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Ventricular tachycardia of left bundle branch block
configuration in patients with isolated right ventricular
dilatation
Clinical and electrophysiological features
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SUMMARY Electrophysiological studies showed ventricular tachycardia in five patients (four male,
one female) with isolated right ventricular dilatation. All had been asymptomatic before the onset of
palpitation which had developed in adolescence or early adult life. Tachycardia had been associated
with syncope in four patients, and three had been resuscitated from ventricular fibrillation before
investigation. The electrocardiogram during ventricular tachycardia showed a left bundle branch
block pattem, and endocardial mapping at electrophysiological study confirmed the right ventricu-
lar origin. The presenting tachycardia could be induced in all patients by programmed stimulation,
and in three patients ventricular tachycardia of differing configuration could be induced, but the
right ventricular origin and left bundle branch block pattern were maintained. In two patients
ventricular tachycardia degenerated into ventricular fibrillation. Cineangiography, cross sectional
echocardiography, and multigated radionuclide angiography confirmed the dilated abnormal right

ventricle while indicating that left ventricular function was normal. On resting electrocardiograms T
wave inversion over the right precordial leads was the sole abnormality. There were no signs of right
heart failure and exercise tolerance was normal. Four patients have received maintenance treatment

with antiarrhythmic drugs, and one had undergone operative mapping and ablative surgery.

Thus ventricular tachycardia complicating right ventricular dilatation may be associated with
serious symptoms and ventricular electrical instability; and in adults it may be suspected on clinical
grounds by inverted T waves in the right precordial leads.

Ventricular tachycardia may occur in the context of
organic heart disease but may also be present when
cardiac structure and function are apparently
normal.' 2 The QRS morphology of both ventricular
extrasystoles3 and ventricular tachycardia4 has been
proposed as a method of discrimination between right
and left ventricular origin. Although electrophysiolog-
ical mapping has shown that attribution on the
basis of bundle branch block morphology is
not always valid,5 endocardial mapping-particularly
intraoperatively-can localise the ventricular origin of
ventricular tachycardia.6 The observation that ven-
tricular tachycardia arising on the right side may be
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found in the absence of organic heart disease and that
left sided arrhythmias ,are frequently associated with
coronary or other heart disease led some investigators
to ascribe a more benign prognosis to ventricular
tachycardia arising from the right ventricle.478 A
comparison of patients with chronic recurrent left and
right ventricular tachycardia suggested that organic
heart disease was unusual when tachycardia arose
from the right side, although right ventricular angio-
graphy had not been performed.4 Fontaine et al.
recognised a condition in which there is apparent dys-
plasia of the right ventricle and which is frequently
complicated by ventricular tachycardia arising from
the right side.9 Two recent studies have drawn atten-
tion to the importance of considering organic disease
of the right ventricle (and performing thorough inves-
tigation of the right and left ventricles) in patients
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who present with right sided ventricular tachycar-
dia. IO 1 1 Reiter et al. elaborated on arrhythmogenic
right ventricular dysplasia and other conditions which
compose the "clinical spectrum of ventricular
tachycardia with right bundle branch block morphol-
ogy."10
We report our experience in five patients with ven-

tricular tachycardia of left bundle branch block
configuration in whom the right ventricle was shown
to be abnormal in structure and function and who
underwent electrophysiological study and subsequent
antiarrhythmic treatment.

Patients and methods

Five patients referred with palpitation were included
in the study. Two patients in this series are also
reported elsewhere.'2 Ventricular tachycardia was
diagnosed initially on electrocardiographic criteria
when atrioventricular dissociation, atrial capture, or
fusion complexes were identified and subsequently
confirmed during intracardiac electrophysiological
study. Left bundle branch morphology was diagnosed
when the QRS complex suggested left bundle branch
block aberration, exceeding 120 ms and having an rS
appearance in lead VI. A clinical history was
obtained, physical examination performed, and
routine haematological indices measured. Serious
symptoms were defined as syncope or cardiac arrest in
association with the tachycardia. No patient had had a
previous myocardial infarction.

Resting electrocardiograms were recorded at nor-
mal standardisation and also at a gain of 0.5 mV/cm at
least one month after an episode of tachycardia and
when the patient was not receiving any anti-
arrhythmic medication. Echocardiography was per-
formed in each case using cross sectional and M mode
techniques. Particular attention was given to evaluat-
ing right and left ventricular cavity size from para-
sternal, apical, and subcostal transducer positions.'3
All patients also underwent left and right heart'4
catheterisation and cineangiography. In two patients
coronary angiography was also performed because of
atypical chest pain either associated with their palpita-
tion or occurring independently. In addition multi-
gated radionuclide angiograms of both the left ventri-
cle (using technetium-99m) and right ventricle (using
krypton-81m) were performed according to our usual
techniques.'s Standard exercise test using a modified
Bruce protocol was performed in each patient.

Intracardiac electrophysiological study was per-
formed in all patients. After informed consent had
been obtained and premedication with diazepam
given pacing and recording electrodes were intro-
duced percutaneously from the right femoral and left
subclavian veins and positioned within the heart. Pre-
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liminary investigation involved recording from high
right atrium, coronary sinus (to record left atrial and
left ventricular potentials), bundle of His, and right
ventricular apex. With this arrangement anterograde
and retrograde patterns of atrioventricular conduction
were studied according to our usual protocol.'6
Where there was intact retrograde conduction the pat-
tern of retrograde atrial depolarisation was mapped
and atrial and ventricular stimulation performed in an
attempt to induce sustained atrioventricular junc-
tional re-entry tachycardia. In the patient in whom
sustained atrioventricular re-entry tachycardia was
induced atrial mapping during the arrhythmia was
performed to localise the retrograde pathway. The
protocol for induction of ventricular tachycardia in-
itially involved the transfer of the right atrial electrode
wire to the right ventricular cavity for mapping activa-
tion sequences during tachycardia; it was also used,
when necessary, for stimulation at sites other than the
right ventricular apex. Ventricular tachycardia oc-
curred spontaneously or was induced during pro-
grammed ventricular stimulation using stimuli of
twice diastolic threshold and 2 ms duration. Single
and then double ventricular stimuli were introduced
with increasing prematurity at one or more pacing
rates until tachycardia was initiated. In one patient
triple ventricular premature stimuli were required to
induce sustained ventricular tachycardia. Termina-
tion of tachycardia was attempted by either single or
double premature stimuli or overdrive pacing; if ven-
tricular flutter or fibrillation occurred immediate DC
cardioversion was performed. Left ventricular map-
ping was achieved by the introduction of an electrode
wire via the right femoral artery into the left ventricle.

After electrophysiological study appropriate anti-
arrhythmic treatment was started, and in one patient
in whom available drugs failed to control arrhythmia
operative mapping and ablative surgery were per-
formed.

Results

CLINICAL DATA
Five patients had ventricular tachycardia of left bun-
dle branch morphology and abnormal right ventricu-
lar structure and function. The table shows the clini-
cal details. There was a male preponderance and the
mean age at onset of symptoms was 19 years. In all
patients episodes of palpitation were particularly
associated with exertion occurring either during or on
recovery from exercise. Four patients had previously
experienced syncope during one or more episodes of
tachycardia, and three of them had been resuscitated
from ventricular fibrillation before referral. There was
no family history of either palpitation or sudden
death.
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Ventricular tachycardia of left bundle branch block configuration 17

Table Clinical data and results of investigatioms infive patiens with isolated right ventricular dilatation

Case Nos

1 2 3 4 5

Clinical data
Age (yr) 43 23 22 32 24
Sex M M M F M
Palpitation
Age at onset (yr) 18 9 19 30 20
Exercise induced + + + +/- +
Associated symptom& of

arrhythmia F, S F, S F, S F, S F
Previous cardiac arrest Yes No Yes Yes No
Foliow up (months) 57 43 9 12 35

Chest x ray
Cardiothoracic ratio 0-53 0-46 0-48 0-48 0-46

Electrocardiography
Sinus rhythm
QRS axis -20° +30° 0° +900 +800
T inversion (leads) V1-4 III, V1-4 V1-3 V1-3 III, VI-2

Spontaneous tachycardia
QRS axis +1100 -600 (a) +110° (a) + 60 -600

(b) -200 (b) +1100
Cycle length (ms) 340 260 (a) 320 (a) 280 270

(b) 295 (b) 210

Exercise testing
Induced ventricular

tachycardia No Yes No No Yes

Cardiac catheersatn
Left ventricle N N N N N
Coronary arteriography N N N
Right ventricular dyskinesia Global Global Apex inf Apex inf Global
Right ventricular pressure

(mm Hg) 24/8 20/5 28/3 24/5 24/5

Echocardiography
Right ventricle D D D D D

Radionuclide angiography
Ejection fraction (%)

Left ventricle 0.54 0.66 0-60 0-58 0-72
Right ventricle 0-24 0-18 0-26 0.32 0-24

Electrophysiological tests
Sinus rhythm (intracardiac

conduction intervals)
PA 35 25 30 40 30
AH 85 40 90 100 95
HV 40 30 30 30 55

Ventricular tachycardia
Cycle length (ms) 320 (a) 260 (a) 300 330 (a) 270

(b) 295 (b) 285 (b) 280
(c) 280

QRS axis +1100 (a)00 (a) +110° +60° (a) +90O
(b) +-0° (b) 0° (b) -600

Initiation S2 ~~~~~~~~~(c)-400
Initiation S2 (a) Spont (a) S2 RVIP (a) S2

(b) S2 S3 (b) S2 S3 (b) S2 S3 S4
(c) S2 S3

Termination PVS (a) PVS (a) Spont OD (a) Spont
(b) PVS (b) OD (b) VF-DC
(c) VF-DC

Treatment
Previous Dp, M Pr, M, Pl A Dp, Q, PI Dp, M, PI

M, T, A, Pf
Subsequent A Dp A + Pf S A

F, faintness; S, syncope; N, normal; Inf, infundibulum; D, dilated; S2, S2 S3, S2 S3 S4, single, double, and triple progammed ventricular
stimuli; Spont, spontaneous; RVIP, right ventricular incremental pacing; PVS, premature ventricular stimuli; OD, overdrive pacing; VF/DC,
ventricular fibriUation and DC cardioversion; Dp, disopyramide; M, mexiletine; A, amiodarone; Pr, procainamide; P1 propanolol; Pf,
propafenon; Q, quinidine; T, tocainide; S, surgery.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

B
r H

eart J: first published as 10.1136/hrt.51.1.15 on 1 January 1984. D
ow

nloaded from
 

http://heart.bmj.com/


Rowland, McKenna, Sugrue, Barclay, Foale, Krikler

I 111 VI V2 V3 V4

b_ _- fl fl1i * 1 T tr-7

~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

ij~~~~~~~~~~~~~7

*.[.

Fig. Standard elctrocardiograms from lads- I, III, VIA from each of thefive patients. In

ech case there was T wave tinversion in leads VI-3 and in three cases the inversion extended to V4.

Typical epsilon potentials, seen in cases I and 2, are arrowed.

None of the patients had abnormalities on physical
examination, and none had presented with right heart
failure. In one patient cardiomegaly was evident on

chest x-ray films (Table).

ELECTROCARDIOGRAPHY
The uniform feature on electrocardiography was T
wave inversion in the right precordial leads (Fig. 1):
all patients had T wave inversion in leads V1-3, while
in three this repolarisation abnormality extended to
lead V4. Three patients also had T wave inversion in
lead III. The QRS axis was normal in all patients, and
no patient showed atrioventricular or intraventricular
block. In two patients (cases 1 and 2) epsilon poten-
tialsl7 were evident on standard gain electrocardio-
graphy and, as with the repolarisation changes, were

seen in the right precordial leads. The PR interval was
short (0- 1 s) in the patient (case 2) who had atrioven-
tricular nodal re-entry tachycardia. Electrocardiog-
rams recorded during episodes of spontaneous
tachycardia that had occurred before investigation

were available in all patients (Table 1). In each case

there were recordings of tachycardia that showed wide
QRS complexes (120-160 ms, mean 136 ms) with a

left bundle branch block morphology. In two patients
recordings from separate episodes were available that
showed two different frontal QRS axes, although in
each case the left bundle branch block configuration
was still retained. Of the seven patterns of tachycar-
dia, three showed leftward orientation of the QRS axis
(- 20° to - 60°) (Fig. 2), the remainder being directed
inferiorly (+60° to + 1100). One patient showed both
narrow and wide QRS complexes during different
episodes of tachycardia and was shown to have
atrioventricular nodal re-entry tachycardia as well as

ventricular tachycardia.
During ambulatory electrocardiographic monitor-

ing before electrophysiological study ventricular
tachycardia and the subsequent degeneration into
ventricular fibrillation were documented (Fig. 3).
Two patients developed ventricular tachycardia on

exercise testing, which terminated spontaneously in
each case; exercise tolerance in the others was normal.

18

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

B
r H

eart J: first published as 10.1136/hrt.51.1.15 on 1 January 1984. D
ow

nloaded from
 

http://heart.bmj.com/


Ventricular tachycardia of left bundle branch block configuration

/ fn q fg gx g. ;-abnormalities of the tricuspid valve apparatus to sug-
if/lv,Alv\Ww g^fi ,. | \,1l >- ;lVE \} \ a gest Ebstein's anomaly, and in all cases left ventricu-If Vt*larcavity size and overall systolic function appeared
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Fig. 2 Selected leadsfrom a 12 lead electrocardiogram (case 2)
taken during ventricular tachycardia showing left bundle branch
block confguration and leftward frontal axis. Leads V2 and V4
were recorded at half-standardisation (paper speed 25 mmiIs).

.1.

cVF

r '?
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Fig. 3 Three channel ambulatory elctrocardiogram showing

the onset ofventricular tachycardia (case 2). The arrangement of

the electrodes allows three approximately orthogonal bipolar

leads to be monitored: a horizontal lead resembling lead ir("I),
an inferior lead resembling lead aVF ("aVF"), and an anterior

lad resemblng lad V2 ("V2") (paper speed 25 miIs). (a)

Three sinus beats are followed by afusion beat, which is followed
in turn by sustained ventricular tachycardia. (b) After minutes

ventricular tachycardia stops spontaneously. After one sinus beat

ventricular tachycardia recurs at a faster rate. This eventually

deteriorated into ventricularfibrillation from which the patient

was resuscitated.

ECHOCARDIOGRAPHY
In all patients echocardiograms showed an abnormally
dilated right ventricular cavity. There were no

ANGIOGRAPHY
Right ventricular angiography showed an enlarged
cavity and impaired contractility in all patients
(Table). There was global akinesis in three patients,
while the remainder showed regional abnormalities in
wall motion. In these two patients one or more areas
(inferior, apical, outflow tract) were hypokinetic or
akinetic, but in none was there evidence of diver-
ticula. Despite these findings there was only one
patient who had a raised right ventricular end dias-
tolic pressure. Left ventricular angiography was nor-
mal in all patients as were left ventricular pressures.
In both patients in whom coronary angiography was
performed coronary anatomy was normal.

Left ventricular radionuclide angiograms
confirmed the normal left ventricular function and
showed ejection fractions within the normal limits for
our laboratory in all patients (Table). Selective right
ventricular radionuclide angiography again indicated
the abnormalities in right ventricular structure and
function. All patients had dilatation of the right ven-
tricular cavity, and, although there were apparent reg-
ions of differential contractile abnormalities, it was
not possible to localise them with accuracy. There
were no diverticula seen on right ventricular radionuc-
lide angiography. The calculated ejection fraction was
impaired in all cases, being considerably below the
normal range for our laboratory (0*48 ± 0.06).
ELECTROPHYSIOLOGICAL TESTS
All patients underwent electrophysiological testing; in
two ventricular tachycardia occurred spontaneously
(Fig. 4), and in all it could be induced by program-

RA + +

VI
O

V6

V\ V (

Fig. 4 Right atrial (RA) electrogram conirming
atrioventricular dissociation during spontaneous ventricular
tachycardia (case 2). Leads I, III, VI, and V6 are shown
(paper speed 25 mmns).
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Fig. 5 Electrocardiograms (case 5) showing (a) sustained ventricular tachycardia iniated after three ventricular premature
stimuli delivered during sinus rhythm right atrial activity (RA) is shown together with leads I, III, V], and V6; and (b) the
ventncular rate accelerating two minutes after the initiatim of tachycardia and the subsequent degeneration into ventricular
fibrillation (paper speed 50 mmls). Cycle length = 280 ms.

med electrical stimulation. The mode of initiation was
by single right ventricular stimuli in three patients,
and by double or triple ventricular extrastimuli or
incremental right ventricular pacing in the others. In
three patients different episodes of ventricular
tachycardia could be induced in which the QRS axis,
although remaining constant in each attack, differed
from one episode to another (Fig. 5). The QRS com-
plexes in lead VI, however, always retained a left
bundle branch block appearance. Right ventricular
mapping showed areas of local activation that either
preceded or coincided with the onset of the QRS
complex and thus established the right ventricular
origin of tachycardia. In the two patients in whom
activation coincided with the onset of QRS, left ven-
tricular mapping was performed and failed to indicate
earlier activation of the left ventricle. Where the fron-
tal axis was directed inferiorly right ventricular map-

ping showed that the earliest point of activation was in
the right ventricular outflow tract. In contrast when
the QRS complex showed left axis deviation earliest
ventricular activation occurred in the inferolateral reg-
ion.

In two patients the initiation of ventricular
tachycardia was quickly followed by degeneration into
ventricular flutter and then ventricular fibrillation
(Fig. 5), from which they were defibrillated promptly
and without consequence. One had experienced palpi-
tations associated with syncope before study, but
interestingly neither patient had required resuscita-
tion from ventricular fibrillation previously. The
remaining patients all maintained full consciousness
during sustained tachycardia, which could be termi-
nated by either single or double ventricular extra-
stimuli or overdrive pacing.

In one patient who showed different episodes with

20
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Ventricular tachycardia of left bundle branch block configuration
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Fig. 6 Electrocardiograms (case 2): multiple morphologies of
sustained ventricular tachycardia showing persstence of left
bundle branch block coqfiguration but different frontal QRS
axes. Right ventriclar (RV) electrogram is shown together with
leads I, III, VI, and V6 (paper speed 50 mmls). (a) Ventricular
tachycardia with horizontal QRS axis is interrupted by two
ventricular premature stimuli (arrows) but continues with an
extreme leftwardfrontal axis. (b) Two ventricular premature
stimuli (arrows) delivered during ventricular tachycardia with
extreme left axis deviation are converted into tachycardia with an
inferior QRS axis. Note the occurence of the ventricular
electrogram during apparent electrical diastole during the left axis
tachycardia and the similarity between the QRS complexes
during tachycardia and the paced complexes.

Fig. 7 Electrocardiogram (case 2)
showing atrioventricular nodal
re-entry tachycardia followed by the
spontaneous appearance ofventricular
tachycardia. Four intracardiac

HBE -H H H - electrograms (HRA, htgh right
305. +16 it -20 -40 atriun; CS, coronary sinus; HBE,

His bundle; RV, right ventricle) are
RV _ ---_A-shoumw ith leads (, III, VI,andV6

290 280 2 2(papffspeed mmls). Thefirst beatIrshows a narrov QRS complexduring
III ~ w > --- / 7- ,-- / *.atrioventricular nodal re-entry

-. x-< v >> tachycardia with atrial and
ventricular activity occurring
simultaneously. The next three

VI -r -'-c-'-- - .: omplexes show progressive fusion and
*,, " shortening of the HV interval (ms) as

,--.-....the ventricular rate accelerates fromv6--~<-~4 1290 to 260 ms and ventricular
250ms tachycardia becomes established with

thefifth complex of the trace.
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three different QRS. patterns, endocardial mapping
during one episode showed local electrical activation
during apparent electrical diastole and preceding the
onset of the QRS complex by 75 ms (Fig. 6). Stimula-
tion at this site produced QRS complexes identical in
appearance to those of the tachycardia. This patient
also had episodes of narrow QRS complex supraven-

tricular tachycardia which were shown to be due to
atrioventricular nodal re-entry. During induced
atrioventricular re-entry tachycardia there were short
non-sustained episodes of ventricular tachycardia dur-
ing which the onset of ventricular activity preceded
the His bundle deflection (Fig. 7). At no time during
premature atrial stimulation or His bundle stimula-
tion was there evidence of accessory nodoventricular
or fasciculoventricular conduction. Similarly, the
absence of a left bundle branch morphology with
atrial pacing excluded the presence of nodoventricular
or nodofascicular fibres in the other patients.'8

FOLLOW UP
The patients have been followed up for 9-57 (mean
31) months. To date one patient remains asymptoma-
tic taking disopyramide; in two patients the tachycar-
dia is controlled with amiodarone, having proved
refractory to conventional antiarrhythmic drugs, and
in one patient it is controlled with a combination of
amiodarone and propafenon (Table). The remaining
patient was refractory to various antiarrhythmic drugs
and underwent excision of an area of the right ven-

tricular outflow tract: in the four months of follow up
she has remined free from palpitation.

Discussion

Ventricular tachycardia has for many years been rec-

ognised in association with various cardiac disorders
but has also been known to occur when there is no
apparent heart disease.1 2 Several studies have attemp-
ted to relate the clinical importance of the associated
heart disease with the presence of ventricular
tachycardia. Additional work has examined the mor-
phology of the QRS complex during ventricular
tachycardia and related this to the ventricular
origin.37 Tachycardia arising from the left ventricle
is characterised by a right bundle morphology and is
frequently associated with ischaemic heart disease.48
In contrast ventricular tachycardia with left bundle
branch morphology was considered to arise from the
right venticle.4 Endocardial catheter and intraopera-
tive mapping studies, however, have shown that the
classification of ventricular tachycardia according to
QRS morphology is by no means exact and, for
instance, that ventricular tachycardia arising from the
left ventricle may have a left bundle branch block
morphology.5 19 Our series of patients was selected on
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the basis that by angiographic and echocardiographic
studies right ventricular structure and function were
abnormal. These patients also presented with ven-
tricular tachycardia of left bundle branch block mor-
phology, and at electrophysiological study the right
ventricular origin of tachycardia was confirmed.
Although intraoperative confirmation of the site of
origin of arrhythmia was performed in only one
patient, endocardial mapping at electrophysiological
study (on the left side in two cases where right ven-
tricular mapping could not be definitive) ruled out a
left ventricular origin.
Two recent studies have examined the features of

patients presenting with ventricular tachycardia aris-
ing from the right ventricle. More than 80% of the
patients investigated by the Duke University group'0
had organic heart disease (which included nodoven-
tricular pre-excitation) and in the majority clinical and
electrocardiographic features were not distinctive.
They commented that right ventricular angiography
and electrophysiological study were needed to clarify
the diagnosis. A considerably lower prevalence of
organic heart disease was found by the Chicago
group," but patients with coronary artery disease
were excluded: 21 of 38 patients with right ventricular
tachycardia had normal right ventricles and only two
had any demonstrable abnormality of the left ven-
tricle. Both these studies re-emphasised the associa-
tion between right ventricular tachycardia and
arrhythmogenic right ventricular dysplasia recognised
by Fontaine et al.9 The extensive and pioneering
experience of the Paris group with this condition has
been summarised together with a review of published
reports.20 The clinical features and nature of the
tachycardia in our patients were precisely the same as
those in the patients described by Fontaine as having
"arrhythmogenic right ventricular dysplasia." Our
patients were young and predominantly male and had
exclusive abnormalities of right ventricular structure
and function. They had associated right ventricular
tachycardia as the presenting feature, and in each case
either all or most of the episodes of palpitation were
induced by exercise. T wave inversion over the right
precordial leads was universal, although only two
patients had definite epsilon potentials despite high
gain surface electrocardiographic recordings in each
case.

Ventricular tachycardia was easily inducible during
electrophysiological study as has been noted by
others. A novel finding in our group was the propen-
sity to develop different episodes of tachycardia aris-
ing from different sites in the right ventricle during
electrophysiological study. Two patients had pre-
sented with spontaneous episodes of tachycardia
showing different frontal QRS axes, and a similar fea-
ture has been noted by Reiter et al.'0 Operative map-

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

B
r H

eart J: first published as 10.1136/hrt.51.1.15 on 1 January 1984. D
ow

nloaded from
 

http://heart.bmj.com/


Ventricular tachycardia of left bundle branch block configuration

ping was not, however, performed during different
morphological forms of ventricular tachycardia, and
different exit points from the same area of the right
ventricle cannot be entirely excluded. Supportive evi-
dence for different origins is suggested by the differ-
ent sites of earliest activation during endocardial
mapping and the notably different frontal QRS axis
during the separate episodes. Clearly, this has impor-
tant implications in those patients who require opera-
tive treatment. Both Fontaine et al.21 and Reiter et
al.10 commented on patients in their series who
underwent apparently successful cryoablation for ven-
tricular tachycardia only to have ventricular tachycar-
dia with a different morphology re-emerge later. The
apparent instability of the ventricular arrhythmia,
perhaps reflecting the widespread nature of the right
ventricular disturbance, was suggested by the propen-
sity, shown in all cases, for ventricular fibrillation; in
three patients it occurred while out of hospital.
Although in the other two it occurred during the elec-
trophysiological study, in one patient it followed the
induction of the identical morphology of ventricular
tachycardia with which the patient presented. In the
other patient ventricular fibrillation followed the use
of three premature ventricular stimuli used in an
attempt to terminate sustained ventricular tachycar-
dia. Although there were no deaths in our series and
all patients were treated after their electrophysiologi-
cal investigation, these features do not suggest a
benign outlook in the absence of effective anti-
arrhythmic treatment. Previous authors have
observed a small incidence of sudden death in right
ventricular dysplasia,'0 20 and the accompanying
report from this institution suggests that the prog-
nosis is not benign.'2

Althought right ventricular angiography showed
the dilated and poorly contractile right ventricle, the
abnormalities were also detected on cross sectional
echocardiography and multigated radionuclide
angiography. These latter techniques may prove to be
of greater value in determining the extent of the dis-
ease and documenting progress.
Some aspects of the clinical importance of right

ventricular tachycardia have been elucidated
recently.'01 l 20 Our patients appear to have had sev-
eral adverse features that necessitated vigorous antiar-
rhythmic treatment. Drug treatment has proved
effective in most of our patients, while the potential
for operative treatment has been shown in the other.
During follow up no symptoms or signs have
appeared that suggest either progression of right ven-
tricular dysfunction or the appearance of left ventricu-
lar involvement. Repeat cardiac catheterisation has
not, however, been performed. Two patients (cases 3
and 4) had histological examination of right ventricu-
lar myocardium. In the patient who underwent opera-

tion the features were similar to those found in other
cases of right ventricular dysplasia.22 The other
patient had the biopsy specimen obtained during
catheterisation from an area of the right ventricle that
was contracting poorly. Examination showed hyper-
trophied fibres with interstitial fibrosis, features
which were consistent with a diagnosis of dilated
(congestive) cardiomyopathy. These findings illus-
trate some aspects of the difficulty of defining the
pathogenesis of the right ventricular disease and pre-
dicting the prognosis.
Whether a diagnosis of right ventricular dysplasia

or dilated cardiomyopathy that selectively affects the
right ventricle has different prognostic implications
remains to be answered. The mean age of our patients
was younger than many published series of patients
with right ventricular dysplasia. It is of interest, how-
ever, that in older patients with right ventricular dys-
plasia left ventricular abnormalities have been seen
and this suggests that the potential for extension of
the disease exists.23 24

In patients with ventricular tachycardia of left bun-
dle branch configuration and normal left ventricles
diligent evaluation of right ventricular structure and
function is required, particularly when T waves are
inverted in the right precordial leads. This may allow
the adverse prognostic features of this group to be
distinguished from those in other patients in whom
both ventricles are normal and who in the absence of
organic heart disease appear to have a benign prog-
nosis.4 1"
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