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Dysplastic conditions of the right ventricular
myocardium: Uhl's anomaly v arrhythmogenic
right ventricular dysplasia
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Abstract
Objective-Since 1905 there have been

many reports of cases in which the right
ventricle was deficient in myocardium.
Several terms have been used to describe
this condition. Of these, "Uhl's anomaly"
and "arrhythmogenic right ventricular
dysplasia" are most often used. Our study
investigates the relation between these
entities.
Method-Five cases with a primary

deficiency of the right ventricular mus-
culature were examined. The findings
were compared with those published
reports to evaluate the similarities and
differences between Uhl's anomaly and
arrhythmogenic dysplasia.
Results-The five cases showed two

patterns of myocardial deficiency in the
right ventricle. On the one hand, the
parietal wall was paper thin with com-
plete absence of musculature and apposi-
tion of the endocardial and epicardial
layers. On the other hand, patchy, local-
ised fibrofatty tissue replacement was
found within the parietal musculature.
Evidence from our cases, combined with
analysis of other publications, showed
different modes and timing of clinical
presentation of the patients with these
two anatomical conditions, congestive
heart failure or arrhythmia.
Conclusions-The conditions variously

described as Uhl's anomaly and arrhyth-
mogenic dysplasia are separate and dis-
tinct morphological entities.
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As far as we can find, it was Osler who first
referred to a parchment heart in which all the
cardiac chambers were greatly dilated and the
walls very thin.' Then, in 1952, Uhl described a

case in which the wall of the right ventricle was
said to be paper thin and almost devoid of
muscle fibres, an appearance akin to parchment
heart.2 Since then, many examples have been
reported in which the muscle of the right
ventricle was wholly or partly deficient. The
term Uhl's anomaly has generally been applied
to such cases, although other terms have been
used such as ectasia of the right ventricle,3
congenital aplasia of the right ventricular
myocardium,4 congenital hypoplasia of the

right ventricle,5 idiopathic right ventricular
myocardial dysplasia,6 absence of right ven-
tricular myocardium,7 fatty infiltration,89 or
lipomatosis.1' Then, in 1979, Fontaine et al
described an entity which they called arrhyth-
mogenic right ventricular dysplasia."1 This
lesion was characterised by localised deficiency
or fibrofatty tissue replacement of right ven-
tricular myocardium. Since then, the term
arrhythmogenic, or right ventricular, dys-
plasia, has been used increasingly often,
whereas, perhaps surprisingly, references to
parchment heart have ceased and those to Uhl's
anomaly have noticeably decreased. This raises
the question of whether these lesions represent
two different entities or are simply variants of a
single underlying congenital malformation?
Our attention was attracted to this correlation
by examination of five hearts examined at
necropsy. We have supplemented our personal
findings with attention to the key features of
nearly 500 of the cases reported. Together, this
has permitted us to evaluate the similarities and
differences between these two groups of condi-
tions.

Case reports
CASE 1
Case 1 was a male neonate for whom no clinical
particulars were available. The right ventricle
was paper thin and, apart from the apical
trabeculations, the free wall was devoid of
myocardium (fig 1). Histological examination
confirmed the absence ofmuscle, a thin layer of
elastic and fibrous tissue being all that
separated the epicardium and the endocardium
(table 1). The left ventricle, great arteries, and
coronary vessels were normal.

CASE 2
Case 2 was a newborn child. No clinical details
were available. The right ventricle was con-
siderably dilated and the free wall of the
outflow tract was paper thin, transillumination
suggesting it to be devoid ofmusculature (fig 2,
table 1). The apical portion of the free wall was
also thin, but showed interlacing muscular
trabeculations. The tricuspid valve had normal
leaflets but the papillary muscles were atrophic.
Histological examination showed that the
affected portion consisted offibrous tissue with
endocardium on one aspect and epicardium on
the other. There were no myocardial fibres, but
the wall was permeated by fine elastic fibres. No
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Figure I Case 1: neonatal male. (A) The right side of the heart is opened laterally to show the normal atrial wall,
the atrophic ventricular zwall and the small papillary muscles. The leaflets of the tricuspid valve are normal. (B) The
right ventricle is opened anteriorly to show the paper thin wall of the outlet region and the attenuated apical
septomarginal trabeculations and supraventricular crest. (C) Section of the anterior wall of the right ventricle. The
muscle fibres have been completely replaced by fibrous tissue which contains manyfine elastic fibres ( x 25). Elastic and
van Gieson stain. (D) Another area showing well preserved muscle in the trabeculations but complete absence in the
parietal wall that is composed of little more than endocardium and epicardium. Note the normal coronary vessels.
x 50; elastic and van Gieson stain.

inflammatory cells were noted and no fatty
tissue was present within the attenuated area.
The left side of the heart was normal, as were
the great arteries and the coronary vessels.

CASE 3
Case 3 was a male 16 yrs eld at death. This
apparently healthy boy collapsed suddenly
while walking home from school. He was taken
to hospital immediately, but was dead on

arrival. There was no significant family history
of cardiac disease or of sudden death.
No abnormalities were noted at postmortem

examination apart from the enlarged heart,
which weighed 390 gm. The right ventricle was
grossly dilated and the free wall showed con-
siderable thinning with many areas completely
devoid of myocardium, with adipose tissue
occupying the space between the endocardium
and epicardium (fig 3). The leaflets of the
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Table 1 Summary of the five cases

Macroscopicfindings (RV)

Papillary Microscopyfindings
Case Age Sex Presentation Previous symptoms Inlet Apical Outlet Septum muscles (RV) (lack of)

I NB M Cardiac failure - + + + + + + + + + Muscle absence
Elastic tissue
Fibrous tissue
Inflammatory cells

2 NB ? Cardiac failure - + + + + ++ + + + + Muscle absence
Fibrous replacement
Elastic tissue
Inflammatory cells

3 16 yr M Sudden death 2 episodes of fainting + + + + + + + + + Fatty muscle replacement
Fibrous replacement
Myocardial degenerative

changes
Inflammatory cells

4 22yr M Suddendeath - + ± + + + + + Fibrousandfatty
replacement
Fatty infiltration
Inflammatory cells

5 36 yr M Arrhythmia and Exhaustion, irregular Muscle deficiency and
cardiac failure pulse from age of 5 yr + + + + + ++ + + + atrophy

Fibrous and fatty tissue
Inflammatory cells

RV, right ventricle; NB, new born; M, male.

tricuspid valve were normal and the papillary
muscles were rather small. The mitral valve
was normal. Sections of the free wall of the
right ventricle showed extensive replacement
of the myocardium by adipose tissue (table 1).
Tenuous, isolated muscle fasicles persisted and
showed areas of degenerative change, atrophy,
and replacement fibrosis. There was no inflam-
matory or other cellular infiltration. The left
ventricular myocardium was not affected. The
coronary arteries were of normal structure and
distribution.

CASE 4
Case 4 was one of sudden collapse and death in
an apparently healthy young man aged 22
years. No clinical particulars or family history
were available. The right ventricle was con-
siderably dilated (fig 4). The thickness of the
free wall ranged from 1 to 4 mm, with the
thinner areas seeming to be devoid of muscle
fibres on transillumination (fig 4). Other areas
including the apex, showed replacement of the
myocardium by fatty tissue. Histological
examination of the outflow tract (fig 4, table 1)

Figure 2 Case 2: neonate. (A) The right ventricle has been openedfrom the front and is illuminatedfrom behind,
showing the very thin and translucentfree wall. Apical trabeculations are present and the papillary muscles are
atrophic. (B) Section of the right ventricle showing replacement of the muscle layer byfibrous tissue ( x 25). Elastic
and van Gieson stain.
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Figure 3 Case 3: male aged 16 years. (A) The interior of the right ventricle transilluminatedfrom behind, showing deficiency of musculature in the
posteriorfree wall. (B) Section of the anteriorfree wall showing an area of almost complete replacement of the myocardium by adipose tissue ( x 25).
Haematoxylin and eosin stain. (C) Section of the apical region of the right ventricle showing surviving trabecular myocardium in the upper left
portion. Elsewhere the myocardialfibres are atrophic and degenerate and are widely separated by replacementfibrosis ( x 100). Masson's trichrome
stain.

A~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
Figure 4 Case 4: man aged 22 years. (A) The right ventricle is opened anteriorly to show the thin wall of the outflow tract (arrow heads),
hypoplastic supraventricular crest (SVC), septomarginal trabeculation (SMT) and papillary muscles. (B) The wall of the outflow tract is
transilluminated to show extensive areas of muscle loss. (C) Section of the wall of the outlet showingfibrous replacement of the myocardium in the
upper portion. Scattered muscle fibres infiltrated with adipose tissue persist in the lower portion ( x 25). Elastic and van Gieson stain.

showed areas without muscle fibres, again with
replacement by fibrofatty tissue. Adjacent
muscle fibres were widely separated by adipose
tissue. There was some interstitial fibrosis but
no evidence of inflammation. Elsewhere the
right ventricular muscle appeared to be
normal.

CASE 5

Case 5 was a man aged 36 years at death. There
was no relevant family history. Childhood had
been normal up to the age of five years, after
which he became unduly fatigued during exer-

tion. He had been conscious of palpitations and
a racing pulse from time to time over 15 years
before death. Treatment with antiarrhythmic
drugs did not stabilise his rhythm completely.
Nine months before he died severe weakness,
oedema, and ascites developed. Cardiac cather-
isation showed a mean pressure of 24mm Hg in
the right atrium, right ventricle, and pulmon-
ary arteries. The right atrium was enormously
enlarged and the right ventricle was dilated and
poorly contracting. The left ventricular func-
tion was normal. He was diagnosed as having
Uhl's anomaly. While awaiting transplantation
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Figure 5 Case 5: man aged 36 years. (A) Right ventricle opened anteriorly showing the thin wall largely composed of adipose tissue with hypoplasia
of the supraventricular crest (SVC) and septomarginal trabeculation (SMT). (B) A closer view ofpart of the outflow tract that has been
transilluminated to show deficiency of myocardium. (C) Section of the wall of the right ventricle that is composed of adipose tissue (A), fibrous tissue
(F) and small groups of surviving muscle (M) ( x 25). Elastic and van Gieson stain.

of the heart, he suddenly deteriorated with low
blood pressure. A biventricular assist device
was surgically implanted without success. He
died in circulatory, renal, hepatic, and
haematological failure. At necropsy the heart
was moderately enlarged with considerable
dilatation ofthe right atrium. The leaflets ofthe
tricuspid valve were normally attached and
were thin and mobile, supported by abnormal
papillary muscles. The right ventricle was only
slightly enlarged with an estimated volume of
roughly 150 ml. The free wall varied in thick-
ness from 0-2 to 0-8 cm, with most of this being
composed of adipose tissue (fig 5, table 1).
Muscle was deficient in the free wall of the inlet
and the outlet portions and seemed to be absent
in some areas. The left atrium, the left ventri-
cle, and the mitral valve were normal. His-
tologically the outlet portion ofthe right ventri-
cle was devoid of muscle fibres. This area was

filled with adipose tissue. There was no inflam-
matory change, although there were areas of
replacement fibrosis with atrophy of individual
muscle fibres.

Discussion
We have described five cases showing two
patterns of deficiency of the myocardium of the
right ventriclo -Two cases represent a condition
identical to that described by Uhl.2 The other
three are comparable with those described in
publications as arrhythmogenic right ven-

tricular dysplasia (or right ventricular car-

diomyopathy).'2 In terms ofmorphology, these
entities are unequivocally distinct. Understan-
ding ofeach lesion, none the less, seems to have
been confused in recent years by imprecise use

ofthe term Uhl's anomaly, as several cases with
morphology directly comparable with that seen
in our last three cases have been described as

Uhl's anomaly."'4 We have, therefore, com-

pared and contrasted the various features
found in our cases with earlier reports to find
the relation between these conditions.

FAMILY HISTORY
Most cases described of either Uhl's anomaly
or arrhythmogenic right ventricular dysplasia
have been sporadic. There are, none the less,
some reports quoting a history of familial
occurrence. This is generally in siblings, but
extends in some instances through three gen-
erations. Analysis of this material is clouded by
the fact discussed above, namely that cases with
the morphology of arrhythmogenic right ven-
tricular dysplasia have been described as Uhl's
anomaly.'2 '2 When the cases are reinterpreted
and graded, as far as can be done within the
scope ofour investigation, then a family history
is mainly restricted to cases with the mor-
phology of arrhythmogenic right ventricular
dysplasia.

SEX
An analysis of 481 cases from 117 publications
specified 220 males and 111 females, giving a
male: female sex ratio of 2:1. The sex was not
mentioned in a further 150 cases. In 84 cases
specified as being Uhl's anomaly (or parchment
heart), there were 42 (56%) males and 33
(44%) females, or a ratio of 1 27:1 0. In the 397
cases referred to as arrhythmogenic dysplasia,
or similar there were 178 (70%) males and 78
(30%) females, a ratio of 2-28: 1 0. The different
degree of male predominance is significant.

AGE
Of 193 published cases in which the age was
stated, it ranged from one day to 84 years. In
those specified as Uhl's anomaly, there was a
considerably higher prevalence in the young
when compared with those described as being
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Table 2 References specifiying Uhl's anomaly or
parchment heart reclassified according to our criteria
(surname offirst author only is listed)

True Uhl's anomaly ARVD Insufficient data

Aherne49 Abe"2 Castelli'8
Ando'0 Bens7" Drory8'
Arcilla" Bex74 Dupont82
Auzepy" Bevilaqua" Esposito83
Buonanno" Bharati" French'
Calabro54 Castleman' Morand8"
Cote' Child'7 Obma'
Cummin 4 Desser6 Ostermeyer87
Descalzo 5 Digglemann'8 Rashkind8
Diaz"6 Fischer'9 Sugiura'
Fuertes5 Froment" Tadei9
Galal4' Forssmann7 Wagner9'
Gasul'8 Hoback'6
Haworth59 Laurenceau'3
Ibsen' Letac"
Kaul6' Matsumoto7'
Kinare6" Reeve76
Leproix6" Vecht'4
Montella' Vedel'
Neimann65 Vernant78
Novak' Santoli79
Osler' Yutani47
Perrin67
Segall'
Sherman69
Tatibouet'°
Taussig'9
Uhl2
Wager"
Zuberbuhler"7

ARVD, arrhythmogenic right ventricular dysplasia. This is
not presented as a complete bibliography.

due to arrhythmogenic dysplasia. The earliest
documented abnormalities were noted on

echocardiography in a 24 week fetus, but no

definite diagnosis was made at that time." This
striking difference in the age at presentation
becomes even more obvious when published
cases described as Uhl's anomaly but having
the anatomical features of arrhythmogenic
right ventricular dysplasia, are reclassified
(table 2).

MODE OF CLINICAL PRESENTATION
There were two main modes of clinical presen-
tation: congestive heart failure and arrhythmia.
In making our analysis of published work, we
assigned arrhythmic presentation to those
patients presenting as palpitation, syncope,

ventricular tachycardias, or sudden death.
Congestive heart failure was by far the most
common occurrence in the cases specified as

exhibiting Uhl's anomaly, particularly when
we excluded those named in this fashion but
having the morphology of arrhythmogenic
right ventricular dysplasia. This was largely
associated with a higher proportion of young

patients.

EXERCISE INDUCED DEATHS

Some cardiac arrhythmia is the usual mode of
presentation in cases of arrhythmogenic dys-
plasia. It also features in those cases described
initially as Uhl's anomaly, but which have the
morphology we have associated with arrhyth-
mogenic right ventricular dysplasia. The arr-

hythmia is frequently exercise induced and
may produce palpitations or syncope. Some-
times the first attack may be fatal. A number of
cases of sudden death during athletic activity
have been attributed to right ventricular
myocardial deficiency. " 15 16 23 26 31 3438 In many

cases there may be a retrospective history of
previous episodic symptoms during exertion."
Corrado and his colleagues found myocardial
abnormalities of the right ventricle to be the
most frequent cause of sudden death in young
competitive athletes, accounting for six out of
their 22 cases."8

ASSOCIATED ANOMALIES
The original case of Uhl had no additional
intracardiac lesions. Indeed, Taussig stated
subsequently that the diagnosis should not be
made in the setting of associated lesions."9
There is no reason why the described condition
cannot coexist with other anomalies. Thus
O'Connor and his colleagues described his-
tologically proved areas of total absence of
myocardium in a recent study of cases with
pulmonary atresia and intact septum.' Of the
481 cases reviewed, we have found mention of
associated cardiac malformations in 17. In 10 of
these, the associated lesion was pulmonary
atresia, but not in the form described by
O'Connor et al.' It is always questionable
whether the dilatation and thinning of the wall
of the right ventricle seen more typically in
pulmonary atresia with intact ventricular sep-
tum is due primarily to a primary myocardial
dysplasia or, more probably, is secondary to the
lesions afflicting the pulmonary and tricuspid
valves. In selecting our cases for comparison,
therefore, we excluded cases with pulmonary
atresia, and similarly excluded cases where
aortic atresia was found in association with
discordant ventriculoarterial connections.41
There remained six cases with associated

lesions, an incidence of 1A4%. This is only
fractionally higher than the overall incidence of
congenital cardiac malformation in live births42
and can easily be explained on the basis of
chance association.

MORPHOLOGICAL APPEARANCES
Our review ofthe literature shows that the term
Uhl's anomaly has frequently been used to
describe cases that now would be considered as
examples of arrhythmogenic right ventricular
dysplasia. When we take note of this practice it
is clear that, as exemplified by our cases, there is
a clearcut morphological difference between
the two entities. In the lesion that we term
Uhl's anomaly, represented by the first two
cases in our material and directly comparable
with the index case, there is virtually complete
absence of the myocardium of the parietal wall
of the right ventricle. The septal component,
however, along with the ramifications of the
septomarginal trabeculation and the papillary
muscles of the tricuspid valve, are normally
muscularised. The parietal wall, by contrast, is
composed of the opposing endocardial and
epicardial ventricular surfaces, with no fatty
tissue interposed between these layers. These
changes are truly congenital, being present at
birth and diagnosed now by fetal echocar-
diography." We have also been shown a
necropsied fetal specimen in which the lesion
was directly comparable to the initial descrip-
tion of Uhl (courtesy of Dr Jane Zucollo,
University of Nottingham).
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By contrast with this total absence of the
myocardium in classical Uhl's malformation,
arrhythmogenic right ventricular dysplasia is
characterised by patchy and localised re-
placement of the parietal wall of the right
ventricle by fibrofatty tissue. This adipose
replacement occurs primarily within the ven-
tricular outflow tract, but can also be seen in the
inlet or apical regions, sometimes spreading to
involve the left ventricle. The adipose
replacement in cases such as those shown in our
material is sufficiently obvious to be visible to
the naked eye. These gross morphological
appearances are those described by French
workers as arrhythmogenic right ventricular
dysplasia, and by Italian workers as right
ventricular cardiomyopathy.4344 The question
remaining to be answered, and one to which we
cannot contribute, is how much fatty
replacement is necessary to justify the diag-
nosis of cardiomyopathy, because some degree
of adipose tissue is a ubiquitous constituent of
the right ventricular wall.45

Irrespective of that consideration the
appearances noted in our study permit a clear
distinction to be made between Uhl's anomaly
on the one hand and arrhythmogenic right
ventricular dysplasia or right ventricular car-
diomyopathy on the other. The choice be-
tween the last terms would, at present, seem a
matter of personal preference.

AETIOLOGY AND PATHOGENESIS
Uhl speculated that the primary congenital
defect was failure of development of the muscle
of the primordium of the right ventricle, which
he considered to be derived from the right
sided element of the paired primitive myoen-
docardial tubes in the very early embryo.2 Dalla
Volta considered that the right ventricle was
particularly susceptible to injury during
intrauterine life as it was submitted to greater
pressures and resistances than the left ventri-
cle, but did not mention the nature of the
precipitating factor.46

In our cases, as well as in those published
elsewhere, we have been impressed by one
constant morphological feature. In both Uhl's
anomaly and right ventricular dysplasia the
degree of deficiency ofmuscle is maximal in the
outlet region and minimal in the inlet region.
This has suggested the possibility of a longi-
tudinal rather than a lateral orientation or
developmental defect. The heart can be con-
sidered to be derived from a primitive tube, the
subsequent folding and looping of which
produces the various definitive chambers. The
ventricular loop comprises proximal and distal
limbs that form the major portions of the left
and right ventricles respectively. Thus the
ventricles can be considered as having a serial
origin. Selective maldevelopment of the
myocardial mantle in the distal or arterial end
of the primitive cardiac tube could, to a greater
or lesser extent, produce the spectrum of
abnormalities under discussion.
Although Uhl's anomaly and arrhyth-

mogenic right ventricular dysplasia are distinct
morphological entities, it is possible that they
might share a common pathogenesis. Familial

incidence, especially in arrhythmogenic right
ventricular dysplasia, may be due to a common
exposure to toxic or infectious agents23 but a
genetic anomaly would seem to be a more likely
explanation for the appearance of the condition
through three generations." " It has been con-
sidered that this may be due to an autosomal
recessive condition1925 or, more probably, to
one of autosomal dominance with incomplete
penetrance.23

In Uhl's anomaly it seems that the distal part
of the primitive ventricular myocardial mantle
does not develop. The endocardial and epicar-
dial layers, therefore, remain in contact with
each other, with no residual muscle to initiate
or sustain an arrhythmia. Patchy non-develop-
ment of muscle, together with progressive
degenerative changes in adjacent surviving
muscle, may allow extended survival into
adolescence or adult life and present the clinical
picture of arrythmogenic right ventricular dys-
plasia. It may well be that the process could
extend further backwards into the proximal
limb of the loop, that is, the left ventricle.
There is some evidence that this can occur to a
minor degree. Histological changes in the
myocardium of the left ventricle have been
found in some cases21 47 and clinical evidence of
disturbed left ventricular function has been
found in others." 4348 It is likely that more
extensive ventricular involvement could occur
initially, but this would be incompatible with
continued fetal development and would proba-
bly result in early abortion.

Conclusions
The relation of the two distinct groups des-
cribed in our report has been clouded by the
fact that, before recognition of arrhythmogenic
right ventricular dysplasia during the 1980s,
many cases with this morphology were inac-
curately classified as Uhl's malformation.
Where a critical analysis is made of published
work, and cases with fibrofatty tissue replace-
ment of the.parietal wall of the right ventricle
are distinguished from those with congenital
absence of the parietal ventricular myocar-
dium, it becomes clear that the morphological
entities are distinct. In this respect, it is also of
interest to note that the mere number of cases
now described as showing Uhl's malformation
has fallen with the more widespread recogni-
tion and diagnosis of arrhythmogenic right
ventricular dysplasia or right ventricular car-
diomyopathy. There is also a case for referring
to this primary disorder as right ventricular
myodystrophy, in line with the dystrophies of
skeletal muscle. Having made the distinction
on grounds of gross morphology, our review
then shows that cases of Uhl's malformation
are usually diagnosed in neonatal or infant life
and present with congestive heart failure. By
contrast, those with arrhythmogenic right ven-
tricular dysplasia rarely manifest symptoms
before the age of 20 years, and usually present
with palpitations or else die suddenly. We are
unable to judge whether these last cases are best
described as arrhythmogenic right ventricular
dysplasia or right ventricular cardiomyopathy.
The aetiology of the dysplasia, or cardio-
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myopathy is unequivocally a replacement of
myocardial cells by fibrofatty tissue. The affec-
ted areas of ventricular wall show the fat filling
the space initially occupied by myocardium.
This is by noticeable contrast to the situation in
Uhl's malformation where the afflicted wall
shows no evidence of adipose tissue, the
endocardial and epicardial layers being directly
apposed (fig IC).

It could be argued that the lesions are due to

a similar insult, but in terms ofmorphology and
clinical presentation they are separate and
distinct entities..It therefore makes more sense

to describe them by different names-Uhl's
malformation and arrhythmogenic right ven-

tricular dysplasia (or right ventricular cardio-
myopathy).

We are grateful to Dr Simon Trotter who performed the
necropsy, and Dr Ulrich Sigwart and Professor Sir Magdi
Yacoub for permission to publish details of case 5.
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