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Unusual electrocardiographic changes in
Ebstein's anomaly

F. Follathl and K. A. Hallidie-Smith
From the Department of Medicine (Clinical Cardiology),
Royal Postgraduate Medical School, London W.I2

The electrocardiograms of 17 patients with Ebstein's anomaly of the tricuspid valve were analysed.
Right bundle-branch block or Wolff-Parkinson-White syndrome (WPW) was found in the
majority of patients, but there were several unusual electrocardiographic changes, including
ventricular pre-excitation with normal PR interval (2 patients) and incomplete right bundle-
branch block with broad Q waves suggesting inferior wall infarction (i patient). The mechanisms
and clinical importance of these findings are discussed.

Electrocardiographic changes have an impor-
tant diagnostic contribution in Ebstein's
anomaly of the tricuspid valve. Right bundle-
branch block is found in 70-80 per cent of
patients (Vacca, Bussmann, and Mudd, I958;
Schiebler et al., i959b; Genton and Blount,
I967), usually with bizarre splintering of the
QRS complex and low voltage in right prae-
cordial leads. The intraventricular conduction
defect is frequently associated with signs of
right atrial overload and a prolonged PR in-
terval. Ebstein's anomaly is also the most
common cardiac malformation in children
with the Wolff-Parkinson-White syndrome
(Schiebler et al., i959a, b).
Among our patients with Ebstein's anomaly

we have recently observed some unusual
electrocardiographic findings which initially
suggested a different diagnosis and/or the

: presence of additional complications. The
electrocardiograms of these patients are pre-
sented in this paper.

Patients and method
The electrocardiograms of 17 patients (6 children
aged 3-I4 years and ii adults aged I6-57 years)
with Ebstein's anomaly were analysed. The diag-
nosis was confirmed by angiocardiography and/or
necropsy in all. There were 3 deaths; the other I4
patients are alive and well.

Results
The electrocardiographic findings in the I7
patients are summarized in the Table.

Received 19 July 1971.

1 Present address: Division of Cardiac Surgery, Uni-
versity Hospital, Basle, Switzerland.

There were 3 types of unusual electro-
cardiographic abnormalities among these pa-
tients: these will be illustrated by case reports.

(A) Delta waves with normal PR inter-
val and left axis deviation
Case i An acyanotic woman, aged 57 years,
complained of frequent attacks of paroxysmal
tachycardia for io years. Ebstein's anomaly was
diagnosed clinically and confirmed by angio-
cardiography at the age of 55 years. During an
attack of supraventricular paroxysmal tachycardia
aberrant intraventricular conduction of right
bundle-branch block type was present (Fig. i).
Subsequent electrocardiograms showed sinus

TABLE Electrocardiographic findings in I7
patients with Ebstein's anomaly

Right bundle-branch block (RBBB)
RBBB, low voltage in Vi, and right

axis deviation 4 patients
RBBB, tall R' in Vi, and left axis

deviation 2 patients
I RBBB with rSr's' in Vi and
abnormal Q waves i patient

I RBBB 3 patients

Total IO patients

(Right atrial overload 6 patients)

Ventricular pre-excitation
Type B Wolff-Parkinson-White
(WPW) 4 patients

WPW with left bundle-branch block i patient
Delta waves with normal PR interval 2 patients

Total 7 patients
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FIG. I Case i. Supraventricular tachycardia with right bundle-branch block. No visible

delta waves.

FIG. 2 Casex. Electrocardiogram showing WPW syndrome with normal PR interval (oi6 sec)
in the same patient after cessation of paroxysmal tachycardia.
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rhythm, a PR interval of o0i4-o0i6 sec, QRS
duration of o- sec, and delta waves in leads I,
aVL, and V5-V7. There were prominent negative
delta waves in leads II, III, and aVF (Fig. 2). In
no tracing was a short PR interval found.

Case 2 A 5-year-old cyanotic girl had attacks
of paroxysmal tachycardia. A short scratchy sys-
tolic murmur at the left sternal edge, a widely split
second heart sound, and right atrial enlargement
on the chest x-ray suggested Ebstein's anomaly,
which was proven by angiocardiography. The
electrocardiograms showed sinus rhythm, a PR
interval of oii8 sec, a mean QRS axis of -45O,
and delta waves in leads I and V4-V6. The QRS
duration was o-o8 sec (Fig. 3).

(B) Wolff - Parkinson - White syndrome
with left bundle-branch block
Case 3 In a 29-year-old woman a systolic mur-
mur was detected in early childhood. She was

never cyanosed and remained asymptomatic until
the age of 17 years, when she started to have
attacks of paroxysmal tachycardia accompanied
by breathlessness and chest pain. In 1964 the diag-
nosis of hypertrophic obstructive cardiomyo-
pathy was made, which seemed to be supported
by the angiographic appearance of septal hyper-
trophy. The patient was treated with propranolol
8o mg daily without notable effect. In I970 she
was referred to Hammersmith Hospital for further
investigation. No signs of left ventricular dysfunc-
tion could be found and the diagnosis of Ebstein's
anomaly was suspected on the basis of a scratchy
systolic murmur on the left sternal edge, split
first and second sounds, and the Wolff-Parkinson-
White syndrome (Type B). The diagnosis was
subsequently confirmed by intracardiac electro-
graphy and angiocardiography. The electrocardio-
gram showed ventricular pre-excitation with a
PR interval of orio sec and definite delta waves in
leads I, II, aVL, and V4-V7. The QRS complex

FIG. 3 Case 2. WPW syndrome in achild of 5years with aPR interval of o-i8sec. (A) Small
delta wave in lead I and slurring of the R upstroke in leads V4-V6 suggesting ventricular
pre-excitation. (B) Signs of WPW with delta waves in leads I, VS~, and V6 and negative delta
waves in leads Vi and V/2. There is additional left axis deviation (45O) on both tracings.
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after the delta waves was prolonged to O-I2 sec,
indicating additional left bundle-branch block.
Delta waves were recorded on all tracings (Fig. 4).

(C) Incomplete right bundle-branch
block with abnormal Q waves
Case 4 In a conspicuously cyanosed woman,
Ebstein's anomaly was diagnosed clinically at
the age of I4 years. She had frequent attacks of
paroxysmal tachycardia but no chest pain, and
died suddenly at the age of 28 years. Necropsy
showed the typical anomaly of the tricuspid valve.
The left ventricular myocardium was normal with-
out any signs of recent or previous ischaemia or
infarction. The electrocardiogram in I963 showed
right atrial overload, PR interval of 0-24 sec,
prominent Q waves in lead III, and normal
intraventricular conduction (Fig. 5A).
Nine months later an incomplete right bundle-

branch block with rSr's' pattem in V2 was pre-
sent, and broad Q waves in leads III and aVF
suggested an inferior wall infarction. The PR
interval remained long and no positive delta waves
could be seen (Fig. sB).
During an attack of paroxysmal tachycardia

aberrant intraventricular conduction of left
bundle-branch block type was recorded (Fig. 5C).

Discussion
The overall electrocardiographic findings in
our patients are similar to previous reports

(Schiebler et al., I959a; Genton and Blount,
I967; Lowe et al., I968), showing right
bundle-branch block, right atrial overload,
and slightly prolonged PR interval as the
dominant abnormality. The characteristic low
voltage is, however, not invariably present.
The incidence of ventricular pre-excitation in
our patients, especially when the atypical cases
are included, is somewhat higher than the
7-25 per cent mentioned in most series
(Schiebler et al., 1959b; Vacca et al., I958;
Lowe et al., I968). The various morphologies
of the WPW syndrome are the probable
explanation of this difference.
The presentation of ventricular pre-excita-

tion with delta waves and persistently normal
PR interval in 2 patients with paroxysmal
tachycardia is a prominent finding in this
series. This is a rare but well-recognized ab-
normality (Pick and Katz, I955; Chung,
Walsh, and Massie, I965), which may be
explained by an anomalous conducting path-
way between the lower AV node bundle of
His and the upper posterior part of the ven-
tricular septum (Fig. 6). In such cases the
delta wave is the only sign of pre-excitation,
since the supraventricular impulse is normally
delayed in the AV node. During attacks of
paroxysmal tachycardia, however, an abnor-
mal AV nodal bypass may be functioning.

FIG. 4 Case 3. WPW syndrome with left bundle-branch block. PR interval of o.io sec, delta
waves in leads I, aVL, and V5-V7. After the endpoint of the pre-excitation waves there is a
further prolongation of the QRS complex to O0I2 sec.
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FIG. 5 Case 4. Conduction disturbances associated with abnormal Q waves. (A) Right atrial
enlargement and first-degree AV block (P-R 0 24 sec). (B) Incomplete right bundle-branch block
(rSr's' in V2) with abnormal Q waves of o-o4-oo6 sec duration in lead III suggesting inferior

* wall necrosis. (C) Aberrant intraventricular conduction of left bundle-branch block type during an
attack of paroxysmal tachycardia.
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FIG. 6 Schematic representation of abnormal
conduction pathways in ventricular pre-
excitation. (A) Fibres bypassing the AV
node (B). Anomalous pathway between lower
part of the AV node and ventricular septum
(Mahaim fibres).

The existence of several abnormal pathways
in the same heart was shown by Lev et al.
(I966). It is important to recognize this rare
form of ventricular pre-excitation to avoid
misinterpretation of the electrocardiographic
tracing. Negative delta waves are a well-known
source of error even in the typical WPW syn-
drome; an inferior wall infarction may be
diagnosed, especially in older patients, when
the shortening of the PR interval is not
present. The conspicuous left axis deviation
observed in our patients can be equally mis-
leading, since this abnormality in children is
usually associated with atrioventricular canal
defects or tricuspid atresia. Surprisingly
enough, Ebstein's anomaly is rarely con-
sidered in the differential diagnosis of left
axis deviation in children and was initially
overlooked in the 3-year-old child in this
series.
The combination of the Wolff-Parkinson-

White syndrome and left bundle-branch block
is highly unusual, but a few well-documented
examples have been reported (Castellanos,
Mayer, and Lemberg, I962; Varriale, Al-
fenito, and Kennedy, I966). In these cases the
increased duration of the QRS complex is not
only due to delta waves, but there is a true

delay in left ventricular excitation. The left
bundle-branch block pattern could be pro-
duced either by the slow progression of the
pre-excitation impulse from the right to left
ventricular myocardium bypassing the other-
wise normal conducting system, or by an
anatomical lesion in the left bundle. In the
individual patient these mechanisms cannot
be distinguished, unless an electrocardiogram
shows persistent left bundle-branch block
after the disappearance of pre-excitation, as
in the case of Varriale et al. (I966). Left
bundle-branch block is rare in Ebstein's
anomaly (Schiebler et al., I959b), and not
surprisingly the electrocardiogram of our
patient was initially thought to be suggestive
of a cardiomyopathy.
The finding of atypical incomplete right

bundle-branch block and abnormal Q waves
suggesting inferior wall infarction in a patient
with Ebstein's anomaly and normal left ven-
tricle represents the unusual form of intraven-
tricular defect. The broad negative deflections
in leads III and aVF could be interpreted as
negative delta waves, but their positive
counterpart was not seen in any other lead
and the PR interval was not shortened. An-
other possibility would be the association of
right bundle-branch block and a conduction
defect in the posterior division of the left
bundle, which is known to cause Q waves in
the inferior leads (Rosenbaum et al., I969;
Watt and Pruitt, I969; Warembourg et al.,
I970). Prominent inferior lead Q waves were
also present in one of the patients with
Ebstein's anomaly reported by Lowe et al.,
but the authors did not comment on this
abnormality.

In conclusion, WPW syndrome may be
more frequent in Ebstein's anomaly than
usually considered. Ventricular pre-excitation
with normal PR interval should be recognized
to avoid misinterpretation of negative delta
waves and left axis deviation. A more wide-
spread anomaly of the intraventricular con-
ducting system can cause abnormal excitation
of the left ventricle with abnormal Q waves
simulating myocardial infarction. Pre-excita-
tion does not exclude the diagnosis of bundle-
branch block.

We should like to thank Professor J. F. Goodwin
for his advice and help. Richard Mazzei and David
Privier (final year student from Detroit Medical
School, U.S.A.) contributed to the analysis of
patients with Ebstein's syndrome. We are grateful
to the Department of Clinical Photography for
the illustrations.
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