Some Electrophysiological Concepts of the U Wave
of ECG
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A HE normal LUG compleses have been carrelat-
el with 1he sequence of clectrical events in the
heart, P wave is the result of atrial muscle depalari-
zation, the QRS complex iv produced by the
depolarization of the ventrienlar myocardium und
the T wave results from the return ol ventricnlar
musele to the resting siate duc to repalarization,
At times  the T wave i followed by a small wave
called the U wawve,
always recorded. It is beat observed in the precor-
dial leads. The clectrophysiolagy of the U wave
is nol yet properly understood.
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Clinical Significance

Clinical significunce of changes in the 1) wave of
the BUG ate now attracting the attention of cardio-
logists in diagnosing heart diseases. The changes
that have been observed are the inversion of U wave
and the appearance of prenounced U wave in exercise
ECG. In certain cases ol hyperiension, coronary
artery solerosis und  other orzanic heart diseases,
inversion of the U wave has been found to be one of
the earlicst clectrocardiograplic changes preceeding
the classic BCGG findings,

It had also been noticed
that exercis¢ precipitates the appearancs of a
promionent 17 wave

which iz probably due to
inadequate’ supply of uvxygen in the presence of
increased demand during exercise, The recognition
of the U wave will, thérefore, enhance the valuc of
the ECG in clinical diagnosis.

Some Postulated Theories

HSome theovies have been postulated o explain
the genesis of the U wave. According to Hoff and
Nahwin', il forms part of the ventricular complex and
i enincident in time with the super normal phasc.
While some others suggested that it originates in the
intraventricular septnm and is a result of retardation
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of repolarization in that structure due to its compres-
sion caused by the contraction of the vertricles. The
17 wave has also been linked with certain mechanieal
lactors like the outward theuat of the apex, Lepeseli-
kin has proposed that it mainlests lrom aller potentials
in the ventricular action patential, e failures of res-
toration ol the normal membrane pesting potential at
cotnpletion of repularization.  Available dara do not
allow cnmplete aceeptance of any theary of genesiy ol
the U wave,

The New Concept

In this paper an attempt has been made to
understand the causation of the U wave, The T wave
appears after the T wave and has same polaricy as
the I wave in a normal LOG,  The T wave repres
sents the repolarization of the wventreicles, It would
therefore he quite pertinent to correlate the L wave
with some repolarization event taking pluce alter the
repolarization of the ventricles,  In order ta under-
stand the genesis of the wave, itis necessary to
examine soume ol the elecirical [ealures of the
ventricles,

The stimulus fram the 8 A, nede afrer reaching
the A%V, node spreads through the bundle of His and
then through the Purkinje fibres which directly
activate the inner most lavers of the mvecardium.
The excitaton then spreads threugh the ventricular
musele from apex o the buse and generally from
eadecardium to epicardium at about (L3 meter per
s2e. o general, excitation of the epicardial surlace
ncours later than irs endocardial counterpare. Far
purpases of didactic discussions the muscular mass
comprising the [ree walls of the ventricles may be
considered to consist of an inner twa-thirds (sub-endo-
cardial}) and an outer one-thicd (sul-epicardial)}®,
Prupagation through the former is rapid, fgures

AFFATION MEDCIN




al 1 to ¥ meters per see. being commonly found,
The conduction rate decreases as excitation moves

away from the endocardivim with the result that
the impulse travels through the euter or sub-epicar-
dial third ol the wall at speeds of only 300 1o 400
millimeter per sec. This data strongly suggests Uil
branches of Purkinje network penetrate deeply inte
the myocardial wall and is in agreement with the
anatomic studies. The last repions to he activated
are Lhe posterobasal portion of the left venrricle, the
pulmanary conus and the upper purtion or inter-
venteicular septum because there 3s little Purkinge
Lissue in these regions,

The sequence ol depolarization in ventricles s
duch that the contraction of the myocardium 1 from
endacardium 1o epicardium and froin apex wowards
base whiclh iy necessury so that blond iz foreed our
elliciently throngh the autlet valves of the veatricle
In most electrocordiographic leads, the T wave of
the LCG hay the same polarity as the ORS camples
indicating that the sequence of repolarization in ven-
tricles docs not follow the same pathway as depolari-
ealion and indeed that the pathways tend 1o be
opposite,  The anthor?,? had developed & concept
to explain this paradexical orientation of ventricular
repolarization in the human electracardiopram,
This concept explains that the inner layers have a much
smaller vading and circumference especially near the
apex than those of the outer layers of the left ventricle
and that the internal cross section increqses [rom apex
Due 1o these differences
layers would shorten more than the anter lavers and
the depree of contraction  would be more at the apex,
decreasing  towards the Dbasal regions,  in
ejecting a particular wolume,  Tn other words,
the tension is decremental from  endocardium
to epicardium and from apex  lowards hase,
This decremenin]l contraction  wonld  aect  as
a rerarding agent or the factor which causes the
repolarization to proceed in a direction opposite to
that of depularization which remain: unchanged.
Thus the process of relaxation in the ventricles would
be from cutside to inside of the veutricular walls and
from Tase towards apex which is in a direction
oppisite to that of contraction, Such a sequence of
contraction and relaxation of the veulricles conflurms
to the requirements of Lthe ventricle as a pump where
inflow  during  filling is opposite in direction to
outtlow during ejection as the jnlet and ouilet valves
are localed on the same side,

towards base. the inner

[t has been mentioned abuve that the Purkinjc
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nevwork penetrutes deeply into the myvocardial wall
tsub-endocardial),  After the veotricular walls have
repolarized in the manner as explained, the vepolari-
zation  has to the  Purkinje
network,  Since the repolarization takes place [rom
epicardium to endocardiuvm and from hase to apes,
the Porkinge oetwork embedded in the sub-endo-
cardial layvers would also have 1o repolarize in a
similar fashion but later than the ventricular walls,
Purther, the action polentials ol the Purkinge flilres
are considerubly longer than thar of the ventricular
muscle.  This may be ta pravent re-entry of activily
back into the parts of this conduction system lrom
late fiving ventricular muscls fibres. This wauld also
explain the repolavization of the Murkinje system
taking place later than thut ol the ventriculur muscle.
The U wave appearing alter the T wave and having
the scame palavity as the 1" wave in a nacmal BCG
may therefore be correluled witll the repolurizition
ol the Purkinje network pencteated  inte the myocup-
ehial wall,  Sinee the action potentials in the Parkinge
system peoduce siall diflerences of potentials, Lhey
are normally  recardable erternnl
elearrodes,  Palier? noticed U wave lnversion with-
SO
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changes o
abmarmality  wis

out other elecirocardiopraphic
patients and  obscrved thart chis
probably related te orgamic changes in the myoear-
dium. ‘This furtcher lends support o the above
COnCcept.

Conclusion

U wave apprars after the T
same polarity as the T wave in o nurmal BECG. As
the T wave represents the repolarization of the
ventricles, it would he quite pertinent to correlate
the U svave with some repolarvizalion evenl laking
pliaze alier the repolarization of the ventricles.  An
attempr has been made to correlate this wave with
the repolarization of the Purkinje actwork penetrated
into the myocardial wall,
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