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REVISION DE TEMAS CARDIOLOGICOS

The rational approach to the electrical exploration

of the heart

Alfredo de Micheli, Alberto Aranda, Pedro lturralde, Gustavo A. Medrano

Summary

A rational approach is inevitable in any scientific
activity. Such an approach is opposed not only to
irrationality, at all inadmissible in scientific thin-
king, but also to empiric reasoning. Many years
ago, Sodi Pallares introduced the rational method
in the electrical exploration of the heart based on
experimental findings obtained in his laboratory.
This method has progressively been accepted
and used with good results for diagnoses and has
led to logical therapeutic inferences.

To confirm the results from the logical interpreta-
tion of electrical tracings, we present some exam-
ples of its application in three fields: arrhythmias,
myocardial infarction, and left ventricular hyper-
trophy. In the studied cases -two with tachycar-
dia, one with a posterior infarct, and two with left
ventricular hypertrophy- a very satisfactory corre-
lation has been observed between the electrical
exploration findings and those obtained through
direct examination of the heart.

It is desirable, and even profitable, to analyze in
this way the electrical tracings to get as close as
possible to reality, rejecting the stereotyped
aspects of a simple routine exploration, which
often induce errors and lead to some fallacious
asseverations.

Resumen

ENFOQUERACIONAL DE LA EXPLORACION
ELECTRICA DEL CORAZON

Un enfoque racional es ineludible en toda activi-
dad cientifica. Dicho enfoque se opone no sélo a
los irracionales, del todo inadmisibles en el que-
hacer cientifico, sino también a los empiricos.
Hace afios, Sodi Pallares introdujo el método ra-
cional en la exploracion eléctrica del corazén, con
base en hallazgos experimentales obtenidos en
su laboratorio. Este método se ha asentado pro-
gresivamente en el transcurso del tiempo con
buenos resultados en el campo diagnosticoy con
I6gicas inferencias terapéuticas.

Para comprobar los resultados de la interpreta-
cion racional de las curvas eléctricas, presenta-
mos algunos ejemplos de su aplicacién en tres
campos: arritmias, infarto del miocardio e hiper-
trofia ventricular izquierda. En los casos estudia-
dos -dos con taquicardia, uno con infarto poste-
rior y dos con hipertrofia del ventriculo izquierdo-
se ha observado una correlaciéon muy satisfacto-
ria entre los hallazgos de la exploracién eléctrica
y los del examen directo del corazon.

Seria deseable, y provechoso, que asi se anali-
zaran los trazados eléctricos para acercarse lo
mas posible a la realidad, rechazando los aspec-
tos estereotipados de una simple exploracion ru-
tinaria. A menudo, éstos inducen a errores y a
ciertas aseveraciones falaces.

Palabras clave: Arritmias. Infarto miocardico. Hipertrofia ventricular izquierda.
Key words: Arrhythmias. Myocardial infarction. Left ventricular hypertrophy.

From the Instituto Nacional de Cardiologia “Ignacio Chavez”. (INCICH. Juan Badiano No. 1, 14080 México, D.F.)

Aceptado: 18 de septiembre de 2000

Vol. 71 Numero 1/Enero-Marzo 2001:78-87



Rational electrocardiography

79

Introduction data obtained through multiple logic procedures
lectrocardiography and vectorcardiogra- besides the experience gained by direct

E phy explore the same electric cardiac phe- observation. In fact, a unique conducting thread
nomenon with a different approach: of scientific thinking has persisted throughout the

analytical and local for electrocardiography, syn- years: the inevitable requirement of rational

thetic and spatial for vectorcardiography. Hence, foundationt!

both constitute essentially a functional explora- It seems of uttermost practical usefulness to

tion. Data provided by them were initially inter- remembeper summa capitthe correct analysis

preted on the basis of stereotyped patterns; howeeof some electrocardiographic findings in the light

ver, some fifty years ago, thanks to the works of of the rational approach of the Mexican School

Wilson and Sodi Pallarésthe rational method  of Electrovectorcardiography.

was introduced to the electrical exploration of the

heart, starting to interpret the electrical tracings The rational electrical exploration

of cardiac activity as a function of some of the Arrhythmias

known parameters, i.e., sequence of myocardialA tendency to memorize and use stereotyped

depolarization and repolarization, cardiac posi- definitions of certain phenomena is often obser-

tion and rotation, as well as some hemodynamicved among masters and pupils, instead of pene-

aspects, such as volume and work overloads intrating into their intimate essence.

cardiac chambers. Sodi Pallares called this pro-There are quite a few examples of such statements

cedure “deductive electrocardiography”. in the field of arrhythmias. It is often talked and

The first mentioned parameter has been studiedwritten about ventricular tachycardia of “narrow”

quite satisfactorily in dogs heart, particularly by or “wide” QRS, without realizing the erroneous

the group of Sodi Pallarésand later on in the concept involved in such expressions. The term

isolated and perfused human hédarence, ex-  “narrow” does not correspond to reality since, in
perimental results could be extrapolated to thethese cases, the duration of the ventricular com-
live human heart (analogy). plex is not lower than normal, to the contrary,

The human heart is somewhat different from that tends to surpass the one observed in the same in-
of the dog, for example in the distribution of the dividual in the absence of tachycardia, and can
Purkinje network, in the anastomosis of coronary even be above the upper normal levels, i.e., be-
arteries, and in the volume of the myocardial massing of more than 100 msec. Based on a strict phy-
of the right ventriclé.Regarding the latter one, siological approach, QRS complexes with a du-
the heart of the dog resembles more that ofration larger than 100 msec should be defined as
children, which physiologically presents, untilthe “non-aberrant” whereas those of 120 msec or
age of six, important electromotive forces of the more should be considered “aberrant”. What is
antero-inferior right septal mass, or that of adults the cause of such behaviors? They are caused,
with moderate right ventricular hypertrophy. respectively, by the absence or presence of an
Regarding the second parameter, i.e., influenceextensive “jumping wavé’phenomenon through

of cardiac position, this is a well established fact the intraseptal barriét,a well established fact
based on anatomic-electrocardiographic and electhrough experimental and clinical reseaithhis

tro- radiological correlation works performed at concept-together with that of the electrical mani-
our instituté and other research centérs. festation of the ventricular overloads- constitu-
Physiopathological modifications produced by tes one of the most original and valuable contri-
hemodynamic changes have been demonstratetbutions of the Mexican School of Cardiology.

by the work of Enrique Cabrérand his follo- It is, hence, logic, to speak of tachycardias or ven-
wers?10 tricular extrasystoles without “jumping wave” when
At any rate, current knowledge on the intimate the QRS complexes are not aberrant. In turn, tachy-
structure and function of myocardial fibers has cardias or ventricular extrasystoles with “jumping
been increasing and, therefore, other factorswave” phenomenon should be considered when the
responsible for the electrical manifestations of QRS complexes are aberrant and resemble those
cardiac activity must be taken into account, suchrecorded in the presence of advanced degree bun-
as metabolic aspects. Itis indispensable, thereforedle branch block¥. In the first condition, the ta-

to widen the spectrum of the electrical exploration chycardia or ventricular extrasystole probably ori-
of the heart and continue with the analysis of the ginates in specific fibers or very close to the “intra-
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Fig. 1. Orthodromic supraventricular tachycardia in W-P-W syndrome, with a 165/min frequency. No bundle branch
block data are present; only signs of lesion at the tip of the right ventricle can be observed (last strip), produced by
the catheter-electrode. From top to bottom: DIII, aVF, V1, V6, high right atrium, proximal His, tip of the right ventricle.

septal barrier”, i.e., close to the anatomo-functional Figure 2provides an example of a left ventricular
separation existing between the right and left septattachycardia, with a right bundle branch block-
masses, a discontinuity called “ephapsis” by sometype morphology of the QRS complexes and a
physiologists®But, in the case of non-aberrant ven- frequency of 190 beats/min. The complexes
tricular complexes, the arrhythmia could have a su-recorded in DI, V6, V1 and the tip of the right
praventricular origin, that is, above the bifurcation ventricle (this last one of polyphasic aspectin the

of the common His bundle. terminal strip) suggest a “jumping wave” phe-
nomenon from left to right through the intraseptal
Example barrier.

Figure 1corresponds to an orthodromic supra-

ventricular tachycardia, without “jumping wave”, Infarcts

with a cycle length of 346 msec = 165 beats/min. Similar considerations of electrophysiological
The anterograde arm of the circuit is constituted character can be made regarding the so called
by the atrioventricular node and the retrograde infarcts with or without Q waves. It is known that
arm by an accessory pathway, of the left Kent the unexcitable region, strictly circumscribed
bundle-type, with a VA interval of 165 msec. The within the limits of the so-called electrical endo-
ventricular complexes are non-aberrant, the tra-cardium!® does not produce direct electrocardio-
ce of the last strip, obtained from the tip of the graphic manifestation'd.Since the electrical en-
right ventricle, shows signs of injury produced docardium constitutes an essentially functional
most likely by the catheter-electrode. entity, the electro-anatomical correlations are not
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justified to establish the significance of the pre- logic conditions. The extension of the Purkinje
sence or absence of abnormal Q waves in the leadeetwork varies from one individual to another,
exploring the affected region. Actually, the mor- and in the same individual differs at the diverse
phology of the corresponding ventricular com- levels of the free ventricular wall and the inter-
plex depends on the relation existing between theventricular septum, covers approximately 50% of
size of the unexcitable region -depth and surfa-the parietal thickness, in its internal portion, is
ce- and the amplitude of the electrical endocar- abundant in the lower half of the ventricles and
dium. Todelimit the extension of the latter, it almost absent in the upper third. Under experi-
would be necessary to identify histologically mental conditions, it can be localized by means
the distribution of the Purkinje network or to of P potential recordings, which was done in ex-
record the potentials originated in the specific periments performed in dog hearts.

fibers (P potentials) at different levels of the pa- On the other side, it must be considered that the
rietal or septal thicknes8.The electrical endo- electrocardiographic signs of the unexcitable zone
cardium reaches the specialized tissue regionof the diaphragmatic portion of the left ventricle
where P potentials can be recorded. When the-abnormal Q waves or QS complexes- are not
excitatory impulses reach that region at the samerecorded in the low aVF, DIl, and DIll leads, when
time through the Purkinje fibers, this region de- these, due to the horizontal cardiac position, ex-
polarizes simultaneously without originating po- plore the right ventriclé’ The high abdominal
tential differences. Hence, its activation cannot leads MD and ME do not capture potential
provide direct signs in neither normal nor patho- variations from the right ventricle but from the
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Fig. 2. Ventricular tachycardia with a 190/min frequency and atrioventricular dissociation. This tachycardia seems to be
originated in left ventricular structures, based on the morphologies of the ventricular complexes in the external and
intraventricular right recordings, which suggest a “jumping wave” from the left septal mass to the right one. From top to
bottom: DI, V1, V6, right atrium, tip of the right ventricle.
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left one in case of vertical, semi-vertical, or that is, of a posterior subepicardial injury. The
intermediate hearts. Therefore, it is necessary toinfarcted area -apparently inferior- can invade
identify always the cardiac position according to even medial and high portions of the posterior or
the left ventricular morphologies or, if not postero-lateral wall of the left ventricle or of both
possible, by means of radiography. It is indispen- ventricles. This demonstrates the great usefulness
sable to know which structures are being exploredof the thoracic circle, which can provide direct
by the unipolar leads, of these, only aVR explo- information on the actual dimensions and the
res usually the right atrium. evolution of the damaged myocardial zéhe.
Even more, it should not be forgotten that during These aspects determine the characteristics of the
the acute stage of an infarct, the predominatingsyndrome.

signs of subepicardial or transmural injury can

mask those of the unexcitable region. The latterExample

ones, just as those of ischemia, will be ma- Figure 3reproduces the electric tracings recorded
nifested later on once the injury has been gra-in a 54 years old man, with an unexcitable
dually reduced®? myocardium in left postero-lateral regions, left
Several points must be taken into accountposterior subdivision block (LPSB), and
regarding the actual significance of the negative biventricular hypertrophy. The low postero-late-
RS-T displacements in the right precordial leads ral location of the unexcitable zone is suggested
in the presence of an infarct defined as postero-by the start of the ventricular vectorcardiographic
inferior by the conventional electrocardiogram. curve in the frontal and sagittal planes, which is
They might represent a mirror image of positive clockwise and slurred with a 30 msec duration
RS-T displacements present in opposed regionsjnstead of 15 msec. This initial portion is related

-

e D

Fig. 3. This representation suggests the existence of a low left posterolateral unexcitable region, a block of the left
posterior subdivision (LPSB), and biventricular hypertrophy.
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Fig. 4. Anatomic piece from the same case of Figure 3. A cross section obtained at
the level of the papillary muscles of the ventricles is presented, showing a white zone
of fibrotic aspect, cicatricial, corresponding to an extensive left posterolateral infarct
(posterior view).
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through echocardiography. But, it is well known
that the electric exploration is of functional type,
whereas echocardiographic exploration provides
mainly structural data. The first reflects metabo-
lic and electrolytic conditions, as well as certain
hemodynamic alterations: overloads of the car-
diac chambers. The second reflects structural as-
pects such as compensating hypertrophy, which
in general is due to a sustained systolic overload.
In such a case, the electric exploration should
provide initial signs of left heart compromise:
ventricular overload. Besides, it allows inferring
structural data derived from functional data, if a
whole constellation of electrocardiographic pa-
rameters is taken into account. These must be
analyzed selectively in those unipolar leads ex-
ploring closely the affected cardiac chamber so
as to offer veracious informatiéf?* The most
valuable electrocardiographic finding consists of
the prolongation of TOID, with clean R wave, in
the mentioned lead&.It is obvious to say that
TOID reflects the manifestation time of the vec-
tor resulting from myocardial activation, which

to the slurred Q wave recorded in aVF (of approx. points towards the considered unipolar lead. The
50 msec), DIl and V6. Besides, the time of trans- magnitude of this vector depends on the duration
versal axis (X) crossing in the frontal plane is of of the wave fronts originating it. Other data, such
60 msec and that of the anteroposterior one (Z)as the absence of the manifestation of the right
in the sagittal plane is of 67 msec (normal: aroundbasal vector (llld) in a dextro-rotated heart

25 msec, manifestation time of vector IIs). The without left blocks, are also valuable.

LPSB is diagnosed by the terminal slurring of

the ventricular curves, located below, to the left Example
and behind its site of origin, and by the time of 1. The first example refers to a 58 years old man,

onset of the intrinsicoid deflection (TOID) of 80
msec in aVF and V6. The TOID of 60 msec in
aVL, with a clean R wave, leads to consider left
ventricle hypertrophy, and that of 40 msec in V2
and V3, also with clean R, suggests right ventricle
hypertrophy. It must be noted that the lack of left
thoracic unipolar V7 to V9 leads does not allow
to detect the actual extension of the postero-late-
ral infarct, which in reality also involves middle-
superior regions of the free left ventricular wall.
In this case, the anatomic examinat{fig. 4)
revealed the presence of an old extensive
transmural infarct in the postero-lateral regions
of the free left ventricular wall and biventricular
hypertrophy with diffuse dilation and myocar-
dial fibrosis.

Ventricular hypertrophies

Several authors state that electrocardiography
does not allow to recognize signs of left ventri-
cular hypertrophy, whereas it can be diagnosed

with long-term systemic arterial hypertension
and a dissecting aortic aneurysm, ruptured at
the pericardium. The conventional electrocar-
diogram, taken just before his dedHig. 5)
reveals the following data: Horizontal and levo-
rotated hearth with AQRSat -20°. QR com-
plexes in DI, aVL, and V6 (TOID = 50 msec
in avL). S > R from V1 to V3 (TOID = 20
msec in VI, 35 msec inj)and V3), qRS in V4
and V5 (TOID = 45 msec). Concave negative
displacement of the ST segment in aVvL, V5
and V6. Chronological (prolongation of TOID
in the left unipolar leads) as well as morpho-
logical data (low voltage of T wave in those
leads) suggest the existence of a global hyper-
trophy of the left ventricle due to sustained
systolic overload. There is also left atrial hy-
pertrophy: P = 0.12 sec in DIl. The aspect of
the ST segment in aVvL, V5 and V6, together
with the relative short Q-Tc interval suggests
the effects of Digitalis.
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The anatomic studfFig. 6) performed on the
next day of the electrocardiogram revealed a
concentric hypertrophy of the left ventricle
with a 20-mm thickness at the medial portions
of the free wall (normal values = 12 mm) and
a thickness of 30 mm in the interventricular
septum. By the way, it must be mentioned that
800 mL of blood were found in the
pericardium. This fact could have cushioned
the voltage of the electrical records.

2. The second example corresponds to a 65 years

old woman with calcified aortic stenosis. The
last electrocardiogram takéfig. 7)indicates

a semi-horizontal cardiac position with AQ,RS
at -15°. R wave is clean and of high voltage in
all left leads. Morphologies of the ventricular
complexes are: R in DI, gR in aVL (TOID =
55 msec), rS with deep SinV1iandV2, S >R
in V3 (TOID = 15 msec in'yf 30 msec in'Y,

s

1

o/

-"p——\_/v_h.

aVvR avL aVF
V1 V2
V3
V5 V6
V4

Fig. 5. ECG from a 58 years old man, who suffered systemic arterial hypertension.
TOID prolongation in all left unipolar leads and in V., with clean R waves, allows to
infer the presence of global hypertrophy of the left ventricle. The low voltage T waves
in DI, V5, and V,, and diphasic -+ in aVL, suggest systolic overload of the left ventricle.

A de Micheli y cols.

35msecin}y),R>SinVandRinVand\,
(TOID = 50 msec); QS in aVR. There is a
negative displacement of the ST segment in
DI, aVvL, and from V4 to V6. The T wave is
negative with asymmetric branches in DI, DIl
and from V2 to V6. Q-Tc =VM + 0.04 sec in
DI, aVvL, V5 and V6. Prolongation of TOID
and the high voltage of the R wave in the left
leads (63 mm in DI and V6) as well as the
negative displacement of the ST segment and
the secondary-type inversion of the T wave in
these leads suggest the existence of a global
hypertrophy of the left ventricle due to
sustained systolic overload.

Examination of the anatomic piefég. 8) re-
vealed an increased (25 mm) thickness of the
interventricular septum, of the medial portions
of the lateral free wall (25 mm) and of the pos-
terior wall (25 mm) of the left ventricle. Hence,
there is an important concentric hypertrophy of
this ventricle. Its free wall also shows small
white colored fibrotic areas. A discrete hyper-
trophy of the right ventricle can also be obser-
ved: thickness of the free wall =5 mm (normal
= 3 mm). Right septo-parietal hypertrophy is
manifested in the electrocardiogram by the
TOID values in right leads: 30 msec in V2 and
35 msec in V3.

Comment

The semiological value of interpreting rationally
and not empirically the electric tracings derives
from the aforementioned, as proposed in his time
by Sodi Pallareslt is desirable that the analysis
and interpretation of the electrocardiographic and
vectorcardiographic curves be explained and
taught in this way. In fact, application of the
rational method in this field can provide reliable,
complete, and low-cost information. The so called
“non-diagnostic tracings” quite often correspond
rather to deaf electrocardiographists than to mute
electrocardiograms.

Those that deny the diagnostic value of the elec-
trocardiogram, in general, are not concerned with
the procedures followed by some authors -based
on stereotyped computer programs- to fundament
their negative judgment on the diagnostic value of
the electrical recordings. This occurs for example
in regard to left ventricular hypertrophy. Now is
the moment to pose certain questions: How were
those electric explorations performed? Have the
potential variations of the structures of the left ven-
tricle really been captured? Have the heart posi-
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tion and rotation been taken into account? Indeed,
these cause the unipolar leads to explore one or
other cardiac structure. Probably conventional elec-
trocardiograms and “indices” were used, which by
their same nature cannot reflect the true parame-
ters involved. However, apparently no prospecti-
ve-type research has been performed to correlate
all the available electrocardiographic data with the
anatomic data to diagnose the mentioned hyper-
trophy. The best known studies limit themselves
to establish a comparison between the single elec-
trocardiographic data, for example the value of
TOID determined exclusively in V6 with echocar-
diographic findings. At any rate, the electrocardio-
graphic diagnosis in these cases has a rather quali-
tative character, whereas aimed echocardiographic
exploration, for example determination of the

Fig. 6. Same case as in Figure 5. The anatomic piece depicts a concentric hypertrophy myocardial mass of the left ventriéigllows to
of the left ventricle. The thickness of the medial portions of its free wall is of 20 mm and . L . .
obtain quantitative-type information.

that of the interventricular septum is of 30 mm. This is an important hypertrophy. el
On the other hand, the limitation of the pure

deductive method is clear, which can be applied
only in the field of eidetic sciences: logic and
mathematics, but is not possible to be applied in
the field of electrovectorcardiography, since some
points regarding the electrical activity of the

g . T
J I R
| )

Fig. 7. ECG from a 65 years old woman with calcified aortic stenosis. Prolongation of TOID in all left unipolar leads,
with clean and high voltage R waves, reveals global left ventricular hypertrophy. The negative displacement of the
RS-T segment and the secondary-type inverted T wave in D, aVL, and from V, to V, suggest systolic overload of that
ventricle.
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Fig. 8. Same case as in Figure 7. There is an important concentric hypertrophy of the
left ventricle. Thickness of the interventricular septum, of the medial portions of the
free left ventricular wall, and of the posterior wall is of 25 mm each.

A de Micheli y cols.

myocardium are still not fully known, such as the
contribution of the posterior ventricular wall in
thein situhuman heart.

Conclusions

Masters and pupils must discard those purely
passive attitudes, improper of noble and
inquisitive minds. Lets accept with a critical mind
all the information provided, even from the best
known cardiology centers, and lets make a per-
sonal effort to understand the findings of cardiac
electrical exploration using our cerebral neurons.
Hence, we would avoid getting crystallized by
simple appearances and would achieve a closer
relation to the real essence of the phenomena we
are studying. It must be kept in mind that the
difference between what we call real and
appearances lies in the fact that reality is ordered
-commanded by lawdwhereas appearance does
not seem to be commanded by any order.
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