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Focused Per spective

The Electrocardiogram 102 Years After Einthoven

Hein JJ. Wellens, MD; Anton P. Gorgels, MD

anniversary of Einthoven's first publication on the elec-

trocardiogram (ECG).12 During the past century, the
ECG has become indispensable for rapid diagnosis and
management of patients with a wide variety of cardiac
diseases. As pointed out by Fisch,3 the ECG is an easily
available, patient-friendly, noninvasive, inexpensive, and re-
producible technique, without peer for the diagnosis of
myocardial ischemia, cardiac arrhythmias, structural changes
of the myocardium, drug effects, and electrolyte and meta-
bolic disturbances.

Twenty years ago, we reviewed the advancesin electrocar-
diology at that time.# Now, we would like to discuss new
information that can be obtained from the “simple” 12-lead
ECG. The limited number of words alowed in an editorial
makes it impossible to discuss the ionic and cellular basis of
the normal and abnormal ECG and to look at recent studies
that used more sophisticated and complex noninvasive tech-
niques to obtain information about the electrical activity of
the heart. We will focus on 4 areas in which new information
that is useful in our daily cardiology practice has become
available.

I n 2002, we celebrated in the Netherlands the 100th

1. Acute Coronary Syndromes. Determining
the Extent and Severity of Cardiac Ischemia
In recent years, rapid decision-making has become mandatory
in patients presenting with symptoms of acute cardiac ische-
mia In that situation, information about the size of the area at
risk and the severity of ischemia is essential. The ECG can
(and should) play an important role in selecting the need for

and type of coronary reperfusion procedure.

Traditionaly, in ST-segment—elevation myocardial infarc-
tion, the size of the area at risk can be estimated from the
ST-segment deviation score.> Counting the number of milli-
meters that the ST segment deviates (elevated or depressed)
from theisoelectric linein the 12-lead ECG is an easy method
to obtain information about the size of the area at risk. The
higher the ST-segment deviation number, the larger the area.

More recently, it was shown that the ECG could also
indicate the site of occlusion in the coronary artery tree.
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Obviously, a proximal occlusion in the left anterior descend-
ing coronary artery above the first septal branch and the first
diagonal branch meansthat a much larger part of the ventricle
is at risk than during an occlusion more distal in the left
anterior descending coronary artery. ECG criteriato diagnose
the site of origin of occlusion in the coronary artery have been
published.6” That information is of importance, not only in
relation to selecting an immediate percutaneous coronary
intervention versus thrombolytic therapy, but also in making
decisions about an invasive procedure in case of failed
thrombolysis or an early reocclusion.

In unstable angina and non-ST-segment—elevation myo-
cardia infarction, the number and type of leads showing ST
depression together with the severity of ST depression cor-
relate with the number of coronary vessels that are critically
narrowed and their site of stenosis.® Such information is
indispensable for selecting the appropriate mode of diagnos-
tic intervention and treatment.® After a reperfusion attempt,
disappearance of or a marked reduction in ST-segment
deviation indicates restoration of blood flow to the threatened
myocardial areal® with consequences for prognosis of the
patient. It also has been shown that reperfusion arrhythmias,
such as the accelerated idioventricular rhythm, indicate not
only reperfusion but also myocardial damage (as shown by an
enzymerise) and abnormal wall motion, when compared with
patients not showing reperfusion arrhythmias after recanali-
zation.*112 Reperfusion arrhythmias are less common after a
primary percutaneous coronary intervention.13

2. Cardiac Arrhythmias: Localizing the Site of
Origin or Pathway of a Tachycardia

In supraventricular tachycardias, the 12-lead ECG usually
alows identification of where in the heart the arrhythmia
originates and frequently the mechanism. The 12-lead ECG
during a supraventricular tachycardia often is now sufficient
to differentiate among atrial tachycardia, atria flutter, atrio-
ventricular (AV) nodal tachycardia, and tachycardias incor-
porating an accessory AV pathway in the tachycardiacircuit4
and to identify whether catheter ablation is possible.

In patients with the Wolff-Parkinson-White syndrome, the
ECG not only helpsto localize the ventricul ar insertion site of
the accessory AV pathway by looking at the P-delta interval
and the polarity of the deltawave, but also allows the location
of the atrial end of the accessory pathway by analyzing the
polarity of the P wave during orthodromic tachycardia (a
tachycardia with AV conduction over the AV node-His
pathway and ventriculoatrial conduction over the accessory
pathway). When a single accessory pathway is present, the
atrial and the ventricular end should be located close together,
a so-called match. When they are not in the same area of the
AV ring (a mismatch) more than one accessory pathway is
present. In atrial flutter, specific ECG patterns are often
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The patient was a 67-year-old woman with severe heart failure. Panel A (ECG on admission) shows atrial fibrillation with a ventricular
rate of approximately 130 bpm. Left bundle-branch block (LBBB) is present with a QRS width of 180 ms, indicating additional causes
for QRS widening other than LBBB alone, such as ventricular dilatation, hypertrophy, or scarring, alone or in combination. There is a
marked discrepancy in voltage between the extremity (low voltage) and precordial (high voltage) leads. As described by Brody,28 the
decreased voltage in the bipolar limb leads is the result of an increased intracardiac blood pool, which is present between the two
leads. In contrast, the precordial unipolar leads record the voltage of the tissue under the electrode. Presence of biventricular enlarge-
ment is supported by the frontal QRS axis of —90°, indicating delayed activation of the base and outflow tract of the right and left ven-
tricle after ventricular activation starting in the apex of the right ventricle. Panel B (2 days later, after a fluid loss of 10 L) shows 2
important changes: (1) marked diminution of the voltage difference between extremity and precordial leads and (2) a shift of the frontal
QRS axis to —30°. These changes indicate a marked decrease in intracardiac volume, especially of the right ventricle.

present in relation to the macroreentry circuit, which is being
used during the arrhythmia.s In atrial fibrillation, fascinating
information has become available that points to the role of
focal ectopic rhythms initiating a paroxysm of the arrhyth-
mia.1¢ Often, these foci are located in muscle sleeves in or
around cardiac vessal's, which are connected with atrial tissue.
They are most commonly found in or around the pulmonary
veins but may also be present in the superior caval vein, the
vein of Marshall, or the coronary sinus.16.17

In ventricular tachycardia (VT), the ability to diagnose the
site of origin on the ECG is dependent on the extent and
location of additional cardiac damage. That means that in
hearts with scars, such as those seen after a myocardial
infarction, only gross localization is possible. In anterior wall
myocardial infarction, thisis more difficult than in inferopos-
terior myocardial infarction.’® Several factors play a role in
the QRS configuration of a VT due to a myocardial infarc-
tion: the size of infarction, the site from within the infarct
where the VT arises, propagation out of the infarct, and
participation of the Purkinje system in global ventricular
activation. In addition, other factors may be operating, like
fibrosis of nonischemic origin, hypertrophy, ventricular ge-
ometry (aneurysm), and metabolic factors. Origin localization
using the 12-lead ECG is easier in idiopathic VT. Both right
and left ventricular idiopathic VTs have characteristic ECG
patterns.l® Recently, it has become clear that the VT may
originate in muscle sleeves around the root of the aorta and
pulmonary artery.20.21

In those patients, ectopic impulses can be conducted over
the muscle bundle from the cardiac vessel to ventricular
muscle. Identification of such a mechanism is of importance
when catheter ablation of the arrhythmia has to be performed.

3. Heart Failure

The number of patients with heart failure is steadily increas-
ing. The ECG in these patients may give important informa-
tion in relation to prognosis and therapy. This holds for
markers such as sinus tachycardia, atria fibrillation, ventric-
ular arrhythmias, number of leads showing QR or QS
complexes, the width of the QRS complex, and a prolonged
QTc interval .22 As early as 1988, Wilensky et al2® indicated
that QRS width is a useful predictor of outcome in patients
with heart failure.

More recently, the QRS width, especialy in patients with
left bundle-branch block, has been used to select patients
possibly profiting from resynchronization of ventricular acti-
vation by left ventricular pacing with or without synchronized
right ventricular pacing.24

Often both risk estimation and response to therapy can be
derived from ECGs recorded during treatment of heart failure
(Figure).

4. Genetic Arrhythmology
Our present ability to make a genetic diagnosis in patients
who have certain electrocardiographic features has opened
new ways to use the ECG for diagnosis, risk stratification,
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Familial Diseases With a Monogenetic Basis for Cardiac
Arrhythmias and Sudden Death

Hypertrophic cardiomyopathy

Dilated cardiomyopathy

Long-QT syndrome

Short-QT syndrome

Brugada syndrome

Catecholaminergic polymorphic ventricular tachycardia
Arrhythmogenic right ventricular dysplasia
Wolff-Parkinson-White syndrome

Atrial fibrillation

Sick sinus syndrome

Atrioventricular block

Myotonic dystrophy

and management of carriers of monogenic diseases prone to
cardiac arrhythmias and/or sudden desth (Table).

The challenge will be to find out how specific and sensitive
the ECG isin monogenic arrhythmic diseases. At present, the
impression is that specificity may be high but sensitivity low
because of marked differences in phenotypic expression.2
Large databases are required to obtain that information. The
experience in the long-QT syndrome and the Brugada syn-
drome indicates that the ECG is helpful in making decisions
about management.26:27

Conclusions
In recent years, important new information resulted from
careful analysis of the ECG in patients with ischemic and
nonischemic heart disease. The trend toward increasing
specidization in cardiology threatens the implementation of
this new ECG knowledge in the daily practice of the
cardiologist.

It remains essential, therefore, to stress that both old and
new ECG knowledge should be in the core curriculum of
every cardiologist, not only during his or her training, but
especially also during postgraduate education.
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