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Familial dilated cardiomyopathy in the United
Kingdom

P J Keeling, Y Gang, G Smith, H Seo, S E Bent, V Murday, A L P Caforio,
W J McKenna

Objectives-To determine the frequency
and mode of inheritance of familial
dilated cardiomyopathy in the United
Kingdom.
Background-Two recent prospective
studies have suggested that familial
forms of dilated cardiomyopathy are
common but have been limited by
selective screening methods, inadequate
diagnostic criteria, and low rates of
ascertainment.
Methods-Prospective screening study of
236 relatives from 40 families of patients
with dilated cardiomyopathy. Screening
consisted of clinical examination, 12 lead
electrocardiogram, and two-dimensional
Doppler echocardiography. Relatives
with systemic hypertension and other
cardiac diseases were excluded from
the study. All echocardiograms were
performed by an experienced echocar-
diographer who was blinded to clinical
information. Relatives were classified as
having dilated cardiomyopathy, left
ventricular enlargement (method of
Henry), depressed fractional shortening,
or as being normal. Relatives with abnor-
mal investigations underwent further
evaluation as appropriate.
Results-Twenty five cases of dilated
cardiomyopathy were identified and
came from 10 (25%) of the 40 families
screened. Pedigree analysis was most
consistent with autosomal dominant
inheritance and variable penetrance
(65-95%). Of the remaining apparently
healthy relatives, 37 (18%) were found to
have left ventricular enlargement and
nine (4%) depressed fractional shorten-
ing; these values were significantly higher
than those observed in 239 healthy
controls (24 (10%), P = 0'02 and one
(0.4%), P = 0-01, respectively).
Conclusions-Patients with dilated car-
diomyopathy commonly have an affected
family member and a high proportion of
apparently healthy relatives with minor
echocardiographic abnormalities. Segre-
gation analysis suggests that familial
dilated cardiomyopathy is the result of
the transmission of a rare autosomal
dominant gene. Further studies are
currently underway to characterise the
molecular basis of familial dilated
cardiomyopathy and identify early
disease within these families.
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Over the years there have been several anec-
dotal reports of dilated cardiomyopathy in at
least two members of the same family. 1-6
These reports have not been able to assess the
frequency of familial dilated cardiomyopathy
because of their retrospective nature. Recently
two large prospective studies from Italy and
the Mayo Clinic78 have shown that familial
dilated cardiomyopathy is more common than
previously suspected, occurring in 7-20% of
patients with dilated cardiomyopathy. In
both these studies,7 8 as in most other
reports,236 pedigree analysis was most consis-
tent with autosomal dominant inheritance.
Other workers have, however, described
families with autosomal recessive' 4 and X
linked inheritance.5

Although these prospective studies78 have
highlighted the importance of genetic factors
in dilated cardiomyopathy, they have been
limited by selective screening methodology,7
inadequate diagnostic criteria, and incomplete
ascertainment with many other relatives sus-
pected of, but not confirmed as, having the
condition. The aim of the present study was
to assess the frequency and mode of inheri-
tance of familial dilated cardiomyopathy in
the United Kingdom by prospectively screen-
ing 236 relatives from 40 families of patients
with dilated cardiomyopathy.

Methods
PATIENTS
The clinical diagnosis of dilated cardiomyo-
pathy was made according to recommended
criteria9 10 and all patients underwent cardiac
catheterisation and right ventricular endo-
myocardial biopsy. Patients with features of
myocarditis1' on endomyocardial histology
were excluded from the study. Between
November 1990 and March 1993 92 new
cases of dilated cardiomyopathy were identi-
fied at our institution. All patients had a three
to four generation pedigree constructed. Of
these, a number were unable to provide the
necessary details concerning the pedigree or
contact data (n = nine), had too small a living
pedigree (n = 13), or doubtful parentage
within the nuclear family (n = eight).
Screening was offered to the remaining 62
families irrespective of family history or the
presence of suspected familial disease. Of
these, 22 were unable or unwilling to undergo
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Table 1 Clinical characteristics ofpatients with dilated cardiomyopathy participating in
family screening compared with those ofa cohort ofpatients not involved in screening

Family screening Nofamily screening p Value

No 40 118
Mean (SD) (range) age (years) 40 (13) (12-63) 42 (13) (17-74) NS
Sex (male) (%) 28 (70) 89 (75) NS
New York Heart Association

functional class I/II 38 III 2 I/II 65 III/IV 53 0-0001
Mean (SD) (range) duration (months) 33 (38) (0-156) 34 (48) (0-204) NS
No of patients with

mild hypertension (%) 5 (13) 17 (14) NS
excess alcohol consumption (%) 6 (15) 27 (23) NS

Echocardiographic data
Mean (SD) LVEDD (mm) 67 (11) 70 (11) NS
Mean (SD) LVEDD% 139 (25) 145 (27) NS
Mean (SD) LVESD (mm) 58 (12) 60 (13) NS
Mean (SD) FS (%) 14 (6) 14 (8) NS

Left ventricular ejection fraction (%) 28 (9) 26 (11) NS
Exercise capacity
Mean (SD) maximal Vo2
(ml/kg/min) 24-4 (10-6) 19-1 (8-7) 0-03
Mean (SD) % predicted maximal
Vo2 68 (24) 51 (23) 0-005

LVEDD, left ventricular end diastolic dimension; LVEDD%, percentage predicted left
ventricular end diastolic dimension; LVESD, left ventricular end systolic dimension;
FS = fractional shortening; Vo2, maximal oxygen consumption; NS, not significant.

screening at our institution and thus 40
families participated in prospective screening.
Table 1 shows, the clinical features, echo-
cardiographic measurements, left ventricular
ejection fraction, and exercise capacity of
these 40 patients. Patients with a history
of mild premorbid systemic hypertension
(n = five) or excess alcohol consumption
(n = six) were included in the study but no
patient developed dilated cardiomyopathy
during the peripartum period.

RELATIVES STUDIEIY
Prospective screening of these 40 families
resulted in 236 relatives (mean (SD) (range)
age 34 (17) (4-87) years; 118 male) being
assessed. Some 219 relatives were examined
directly in the prospective study and the status
of the remainder determined from examina-
tion of the relevant medical records or
autopsy reports. One hundred and thirty three
(56%) were first degree relatives, 61 second
degree, 36 third degree, and six fourth degree.
Two generations were studied in 19 families,
three generations in 19, and four generations
in two. Most relatives (200, 91%) were
symptomfree but 19 had at least one cardiac
symptom (14 had mild exertional dyspnoea,
13 palpitation, four chest pain, and one
syncope).

SCREENING METHODOLOGY
Screening consisted of a clinical examination
with blood pressure measurement, 12 lead
electrocardiogram, and two-dimensional
Doppler echocardiography. Relatives with a
history of mild systemic arterial hypertension

0 Dilated n-25 were included but those with clinically
cardiomyopathy important or documented systemic arterial

* Possible DCM n - 2 hypertension during the physical examination
* Left ventricular n 37 were excluded from the study. Systemic

enlargement hypertension was defined as a blood pressure
* Depressed n -9 measurement equal to or greater than 160/90

fractionalshortening mm Hg on at least two distinct occasions.
* Other n.3 Relatives with a history of chronic excess
O Normal n -160 alcohol consumption (males more than eight

units per day, females more than six units per
Figure 1 Outcome of day) were included in the study. Relatives
screening 236 relatives of were questioned about the amount of exercisepatients with dilated w q a
cardiomyopathy. performed and individuals who regularly

performed in excess of 20 min moderate/
strenuous exercise on two or more occasions
per week were recorded as being "athletic".

Echocardiograms were performed by a
single experienced echocardiographer un-
aware of the family history and clinical data
with high quality equipment (Hewlett
Packard 77020A). Echocardiographic mea-
surements of chamber and wall thickness were
obtained at the level of the papillary muscle
from two dimensional M mode guided
recordings in the short axis view. A second
independent echocardiographer provided
additional echocardiographic measurements
from these recordings and ensured quality
control. A third independent assessment of
the recording was made in cases in which
there was disagreement concerning the
diagnosis or if the study was of insufficient
quality when it was repeated. Normal values
for left ventricular end diastolic cavity dimen-
sions were calculated using a standard for-
mula and corrected for age and body surface
area.'2 The following regression equation was
used to calculate the predicted left ventricular
end diastolic cavity dimension

Predicted left ventricular end diastolic dia-
meter = 45.3 (BSA)1/3 - 0 03 (age) - 7-2

in which BSA is body surface area. Left
ventricular enlargement was defined as a left
ventricular end diastolic diameter greater than
112% predicted value and depressed frac-
tional shortening as less than 25%. These cut-
off levels were confirmed in a separate study
of 239 normal individuals using identical
methodology. Relatives were classified
according to these definitions as having (a) an
echocardiogram compatible with dilated
cardiomyopathy, (b) left ventricular enlarge-
ment, (c) depressed fractional shortening, or
(d) of being normal. Relatives with suspected
dilated cardiomyopathy underwent invasive
evaluation with selective coronary arterio-
graphy if they were older than 40 years of age,
had a history of chest pain, or there was
electrocardiographic evidence of cardiac
ischaemia on treadmill exercise testing.
Relatives with mild echocardiographic abnor-
malities were assessed by maximal exercise
testing and those with positive tests under-
went cardiac catheterisation. Familial disease
was considered to be present when at least
one relative was affected by dilated cardio-
myopathy. Screening was extended to involve
all living relatives when an affected relative
was identified, or to involve the next genera-
tion when a minor echocardiographic abnor-
mality was detected. The medical records and
post mortem findings of deceased relatives
with suspected familial disease were reviewed
to confirm or refute the diagnosis.

STATISTICAL ANALYSIS
Values are expressed as mean (SD). The
student's t test was used to compare quantita-
tive data and the x2 test or Fisher's exact test
(with Yates's correction) was used to compare
the relative frequency of characteristics in
patients or relatives, or both, with and without
disease. P < 0 05 was considered significant.
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Table 2 Characteristics of index patients with familial and non-familial dilated
cardiomyopathy

Familial dilated Non-familial
cardiomyopathy dilated cardiomyopathy p Value

Mean (SD) age (years) 41 (12) 40 (15) NS
Mean (SD) sex (male) 6 22
New York Heart Association

functional class
I 7 23 NS
II 1 7 NS
III 2 NS

Mean (SD) duration (months) 57 (53) 27 (31) 0-08
No of patients with

mild hypertension (%) 0 (0) 5 (17) NS
excess alcohol consumption (%) 2 (20) 4 (13) NS

Echocardiographic data
Mean (SD) LVEDD (mm) 64 (11) 68 (11) NS
Mean (SD) LVEDD% 128 (13) 142 (27) NS
Mean (SD) LVESD (mm) 53 (11) 59 (13) NS
Mean (SD) FS (%) 17 (6) 13 (6) NS

Left ventricular ejection fraction (%) 30 (10) 27 (9) NS
Echocardiographic data
No of patients with interventricular 3 (30) 11 (37) NS
conduction block (%)
No of patients with left bundle 2 (20) 13 (43) NS
branch block (%)
No of patients with third degree 0 (0) 1 (3) NS
atrioventicular block (%)

Exercise capacity
Mean (SD) maximal Vo2
(ml/kg/min) 28-1 (6) 23-1 (12) NS
Mean (SD) % predicted maximal
Vo2 83 (18) 64 (24) 0 04

See table 1 for key to abbreviations.

Family A Family B

Family C

Family E

Family H

Family J
,$T

4 1 S18z&la n n
Family G

Family I

Results
PATIENTS PARTICIPATING IN FAMILY
SCREENING
Table 1 shows the characteristics of the 40
patients who participated in the prospective
family screening. Comparative data of a
cohort of 118 patients with dilated cardio-
myopathy identified at this institution who
were not subject to such screening are also
given. Patients participating in prospective
family screening were similar with respect to
age, duration of symptoms, proportion of
patients with mild systemic hypertension or
excess alcohol consumption, echocardio-
graphic measurements, and left ventricular
ejection fraction, but were less limited accord-
ing to New York Heart Association functional
class and had a higher maximal oxygen
consumption compared with the finding
of patients not involved in screening (see
table 1).

OUTCOME OF FAMILY SCREENING
Figure 1 shows the outcome of screening 236
relatives of patients with dilated cardiomyo-
pathy. Twenty five relatives (1 1%) with
dilated cardiomyopathy were identified and
the diagnosis was suspected in a further two
but could not be confirmed as they refused to
undergo cardiac catheterisation. Of the
remaining relatives, 37 had left ventricular
enlargement, nine depressed fractional short-
ening, and 160 normal screening investiga-
tions. Two additional relatives gave a history
of exertional chest pain, had electrocardio-
graphic evidence of exercise induced cardiac
ischaemia, and documented obstructive
coronary artery disease and one relative had
echocardiographic evidence of hypertrophic
cardiomyopathy.

RELATIVES WITH FAMILIAL DILATED
CARDIOMYOPATHY
Dilated cardiomyopathy was documented in
25 relatives (11%) (mean (SD) age (range) 35
(15) (4-65) years; 12 male, 22 first degree
relatives). Affected relatives came from 10
families and represented 25% of those
screened. Of the affected relatives, 12 had
suffered a disease related death, five had
undergone orthotopic heart transplantation
for end stage dilated cardiomyopathy, but
eight were undiagnosed and only identified
through prospective screening. Relatives
diagnosed by screening were mostly asymp-
tomatic but three gave a history of mild
palpitations for which they had not sought
medical attention. Index patients with an
affected relative were similar to those with
sporadic dilated cardiomyopathy with regard
to clinical features, echocardiographic mea-
surements, electrocardiographic data, and left
ventricular ejection fraction (table 2). Index

* Affected SD Sudden death
* Left ventricular enlargement / Dead
* Depressed fractional shortening 4 Index patient
O Unaffected

Figure 2 Pedigrees of the 1Ofamilies with documentedfamilial dilated cardiomyopathy.

patients with familial dilated cardiomyopathy,
however, had been symptomatic for a longer
period of time, had greater exercise capacity,
and a trend towards less severe left ventricular
dilatation or dysfunction than those with non-
familial disease (table 2).

Figure 2 shows the pedigrees of the 10
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families with documented familial dilated
cardiomyopathy. These families had between
two and six affected members and involved
multiple generations in all but one pedigree
(family J). In all pedigrees there was strong
evidence in support of autosomal dominant
inheritance. Assessment of disease penetrance
revealed that penetrance was variable and
incomplete (65-95%) (for example see family
E). Analysis of offspring risk in all 40 pedi-
grees indicated that the likelihood of an
affected individual transmitting dilated
cardiomyopathy to a child was approximately
20% (excluding index cases, relatives not
screened and relatives less than 16 years of
age).

RELATIVES WITH MILD ECHOCARDIOGRAPHIC
ABNORMALITS
Of the 208 apparently healthy relatives
screened (excluding relatives with proven or
suspected dilated cardiomyopathy, or hyper-
trophic cardiomyopathy), 37 (18%) had left
ventricular end diastolic dimensions above
normal after correction for age and body size,
and nine (4%) had depressed left ventricular
fractional shortening. The frequency of
left ventricular enlargement and depressed
fractional shortening was significantly higher
in the relatives of patients with dilated car-
diomyopathy (24 (10%), P = 0 02) com-
pared with that of a control population which
comprised 239 healthy participants (one
(0 4%), P = 0-01) assessed using the same
methodology and diagnostic criteria.

Discussion
In this study we prospectively screened 236
relatives from 40 families of patients with
dilated cardiomyopathy applying strict diag-
nostic criteria9 10 and achieving high levels of
ascertainment. We have confirmed the recent
report from the Mayo Clinic* that dilated car-
diomyopathy is commonly familial and most
consistent with autosomal dominant inheri-
tance with incomplete penetrance. In addi-
tion, we have shown that a high proportion of
apparently healthy relatives have left ventricu-
lar enlargement (18%) or depressed fractional
shortening (4%). The relevance of this finding
in relation to the presence of early dilated
cardiomyopathy remains to be established.

In the present study screening was offered
to families able to provide the necessary family
information who were willing or able to
undergo screening at our centre; however,
families with small living pedigrees, missing
important family members, or uncertain
parentage were not offered screening. We
recognise the potential for selection bias intro-
duced by such an approach but these practical
difficulties affect all family screening studies,
particularly in cases involving rare conditions
such as dilated cardiomyopathy, performed
from a single centre. Despite this limitation it is
important to emphasise that we like Michels
et a1 but unlike others7 offered screening to
families irrespective of the presence or
absence of suspected familial disease. This is

important given the observation that affected
relatives are often asymptomatic and can be
identified only through prospective screening;
this is likely to explain the lower estimate of
familial prevalence (7%) from Italy.7 In the
present study index patients who participated
in screening were similar to those who did not
and supports our belief that the families
screened in the present study are mainly rep-
resentative of families of patients with dilated
cardiomyopathy. It is important, however, as
with all prospective studies, to recognise the
potential for referral bias. In our centre, as in
all tertiary centres, patients with suspected
familial dilated cardiomyopathy are more
likely to be referred for assessment than
patients considered at low risk of familial
disease leading to an over-estimation of
familial prevalence.

Dilated cardiomyopathy is multicausal and
it is often not possible to accurately define the
aetiology. Identification of individuals with
familial dilated cardiomyopathy, which is
probably genetic in aetiology, enabled us to
determine whether "genetic" disease differed
from that more likely to have an environment
aetiology. Although patients with and without
affected relatives were similar in most
respects, those with familial disease had a
longer symptomatic illness, better exercise
capacity, and less marked left ventricular
dilatation or dysfunction. Whether these
observations reflect genuine differences in the
clinical presentation and natural history
between genetic and non-genetic dilated car-
diomyopathy remains to be confirmed.
The identification of familial dilated car-

diomyopathy has several important implica-
tions for the affected individual, their families,
and the medical profession. Newly identified
individuals with dilated cardiomyopathy
benefit from the early introduction of
angiotensin converting enzyme inhibitor treat-
ment even when asymptomatic"3 and should
be closely monitored to identify and treat any
complications which may arise. Furthermore,
the identification of an affected relative within
a family dramatically increases the likelihood
of additional relatives being affected and
makes screening the extended pedigree advis-
able and genetic counselling mandatory.
Clearly, this is of great importance if screen-
ing programmes for familial dilated cardio-
myopathy become more widely available. We
believe that the findings in the present study
should promote discussion on screening for
familial dilated cardiomyopathy and provide
practical guidelines by which this may be
achieved and more effective genetic
counselling for patients and their families.

Clearly, there are several practical difficul-
ties in screening for familial dilated cardio-
myopathy. First, our ability to distinguish
between genetic and non-genetic disease
(phenocopies) is limited and even within a
family context different inheritance patterns
have been observed (genetic heterogeneity).
Second, dilated cardiomyopathy exhibits
marked clinical and morphological hetero-
geneity and although most patients present
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with end stage heart failure some individuals
(or families) are characterised by marked con-

duction disturbance"4 15 or mild ventricular
dilatation.'6 At present it is unclear whether
these clinical entities are part of a wide
spectrum of a single disease or represent
several distinct but related conditions. Finally,
screening children is particularly problematic
because of the greater margins of error in
small hearts which have not completed their
growth'7 and because of the potential for
disease manifestation in later life.'8

Perhaps the greatest dilemma in screening
for familial dilated cardiomyopathy, however,
involves the identification of early disease.
Current diagnostic criteria for dilated cardio-
myopathy9 10 identifies patients with end stage
disease but not those with early disease in
which there may be less marked ventricular
dilatation or dysfunction. It is thus interesting
to speculate that the high prevalence of mild
left ventricular enlargement in relatives of
patients with dilated cardiomyopathy noted in
this and other studies8 19 may represent early
dilated cardiomyopathy. If this hypothesis is
true and a significant proportion of these rela-
tives do develop progressive left ventricular
dilatation and clinical dilated cardiomyopathy
it will be necessary to reassess our current
estimates for familial prevalence and offspring
risk. This possibility can be addressed only by
the prospective follow up of relatives with
minor echocardiographic abnormalities or the
development of molecular diagnostic tech-
niques.

In this study we have shown that patients
with dilated cardiomyopathy commonly have
a close family member similarly affected.
Analysis of these families suggests that familial
dilated cardiomyopathy is likely to be caused
by the transmission of a rare autosomal
dominant gene within the family. Although
the molecular basis of familial dilated cardio-
myopathy is currently unknown, linkage
analysis promises to identify the gene(s)
responsible and thereby improve our ability to

identify not only affected individuals but also
those with preclinical disease.
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