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A long term follow up of 15 patients with
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SUMMARY The clinical course in 15 patients with features consistent with arrhythmogenic right
ventricular dysplasia is described. At referral seven patients had abnormal physical findings, nine
had abnormal electrocardiograms with non-specific right-sided abnormalities, and seven patients
had increased heart size or prominent right ventricles on chest x ray. During long term follow up
(mean 8 8 years, range 1 5 to 28 years) 11 patients had abnormal physical findings, 11 had electro-
cardiographic changes, and nine had increased heart size. Recurrent sustained right ventricular
tachycardia was the most common arrhythmia (10 patients). Two patients experienced ventricu-
lar fibrillation. Seven patients suffered from over 10 episodes of ventricular tachycardia, nine
required cardioversions, and 10 patients had associated serious symptoms such as syncope, severe

hypotension, or cardiac arrest. Four patients required operation to correct the arrhythmia and
three patients developed right heart failure. Two out of three deaths were sudden.
These data suggest that in arrhythmogenic right ventricular dysplasia right ventricular abnor-

malities may be progressive and that the condition may affect the left ventricle. The course of the
ventricular arrhythmias was highly variable and could not be predicted in individual patients.
The potential for lethal ventricular arrhythmias is evident and warrants intensive diagnostic
efforts to identify patients with adverse prognostic features.

In 1977 Fontaine et al described a previously
unrecognised form of cardiomyopathy affecting the
right ventricle. They called this arrhythmogenic
right ventricular dysplasia.' The syndrome is char-
acterised by episodes of ventricular tachycardia with
a QRS configuration that is typical of left ventricular
delay, the presence of ventricular post-excitation
waves and global or regional wall motion abnormal-
ities of the right ventricle.2 The right ventricular
muscle is partially or totally replaced by adipose and
fibrous tissue.3
Long term follow up of patients with arrhyth-

mogenic right ventricular dysplasia has only been
reported in a limited number of cases.45 To obtain a
clearer picture of the clinical course in these patients
we have analysed the clinical characteristics and
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results of routine diagnostic methods in 15 patients
with features consistent with arrhythmogenic right
ventricular dysplasia.

Patients and methods

We studied 15 patients referred for the evaluation of
arrhythmias. The clinical features were consistent
with previous descriptions of arrhythmogenic right
ventricular dysplasia.2 6 7 The diagnosis of arrhyth-
mogenic right ventricular dysplasia was based upon
the electrocardiogram obtained during sinus rhythm
and ventricular arrhythmia, the electrophysiological
study (n = 11), the findings at echocardiography8 (n
= 15), multigated equilibrium radionuclide angio-
graphy with technetium-99m9 (n = 12), and cardio-
angiography (n = 11), the histological examination
of myocardial specimens obtained at operation or
necropsy (n = 6), and non-invasive analysis using
signal-averaged QRS signals (n = 13). Two patients
died a few months before admission and their case
records were supplied by medical centres nearby

477



478
Table 1 Clinical data on admission and clinical course
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Case Age/sex History duration

1* 23/F As admission (2 mnth)

2 13/M Palpitation (1 yr)

3 7/M 0

4t 34/M As admission (1 yr)

51 15/M Fatigue, fever,
syncope, muscle pain,
sore throat (3 mnth)

6t 13/F Upper respiratory tract
illness (1 wk); faintness
(I yr)

41/M

15/M

40/F

29/M

0

As admission (1 yr)

Attacks faintness, and
dyspnoea (1 yr)

Palpitation (4 mnth)

11 24/M Attacks dyspnoea on
exertion (3 mnth)

12 50/M 0

13 42/F Attacks of palpitation
and dyspnoea.
Ventricular
extrasystoles (18 yr)

14 49/F As admission (5 yr)

15 41/M Chest oppression on
exertion (5 yr)

Features on admission

Fatigue, fever, GI symptoms,
appendicitis? (VT)

Abdominal pain, cough (VT)

Fatigue, fever, cough, sinusitis,
GI symptoms (VT)

Attacks palpitation faintness,
dyspnoea (VT)

Fatigue, faintness, tonsillitis.
Ventricular extrasystoles

Faintness, fatigue, chest pain
(VT)

Palpitation (VT)

Palpitation on exertion (VT)

Attacks palpitation, faintness,
dyspnoea (VT)

Attacks palpitation, chest
oppression (VT)

Cardiac arrest (VF)

Faintness, several episodes of
syncope, nausea (AFI)

Palpitation, several episodes of
syncope (VT)

Attacks of palpitation faintness,
fatigue (VT)

Syncope, palpitation on exertion
(VT---AVNRT)

Physical Clinical course,
findings arrhythmias (No ofAA drugs)

N Palpitation, recurrent VT first
decade. AF in last 2 yr (5)

N Palpitation, few VT. Remission and
relapse. No VT last 9 yr (5)

Split 2 HS, Palpitation, faintness. Recurrent VT
SM with years of remission (2)

Split 2 HS Palpitation, faintness. Few VT first
3rd HS, 2 yr remission (1)
SM

3rd HS, Fatigue, faintness for a few mnth.
SM PL Palpitation. Ventricular extrasystoles

(0)
Split 2 HS Fatigue for a few mnth. No relapse
3rd HS, VT. Ventricular extrasystoles (1)
PL

3rd HS Palpitation. Recurrent VT.
Operation after 3 mnth (2)

3rd HS, PL Palpitation. Few VT in first years,
monthly relapses (6)

N Palpitation, syncope. Recurrent VT.
Operation after 3 yr (5)

Split 2 HS Palpitation. Few VT in first yr
3rd, 4th frequent relapses after 7 yr (4)
HS

N Resistant VT/VF in first yr despite
surgery-.remission- late relapse (8)

N

N

N (HT)

N

Afl and SVT in first years. Single VT,
no relapse (0)

Palpitation, faintness, VT
becoming progressively worse.
Surgery after 9 yr (11)

Palpitation, no faintness. No VT.
Ventricular extrasystoles (1)

Faintness and palpitation on
exertion. No syncope (7)

RHF

Yes, 12 yr after
admission

0

0

0

0

0

0

0

0

0

Yes
postopera-
atively.
Tricuspid
valve surgery

Yes, 1 yr after
admission

0

0

0

*Friedrich's ataxia in three sisters; tspleenectomy for congenital haemolytic anaemia; tbrother and sister; §father and son.
0, none; GI, gastrointestinal; VT, ventricular tachycardia; VF, ventricular fibrillation; AVNRT, atrioventricular nodal reentrant tachycardia; AF, atrial
fibrillation, AFI, atrial flutter; SVT, supraventricular tachycardia; N, normal; HS, heart sound; SM, systolic murmur; PL, precordial lift; HT,
hypertension; AA, oral antiarrhythmic agents for ventricular arrhythmias; RHF, right heart failure.

Table 2 Characteristics ofventricular arrhythmia

Ventricular tachycardia
Ventricular

Case extrasystole type Rate (beats/min) Configuration (No) Vector Attacks

I RLB*t,m 120-200 LBBB (3) -15, -45, -60, +75, +60 >10
2 LB*t,m 200-260 LBBB (2) -60, +904-4+105 >10
3 None 150-250 LBBB (2) + -0,(- 15?) +75,( 90?) 6-10
4 LB*t,m 150-240 LBBB(1) -60 2-5
5 RLB,m+ + - -

6 LB*t,m 250 LBBB(1) +75 1
7 LB*t,u 200-240 LBBB(1) -45 2-5
8 LB*t,m+ + 120-190 LBBB (3) +105,4-4-30, -45 6-10
9 LB*t,u+ + 170-260 LBBB(1) +105 >10
10 RLB*t,m 150-250 LBBB (2) -60, +75 >10
11 RLB*,m++ 130-250 LBBB (2) +105, -60 >10
12 RLB*t,m 165 LBBB(1) -75 1
13 RLB*t, m+ + 200-250 LBBB(1) +105 >10
14 LB*t, m+ + 200-250 LBBB(1) +90 >10
15 LB*,u 270 LBBB(1) ? 2-5

m, multifocal; u, unifocal; *ventricular extrasystoles of identical QRS configuration as VT; tventricular extrasystoles of QRS configuration other
than VT; RLB, right and left bundle branch block configuration; + +, frequently recorded on electrocardiogram often in couplets, bigeminy, or
trigeminy;NS, non-sustained; EVT, VT induced at or after ergometer stress test; ND, not done; DC, direct current countershock; AA,
antiarrhythmic agent administered intravenously; RV, right ventricular (OT, outflow tract; A, anterior wall); tri, tricuspid region; *-+, alternating
during the same attack.
See footnote to table 1 for other abbreviations.
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A long term follow up of 15 patients with arrhythmogenic right ventricular dysplasia4
(cases 5 and 12). Three patients have been described
in earlier reports (cases 7, 8, and 11).1̀`5The clin-
ical history, physical examination, resting 12 lead
electrocardiogram, and chest x ray12 at first admis-
sion, during follow up, and at the end of follow up
were evaluated in each patient. The QRS
configuration during spontaneous ventricular tachy-
cardia was classified according :to the bundle branch
block pattern in the precordial leads. Ventricular
tachycardia was defined as sustained (> 30 s) or non-
sustained (< 30 s). An episode of ventricular tachy-
cardia was defined as either an isolated sustained
tachycardia or as incessant short runs of tachy-
cardias.

Results

CLINICAL CHARACTERISTICS (TABLE 1)
The mean age -at onset of symptoms was 27 years
(range 7-50 years). The ratio of males to females was
2:1. Eleven patients had a previous history of
arrhythmia-related symptoms, defined as pal-
pitation, faintness, syncope, and attacks of dyspnoea
or chest oppression, alone or in combination. Three
patients had no previous history, before they
presented with tachycardia. The mean time -from
onset of symptoms to admission to hospital was 2.3
years (range 0-18 years). Nine patients had a history
of symptoms of one year or less and three patients a

history of 5-18 years.

The patients' mean age at first hospital admission
was 29 years (range 7-50 years). Twelve patients
presented with ventricular tachycardia, one with
ventricular fibrillation, one with ventricular extra-

systoles, and another patient with atrial flutter. In
six patients ventricular tachycardia emerged during
an infection (cases 1, 2, 3, 5, 6, and 12). In these
patients the clinical picture, and routine blood tests
or electrocardiogram or both indicated acute myo-

cardial damage.

Characteristics of arrhythmia (table 2)
Ventricular tachycardia occurred in all but one

patient who had only ventricular extrasystoles. The
ventricular tachycardias were sustained in 12
patients, 10 of whom usually- required- intervention
with antiarrhythmic drugs or DC countershock or

both for conversion to sinus rhythm, and two of
whom usually had self-terminating tachycardia
(cases 4 and 13).- Two patients had non-sustained
ventricular tachycardia, which in one of them devel-
oped into atrioventricular nodal reentrant tachy-
cardia. Three patients suffered mainly from bouts of
uniform incessant tachycardia (cases 9, 13, and 14).
Ventricular fibrillation occurred during a pre-

operative electrophysiological test in two patients
(cases 7 and 11) and case 11 also had two episodes
out of hospital. Seven patients reported
effort-related palpitation or tachycardia and in six of
them ventricular tachycardia was induced during
ergometer stress testing or in the immediate post-
exercise period. Syncope was experienced by five
patients, three of whom underwent 24 hour Holter
monitoring, which confirmed a relation with tachy-
cardia (cases 9, 13, and 1.5).

Severe hypotension or circulatory sh-ock occurred
during some episodes of tachycardia in six patients
(cases 1, 3, 6, 9, 10, and 11) while in three patients

Type Effort related palpitation/EVT Treatment DC/AA/other Electrophysiological studyl/VT origin

Sustained Yes/yes DC, AA, Stellatum blockade Yes/?
Sustained Yes/yes, VE1 DC, AA, stellatum blockade Yesa?
Sustained (5 day) No/no, DC, AA ND
Sustained No/no, VEI 0 ND

No/no, VEI - ND
Sustained No/ND DC Yes/?
Sustained No/ND DC, AA RVA (tri)
Sustained Yes/no DC, AA RVOT, RVA, tri.
Sustained (min) No/no, VEI AA RVOT
Sustained No/no DC, AA Tri, RVOT
Sustained, Yes/yes DC, AA RVOT
Sustained No/ND DC, AA ND
Sustained (min) Yes/yes, VE4 AA RVOT
NS (10 beats) Yes/yes, VET AA RV.OT
NS (3-10 beats) Yes/yes, VET 0 Yes/? VT---AVNRT
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Fig I (a) Electrocardiograms obtained during ventricular tachycardia from each of the 14 patients and (b) during sinus

rhythm with ventricular extrasystoles in case 5. The QRS configuration was of atypical left bundle branch block pattern in
cases 11 and 12. Paper speed 50 mm/s.

haemodynamic function was not affected (cases 4, 8,
and 12). The electrocardiogram during ventricular
tachycardia showed a left bundle branch block pat-
tern and in each case the initiating QRS complex
and subsequent complexes had the same

configuration (table 2, fig 1). The frontal plane axes

ranged from -75 to + 105 degrees, whereas axes
between -30 and + 60 degrees were uncommon.
Six patients had two or more clinical types of ven-
tricular tachycardia that were uniform during the
same attack but showed different patterns from one
attack to another. In two of these patients, however,
two types of ventricular tachycardia appeared dur-

ing the same attack (cases 2 and 8). In each case the
left bundle branch block pattem was retained. The
ventricular rate ranged from 120 to 270
beats/minutes. Thirteen out of 14 patients with ven-
tricular tachycardia had ventricular extrasystoles on
the resting 12 lead electrocardiogram. The QRS
configuration was identical with that during ventric-
ular tachycardia in each case. Multifocal ventricular
extrasystoles were seen in 11 patients. Ventricular
extrasystoles with a right bundle branch block pat-
tern were less common; they appeared in six
patients. Six patients had frequent ventricular extra-
systoles which often appeared as bigeminy, trigem-
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A long term follow up of 15 patients with arrhythmnogenic right ventricular dysplasia
Table 3 Details offollow up

Functional
Duration of Subsequent classs during

Case follow up (yr) Symptoms Arrhythmias Physicalfindings AA treatment follow up

1 24 Fatigue Chronic AF and VPC RHF, faint HS, 3rd HS, Digitalis, verapamil (AF) 1-4II
SM, PL

2 22 Palpitation Ventricular extrasystoles Split 2 HS, 3rd HS, SM, Mexiletine I
PL

3 28 Palpitation VT, ventricular extrasystoles CVPt, split 2 HS, 4th HS, Quinidine I
SM

4 7 Palpitation Ventricular extrasystoles CVPI, split 1 and 2 HS Disopyramide I
5 1-5* Asymptomatic Ventricular extrasystoles + + 3rd HS, SM, PL 0 III-01
6 6 Asymptomatic Ventricular extrasystoles Split 2 HS Pindolol II-+I
7 2-5 (2 5) 0 after operation Ventricular extrasystoles 3rd HS, SM 0 after operation I
8 3 Palpitation Ventricular extrasystoles + + 3rd HS, SM Amiodarone and I

nmexletine
9 5-5(2) 0 after operation Ventricular extrasystoles N 0 after operation I
10 9 Palpitation Ventricular extrasystoles Split 2 HS, 4th HS Flecainide and sotalol I
11 6(5-5)* Fatigue, chest Episode of VT/VF a few wk before RHF, 3rd HS, SM,DM Quinidine, pindolol I_III

oppression death. Ventricular extrasystoles
12 4t Fatigue, AV block I, ventricular extrasystoles RHF, faint HS, split 2 HS, digitalis, verapamil (SVT) I1-III

dyspnoea 3rd HS
13 9(01) 0 after operation Ventricular extrasystoles + + N 0 after operation I
14 3 Palpitation Ventricular extrasystoles + + N Sotalol II-e1
15 2 Asymptomatic 0 N Amiodarone I

Symptoms and arrhythmias include those present during the past six months. Clinical data of patients who died are those that were present at the last
examination before death. The figures in brackets under follow up show the follow up period after operation for arrhythmia.
*Sudden death; tdied in circulatory shock; + + ventricular extrasystoles frequently recorded on electrocardiogram and often in pairs, bigeniny, or
trigeminy; CVP, central venous pressure. See table I for other abbreviations.

iny, or pairs, and in four of these patients the QRS
configuration was identical with that during ventric-
ular tachycardia (cases 8, 9, 13, and 14).

TREATMENT
Antiarrhythmic agents were prescribed for 13
patients to prevent ventricular tachycardia. These
were used alone or in combination and included var-
ious f blockers in nine patients, disopyramide in
seven, sotalol in five, mexiletine in five, quinidine in
five, procainamide in three, tocainide in three,
flecainide in four, amiodarone in two, and pheno-
barbitone, phenytoin, ajmalin, and carbamazepine
in one patient each (table 1). These agents proved to
be ineffective and table 3 shows the subsequent anti-
arrhythmic treatment. Three patients remained on
the single drug initially administered-
disopyramide, pindolol, and sotalol (cases 4, 6, and
14). Several antiarrhythmic drugs were tested in the
remaining 10 patients. Flecainide was arrhyth-
mogenic in one case. The efficacy of the drugs was
difficult to evaluate because of the variable course of
the arrhythinias (fig 2). Two patients (cases 3 and 10)
have had long tachycardia-free intervals on the cur-
rent antiarrhythmic treatment. One patient (case 1)
has had no relapse of ventricular tachycardia for two
years, despite the withdrawal of antiarrhythmic
treatment (case 1). Antiarrhythmic drugs were used
to treat supraventricular tachycardia or atrial
fibrillation in three patients (cases 1, 12, and 15) and

diuretics for right heart failure in three patients
(cases 1, 11, and 12).
Four patients eventually required an operation to

treat arrhythmia. Patient 7 had an operation a few
months after admission.'0 and patients 9 and 13 had
one, three and nine years respectively after admis-
sion. In both the origin of the ventricular tachy-
cardia was in the right ventricular outflow tract. A
transmural incision and cryoablation were per-
formed. The hearts appeared macroscopically nor-
mal but biopsy specimens from the site of origin of
the arrhythmia showed large fat vacuoles in the
myofibres. Patient 11 had two operations for
arrhythmia within a year of admission."1

CLINICAL COURSE (TABLE 3 and FIG 2)
The follow up period (from first being seen by a
cardiologist) ranged from 1-5 to 28 years (mean 8-8
years).

Arrhythmias
The number of episodes of ventricular tachycardia
that required hospital admission varied widely
(fig2). The following groups were identified: (a)
recurrent attacks of intractable sustained ventricular
tachycardia requiring hospital admission for several
days or months, interspersed with remissions for up
to several years in three patients followed for a mean
of 17 years (range 6-24 years) (cases 1, 2, and I1).

Patient 1 had recurrent ventricular tachycardia for
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Hospiata
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*VF
M Several VT attack/wk

r Right heart failure

C)0 Antiarrhythmic drug
treatment

S Surgery
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Fig2 The course of the ventricular arrhythmias fromfirst admission (time zero) to the last follow up. Only episodes of
ventricular tachycardia that required hospital admission are shown. The open arrows indicate the start and end of treatment

with antiarrhythmic drug(s) for ventricular tachycardia. Changes of drugs are not shown. tdeath; VT_ ventricular
tachycardia; VF, ventricular fibrillation.

over 10 years followed by chronic atrial fibrillation.
Drugs given to treat ventricular tachycardia were

then withdrawn without causing relapse. Patient 2
has had no trial of drug withdrawal. In patient 11 a

second type of ventricular tachycardia appeared a

year after the last operation. Partial suppression was

achieved with antiarrhythmic drugs and the patient
gradually recovered. The patient died suddenly out
of hospital five years after the operation for arrhyth-
mia. A few weeks earlier he had relapsed with ven-

tricular tachycardia, ventricular fibrillation, and
right heart failure.

(b) Recurrent isolated attacks of sustained ven-

tricular tachycardia with up to several years of
remissions occurred in five patients followed for
2-5-28 years (mean 10 years) (cases 3, 4, 7, 8, 10).
Patient 3 has had well tolerated attacks of ventricular
tachycardia while on the same drug regimen for the
past three years. Patient 4 has had no relapse in the

past five years. Patient 7 is free from ventricular
tachycardia 2-5 years after operation for arrhythmia.
Ventricular extrasystoles with a QRS configuration
-identical with that during previous ventricular
tachycardia have been documented. Patient -8,-who
initially had ventricular tachycardias only on exer-

tion, deteriorated, experiencing frequent attacks at
rest and two additional types of ventricular tachy-
cardia. On amiodarone and mexiletine no relapse has
occurred in the past six months. Patient 10, who
relapsed after several years of remission, refused
operation for arrhythmia and has been on flecainide
and sotalol for the past 1-5 years. This has led to a

gradual suppression of the tachycardias.
(c) Episodes with repetitive short runs of usually

self terminating ventricular tachycardia occurred in
three patients followed for 3-9 years (mean six,
years) (cases 9, 13, and 14). Two patients have had
no recurrence of ventricular tachycardia 0 5 and two
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A long term follow up of 15 patients with arrhythmogenic right ventricular dysplasia

years after operation for arrhythmia. Ventricular
extrasystoles with a QRS configuration identical
with that seen during previous ventricular tachy-
cardia have been noted. One patient has had no
relapse on sotalol in the past two years.

(d) Two patients followed for 4-6 years had
single attacks of sustained ventricular tachycardia.
Patient 6 has had no trial of drug withdrawal. The
patient's brother had a less favourable course (case
5). Supraventricular tachycardias in patient 12 were
treated medically for a year. The patient died four
years after admission of circulatory shock after
severe right heart failure was followed by cardiac
arrest. Necropsy showed right ventricular dilatation
with fat infiltration and fibrosis, and multiple fresh
pulmonary emboli. There was a mild left ventricular
dilatation.

(e) Frequent ventricular extrasystoles with a left
bundle branch block pattern but no ventricular
tachycardia occurred in one patient (case 5). No
treatment was started. The patient died suddenly
out of hospital during exercise. Necropsy showed
right ventricular dilatation with abundant adipose
and fibrous tissue.

Case 1
a b

aVL -- -,- ,<

I - J f

Case 4
a b

(f) Short non-sustained ventricular tachycardia
developed in atrioventricular nodal reentrant tachy-
cardia in one patient (case 15). There has been no
arrhythmia in the past year on amiodarone.

Right heart failure
Three patients developed a severe right heart failure
(cases 1, 11, and 12). In patient 1 progressive right
heart failure developed insidiously after approxi-
mately 10 years. In patient 11 tricuspid incompe-
tence developed after operation for arrhythmia and
reconstruction of the tricuspid valve was required.
Signs of a progressive right heart failure have devel-
oped slowly during the past few years. In patient 12
right heart failure developed insidiously approxi-
mately one year after admission.
The ventricular tachycardia apparently became

less frequent as the right heart function deteriorated.
No patient developed left heart failure.

Physical findings
At admission seven patients had abnormal physical
findings (table 1). No patient had asymmetry of the
precordium or clinical signs of overt right or left

Case 6
a b

Case 12
a bc

-

r - -~~~

-aVR ,-,

11 ,

aVF -~--

III -A

.V2 -A

V3 _- -

"I~~~~

V6

3 days 5yr

r --- --

,

li-

A

4-y4yr

Fig 3 Resting electrocardiogram during sinus rhythm onfirst admission (a) and at lastfollow up (b). Case 1: note the
development of low voltage, inverted T waves and delayed potentials. Case 4: note the intraventricular conduction disturbance
(arrow) in (a), followed by pronounced delayed potentials (arrow) in (b). Case 6: note the ST elevations followed by Q
waves and inverted T waves indicating acute myocardial damage. Delayed potentials were presentfrom first admission. Case
12: note the development of low voltage and delayed potentials. Paper speed 50mm/s.
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Limb leads
aVL I -aVR 11 aVF III Case No VI

I i F ~
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Precordial leads
V2 V3 VA

2

3

5

6

7

8

9

10a

11

Flaccid

Fx 77\\o At admission

At follow up

12 |- Flaccid -A

13

14

is "1

Fig4 Extension of repolarisation changes onfirst admission compared with lastfollow up. Note the regression of T wave

inversions in some patients; in most these were followed by the development ofQ waves in corresponding leads. The illustrated
T wave inversions in case 3 on admission were recordedfour years after admission because at that time the precordial leads
were incomplete.

heart failure. Four patients developed abnormal
physical findings including a split first heart sound
in one patient, a wide split second heart sound in
two, a third heart sound in one, and a fourth heart
sound in one patient (table 3). Systolic murmurs,

graded 0-5-II/IV over the lower left sternum,
evolved in four patients. Doppler echocardiography
confirmed pulmonary insufficiency in one patient
(case 11).
While they were in sinus rhythm, three patients in

functional class I ended up in class III after right
heart failure and two in class II and one patient in
class III ended up in class I. The remaining patients
remained in class I of the New York Heart Associ-
ation classification.

Electrocardiogram during sinus rhythm (figs 3 and 4)
Of the 15 patients, who had sinus rhythm at admis-
sion, one patient developed chronic atrial fibrillation
and one patient an atrial ectopic rhythm. First
degree atrioventricular block developed in one

patient and intermittent intra-atrial block in
another.
The mean (SD) QRS interval was significantly

prolonged (OlO(001)s (range 0O08-0-13s) versus

011 (002) s (range 010 to 015 s), p < 005). Two
patients developed an incomplete and four a com-

plete right bundle branch block. In most cases ven-

tricular post-excitation waves, mainly confined to
the right precordial leads, accounted for the pro-
longed QRS intervals. Delayed potentials, suspected
in six patients at admission, developed in six other
patients, and previously noted deflections appeared
to become more pronounced. Two out of six patients
with a previously normal electrocardiogram devel-
oped right precordial T wave inversions. Left pre-
cordial T wave inversions evolved in three patients,
two of whom also developed left precordial Q waves.
Figure 4 shows a schema of the T wave changes.
Three patients developed Q waves which were
confined to left precordial or inferior leads. Most of
the ST changes that had been seen before were less
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A long term follow up of 15 patients with arrhythmogenic right ventricular dysplasia
Table 4 Chest radiography on admission and at last follow up

Cardiac size

Case No Admission Follow up Change Interval (years)*

1 RV+ RVT 1210 t 24
2 BivT 470 Bivt 550 t 22
3 Normal RVT 800 t 28
4 RVT 550 RVT 520 None 7
5 BivT 680 BivT 500 1 1-5
6 BIVT 510 BivT 540 None 6
7 N N None 2-5
8 N N None 3
9 N N None 5-5
10 N N None 9
11 N RVT 760 t 6

Prominent RVOT
12 BivT 660 Bivt 800 1 4
13 N N None 9
14 RV+ BivT 530 t 3
15 N N None 2

Cardiac size is given as the relative heart volume-volume: body surface area (ml/m2).12 RV +, prominent right ventricle; biv,
biventricular.
*Years between the first and last chest x ray.

pronounced. One patient developed a right frontal
plane axis. Low voltage electrocardiogram (defined
as QRS amplitudes < 5mm in leads I, II, and III, or

< 10mm in all precordial leads) evolved in two

patients.

Chest radiography (table 4)
The size of the heart increased in four out of 10
patients with previously normal relative heart vol-
umes and in two out of five patients with previously
enlarged hearts. The increasing heart sizes did not

seem to parallel the course of the ventricular
arrhythmias. The largest hearts were found in
patients with right heart failure. No patient had pul-
monary congestion.

Discussion

Although several reports have characterised
arrhythmogenic right ventricular dysplasia, little
attention has been paid to changes that may appear

with time in physical examination, electro-
cardiography, or chest x ray. Furthermore, the pau-

city of long term follow up studies has precluded a

statement on the clinical course. The present study,
however, enabled us to establish a composite clinical
profile and to elucidate further the clinical outcome
in this group of patients. We attempted to reconcile
our data with other published reports on arrhyth-
mogenic right ventricular dysplasia.

CLINICAL CHARACTERISTICS
The main clinical signs of recurrent sustained right
ventricular tachycardia and the frequency and sever-

ity of arrhythmias accorded with the other

reports.2 13 14 We found that ventricular arrhyth-
mias may not become apparent until continuous
telemetry is performed (cases 1 and 5).

Spontaneous episodes of ventricular tachycardia
showing different frontal QRS axes were more com-

mon in our patient than in a larger study,2 but
resembled findings in other reports.7 Different QRS
configurations imply different sites of origin in the
right ventricle, although, in the absence of operative
mapping, the possibility that there were exit points
in the same region cannot be entirely excluded. Two
(13%) of our patients experienced ventricular
fibrillation. Their previous histories and clinical fea-
tures were not distinctly different from those of the
other patients. Others have called attention to both
clinically occurring and inducible ventricular
fibrillation in arrhythmogenic right ventricular dys-
plasia.7 15 16 The significance of the latter remains to
be clarified.17 18 Multiple configurations of ventric-
ular tachycardia and ventricular fibrillation imply
electrical instability, which in tum may reflect the
widespread nature of the right ventricular dis-
turbance. This was supported by the observation
that multiple types of ventricular tachycardia were

mainly found in patients with the most pronounced
right ventricular wall motion abnormalities. Patients
with right ventricular tachycardia and abnormalities
of right ventricular structure appear to have a less

benign clinical presentation and less favourable
findings at electrophysiological study.'9
The incidence of supraventricular arrhythmias

was low and comparable with that reported pre-
viously,2 7 as was the incidence of clinical abnormal-
ities of atrioventricular conduction2 13 which may
only be revealed by electrophysiological testing.20
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In the present study there were two families with

arrhythmogenic right ventricular dysplasia
detected.'0 A familial occurrence has been
reported2 15 21 and a genetic pattern has been sug-
gested.2 Familial exposure to a common toxic or
infectious agent seems likely because of the
progressive course and the apparent development of
myocardial damage in some patients. Although the
term "dysplasia" implies a congenital disorder, the
aetiology of arrhythmogenic right ventricular dys-
plasia remains obscure.

CLINICAL COURSE AND PROGNOSIS
The mortality among our patients was 20%, which
is higher than previously reported.2 Two out of
three deaths were sudden. Sudden death occurred in
one patient who was not receiving treatment because
his ventricular extrasystoles seemed to be benign
and in another who experienced repeated ventricular
fibrillation. In the latter patient, both operation for
arrhythmia and the testing of multiple anti-
arrhythmic drugs failed to prevent life-threatening
arrhythmias. Both patients had severe infiltration of
the right ventricle by adipose tissue; however, this
was also seen in a patient who had only a single
attack of ventricular tachycardia. Severe fat
infiltration has also been noted in patients with nor-
mal right ventriculograms.22 We saw an apparent
reduction or resolution of ventricular tachycardia in
one patient as the right heart function deteriorated.
A relation between fatal arrhythmias and previous
arrhythmias or degree of right ventricular abnor-
mality was thus difficult to discern. On the basis of
our and previous reports, the tendency for sudden
death or ventricular fibrillation seems unpredict-
able. Those affected had a wide range of right ven-
tricular abnormalities on cineangiography, from
normal to severely dilated and hypokinetic right
ventricles.'3 15 23 Because of the evident potential
for fatal ventricular arrhythmias in patients with
arrhythmogenic right ventricular dysplasia an
incensive diagnostic approach is vital so that the
adverse prognostic features in this group may be
identified.
The prognosis in idiopathic ventricular tachy-

cardia is widely believed to be favourable.24 By
definition, there is no detectable cardiac abnormal-
ity. The tachycardia has been described as being the
classic form of incessant runs of ventricular tachy-
cardia,26 as paroxysmal uniform sustained ventricu-
lar tachycardia,24 or as left bundle branch block
tachycardia with a vertical axis.27 Three of our
patients shared these electrocardiographical charac-
teristics. The electrocardiograms were normal and
only minor regional or global abnormalities were
seen on right ventricular angiography. In two of
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them preoperative right ventricular biopsy was per-
formed. This showed intracellular fat vacuoles, sug-
gesting a mild form of arrhythmogenic right
ventricular dysplasia. Even though no patient devel-
oped ventricular fibrillation, two of them required
operation for arrhythmia, which implies that it may
not be correct to describe this arrhythmia as benign.
A recent study showed that ventricular tachy-

cardias caused by arrhythmogenic right ventricular
dysplasia do not differ distinctly from idiopathic
ventricular tachycardias in terms of the width and
the amplitude of the QRS complexes.24 As a left
bundle branch block pattern during tachycardia is
often seen in both populations the only important
difference is the occurrence of different
configurations in arrhythmogenic right ventricular
dysplasia. As the present study shows, however,
different QRS during tachycardia may not appear
for several years. Moreover, some cases with appar-
ently idiopathic ventricular tachycardia, later diag-
nosed as arrhythmogenic right ventricular dysplasia,
had localised abnormalities or even normal findings
on right ventriculography.24 It can be difficult to
distinguish these clinical entities.

STRUCTURAL PROGRESSION
The electrocardiographic changes, physical
findings, and increasing heart size during follow up
all suggest a progressive right heart disorder, which
was confirmed by the right ventricular dilatation and
functional deterioration in three patients.

Patients with arrhythmogenic right ventricular
dysplasia often have non-specific right-sided abnor-
malities on the surface electrocardiogram during
sinus rhythm.2 13 28 The observation that electro-
cardiographic changes developed during follow up,
which supported a progressive right-sided disorder,
was, however, a novel finding. These changes
included the development of incomplete or complete
right bundle branch block, right frontal plane axis,
right precordial T wave inversions, and delayed
potentials. Different degrees of delayed right ven-
tricular activation are thought to be caused by par-
tial block without definite alteration of the bundle
branches.29 Most T wave changes remained con-
stant for years and their importance was hard to
evaluate. Low voltage seemed to reflect the degree of
right ventricular dilatation, since it only developed
in patients with right heart failure.
Abnormal physical findings were more common

in our patients than in a larger study.2 The fre-
quently encountered widely split second heart
sounds may be caused by delayed contraction of the
right ventricle. The presenice or development of
abnormal physical findings seemed to be related to
the extent of right ventricular involvement.
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The findings on chest x ray, which showed every-
thing from a completely normal cardiac silhouette to
a definitely enlarged heart, accorded with earlier
observations.2 The increase in heart size seen in
40% of the cases demonstrated the progressive
nature of arrhythmogenic right ventricular dys-
plasia. A progressive right ventricular disorder and a
left ventricular involvement were confirmed in one
patient (case 6) by serial echocardiograms. A
progressive course has been reported in isolated
cases.430 A new finding was that several of our
patients developed signs of acute myocardial dam-
age, some of which seemed related to a previous
infection. The presence ofdevelopment of a left ven-
tricular involvement was suggested by the T wave
inversions and Q waves in the left precordial leads
and by the right bundle branch block pattern of the
ventricular extrasystoles. It was confirmed at oper-
ation or necropsy in three patients. Left ventricular
involvement may be more common than shown by
cineangiography.3' Extensive left ventricular
involvement2 4 32 and pulmonary congestion are
rare.33

TREATMENT
Most of our patients with arrhythmogenic right ven-
tricular dysplasia were managed medically. The
efficacy of various antiarrhythmic agents has not
been systematically evaluated. Medical treatment
was effective in abolishing ventricular tachycardia in
approximately 50% of patients.2 Apparent sponta-
neous resolution of ventricular arrhythmias was
reported in isolated cases.5 6 Operation for arrhyth-
mia seems to be effective in preventing most epi-
sodes of recurrent venticular tachycardia,34 35

although ventricular tachycardia of different
configurations has appeared after successful oper-
ation.34 The apparent instability of the ventricular
arrhythmias makes it difficult to be certain when
operation is indicated or even when it is effective.

This study was supported by grants from the Swed-
ish National Association Against Heart and Chest
Disease and the Medical Society of Gothenburg.
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