion system of
the heart®;, The impulses originated at the
g A Npde spreads in a radial fashion
through the muscles of both the alrix.
There does not scem 1o be a specinlised

patliway for atrial excitation although

DIRECTION (0 RORMAL REPOTARIZATION IN ATRIA AND VENTRICLES- AN ANALYSIS DASED
ON THEIR PUMPING ACTION

some workers have presented some evi-
denee for an atrinl conduetion system-
The impulses reach the A, ¥V, MNode where
there is a delay and then the conduction
proceeds through the Bundle of His. The
mid portion of the I-V septum is first
activated in a left to right direction,
This initial activation of the septum i§
necessury s that the seplum become:
rigid just before the contraction of the
venteicles and acts like a fulerum to in-
crease the effectiveness of pumping action,
The course of the stimulus through Lhe
free wall of the vedéricle s then fron
apex to the base and from inside to th
outsidde. The lnst regions to be activaled \

are the posterobasal portions of the left Ii‘"h.-

ventricle, the pulmonary conus, and (he
upper most portion of the T-V sepium
because there is little purkinje tissue in
these regions. [L is interesting to note
thuat the mid portion of the 1-V septum
s activated first and the basal portion last
altheugh the basal portion comes first in
sequence in the pathway of the Bundle of
His. This scquenee of activation indi-

cates that the contraction of the myocardium

dium is from apeX towards the base:
Such n sequence of contraction s neces—
sary %o that the blood is [orced out
efficiently through the outler valyes of the

ventricles.

Conducuivity of a muscle depends large-

Iy on the direction of the current in rela-
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tion (o the direetion of the muscle fibre.
Muscles are lar more conductive atong the
length of the fibres than across it. The
stimulus spreads an the endoepicardial
direction mare ar less parpandicular to the
direetion of stimulus in the endocardial
layer, So the way of excitation travels
obliquely  through the myocardium as
shown in Fip. 4. I we consider the left

TERARDIOH |
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T

Fig. 4

of Fig. 4 as the apex region and the right
side as the basal region. the contraction
seguznce would be such-as to force the
blood out from apex towards base.

Let us now, consider some  mechanical
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details of the left ventricle which are
detailed below @

1. lInternal shape of left ventricle is
like a eylinder with a small cone al
end. The superficial museles con-
form closely to spherical shape?,

2. Therefore inner layers near endocar-
dium especially near the apex have
much smaller radius and circum-
ference than ouler layers near epi-
eardium.

3,  With the onset of contraction, inner
layers must shorien more thin ouler
layers  in ejecting a  particular

volume®,

4, Thickness of myocardium is more

al the apex and less 4t the base
while the internal cross section in-
crenses from apex towards base.

5. It may therefore be inferred that in

general the degree of contraction is

more at apek and less at the basal
TEZIONs.

So far the various facets of depolariza-
tion have been discussed. From these,
following prospositions and inferences are
maide regarding the repolarization,

I. Wentricles must also relax'in 2 co—
ordinated fashion and not in ran-
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dom fashion lor cMeetive lling.

2. Binee the outer layers shorten o a
lesser degree than the inner layers
of the myeocurdium, it may be pro-
pused [hal they start relaxing or re-
polarizing first before the inner la-
yers, " That ig, the direction of re-
laxation and therefore repolariza
tion 15 apposite to the dircerion of
contraction and hence the depolari-
zation, Thiz wlll therefore account
for the same polarity of the T wave
as the QRS complex in the ECG,

3. Sinee 1he degree of conlraction,
according to the shape of the lef
ventricle shonld be more at the re-
pion of the apex and less at the
basal regions, it may also be pro-
pased that the processes of repola-
tization in general should begin first
at the basal regions and later atl the
apex, Such a sequence of repolari-
zation will conform to the require-
ments of the pump whersin relaxa-
tion and contraction take place in
opposite directions because inflow
during filling is opposite in direc-
tion to outflow during ejection as
shown in Fig, 2.

Snommary :

The sequence of direction of depolari-
aution and repolarization should be same
{or atria since inlet and outlet valves are
located on oppesite sides and here is
na change in direction of blood flow
during filling and ejection. It cheou'd be
apposite Tor ventricles since Inlet and

outlet valves are located on the same
side and there is a change in dircc-
ton of hiood fow during flling  amd
cjection.  The sequence of depolari-

zation in ventricles is such as to cause o
sequence of contraction to forcew the
blood oul from apex to the base. Since
wuter layers of ventricular muscle shorlen
10 a lesser degree than the inner layers, it
can therefore be proposed that they starl
relaxing or repolarizing first before the
inner layers. Purther since the depree of
contraction should be more at the region
of the apex and less at the basul regions,
it may also he proposed that rc-pqlaﬁ?ﬂﬁun
should begin fitst at the basal regions and
later at the apex. The repolarization of
atria and ventricles is thus reflected as Ta
wave of opposite polarily to T wave and
the T wave of the same polarity as the
QRS of the ECG respectively,

Conclusion =

In this analysis certain inferences and
propositions have been made based on
some studies and  experimenial resphs
alrendy published by other workers.
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