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Abstract

Objective—A recent prospective study
in patients with dilated cardiomyopathy
has reported that the disease is familial
in at least 20% of cases, but the pattern of
inheritance could not be ascertained. The
presence of an autosomal dominant
pattern, such as seen in hypertrophic
cardiomyopathy, could make it possible
to search for single gene defects with
linkage analysis, whereas polygenic
inheritance would be consistent with the
autoimmune hypothesis. To assess the
pattern of inheritance, we retrospectively
identified patients with familial disease
and assessed their first degree relatives
(parents, siblings and children) for
dilated cardiomyopathy.

Design and patients—The family
history of 105 consecutive patients with
dilated cardiomyopathy was reviewed
and 14 who had at least one first degree
relative with documented disease were
identified as probands. Their healthy
relatives (109) were studied by physical
examination, electrocardiography, M
mode and cross sectional echocardio-
graphy, and were classified as unequivo-
cally normal or as potential carriers. The
potential carriers had abnormal electro-
cardiography with either at least one
echocardiographic measurement of left
ventricular cavity dimension or percent-
age fractional shortening outside 2 SDs
of normal values (based on age and body
surface area). The potential carriers
underwent 24 hour Holter monitoring
and maximal treadmill exercise.

Results and conclusion—Twenty three
relatives (21%) were classified as
potential carriers: 12 had an increased
left ventricular end diastolic dimension,
with reduced percentage fractional
shortening in three; 11 had an abnormal
electrocardiogram and increased end
diastolic dimension, with reduced per-
centage fractional shortening in five.
Such abnormalities were very mild and
follow up is necessary to find whether
such changes represent early disease.
Pedigree analysis was most consistent
with polygenic inheritance.

(Br Heart ¥ 1993;69:129-135)

The occurrence of familial dilated cardiomyo-
pathy has been previously underestimated. In
a retrospective study 6% of the patients had
familial disease.! In another study familial
aggregation was found on the basis of history
in 8:7% of patients who presented at a young
age for cardiac transplantation.? Mestroni et al
in a study of 165 consecutive patients, in
which relatives were evaluated only if disease
was suspected, reported that 7% of cases with
dilated cardiomyopathy were familial.> In a
recent prospective study of patients whose
first degree relatives (parents, siblings,
children) were investigated regardless of
whether they were suspected of having heart
disease the frequency of familial dilated
cardiomyopathy was 20%.*

Pedigree analysis has produced families
with patterns of inheritance consistent with
both autosomal dominant,'!* and others with
recessive.’ '* Also a large family with X linked
inheritance has been described.”” In the
prospective study by Michels er al, which is
the largest published, segregation analysis of
the families was compatible with a model for
a single dominant locus with incomplete
penetrance, or with polygenic inheritance.*

Autoimmune diseases are often familial,
although sporadic cases predominate. Such
diseases result from the interaction of envi-
ronmental factors and genetic predisposition
and are polygenic in inheritance.'® Auto-
immunity is involved in 25%-35% of non-
familial cases with dilated cardiomyopathy,!” '®
but its potential role in familial disease has
not been evaluated; the presence of polygenic
inheritance would be consistent with the
autoimmune hypothesis. To assess potential
patterns of inheritance of familial dilated
cardiomyopathy we retrospectively identified,
on the basis of history, index cases of familial
dilated cardiomyopathy and performed
clinical evaluation of their relatives.

Patients and methods
PATIENTS

Between 1 January 1985 and 31 December
1990, 105 patients with dilated cardiomyo-
pathy were evaluated at our institution. The
diagnosis of dilated cardiomyopathy was
based on the World Health Organisation
criteria with a dilated and poorly contracting
left or right ventricle or both in the absence of
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a known cause.'® Patients were excluded if
there was evidence of: (a) coronary heart
disease at selective coronary arteriography;
(b) ischaemia during exercise testing; (¢) sys-
temic blood pressure > 150/90 mm Hg; (d)
concomitant systemic or endocrine diseases
that are known to cause left ventricular
impairment; or (e¢) excessive alcohol con-
sumption defined as a daily intake of at least
eight ounces of spirits or two quarts of beer
for the preceding 10 years.” The medical
records of all 105 patients with dilated
cardiomyopathy were reviewed, also they
were questioned to assess whether cases with
presumed or confirmed heart disease were
present in their families. Further information
was obtained from attending physicians or
from the hospitals in which the patients’ rela-
tives had been admitted. Patients with dilated
cardiomyopathy who had at least one first
degree relative with documented disease or
positive necropsy result, were identified as
familial cases (probands). In all probands the
assessment included standard 12 lead electro-
cardiogram, M mode, cross sectional and
Doppler echocardiography, 24 hour Holter
monitoring, maximal treadmill exercise, right

and left heart catheterisation, selective
coronary arteriography, right and left
ventriculography, and right ventricular

endomyocardial biopsy.

RELATIVES

The study was approved by the local ethics
committee and participants gave informed
written consent. All probands were asked
whether they could invite their first degree
relatives to enter the study. A three to four
generation pedigree was created. If any first
degree relative was found to have dilated
cardiomyopathy, their first degree relatives
were also contacted and included in the
study. For deceased relatives, medical records
were reviewed and the diagnosis of dilated
cardiomyopathy was based on the same
criteria used for the probands, as well as on
the necropsy findings.

Patients’ relatives with suspected myo-
cardial disease underwent clinical, non-
invasive, and where appropriate invasive
evaluation. All participating relatives were
screened with physical examination, standard
12 lead electrocardiogram, M mode, cross
sectional and Doppler echocardiography, and
were classified either as unequivocally normal
or as potential carriers. The second had
abnormal echocardiograms with or without
abnormal electrocardiograms. All carriers
underwent 24 hour Holter monitoring during
normal daily activities, maximal treadmill
exercise, and where appropriate cardiac
catheterisation = and  right  ventricular
endomyocardial biopsy.

ELECTROCARDIOGRAPHIC CRITERIA FOR
CARRIERS

A standard 12 lead electrocardiogram in the
relatives was considered to be abnormal if
one or more of the following features was pre-

sent: left or right atrial enlargement;?' rhythm
disturbances, particularly atrial fibrillation;
conduction disease, including prolongation of
the PR interval (>0-20) or the QT interval
corrected for heart rate (QTc = QT/RR
interval); left axis deviation (mean frontal
axis —30° to —150°) and bundle branch
block'®; and voltage criteria of left ventricular
hypertrophy.?

ECHOCARDIOGRAPHIC CRITERIA FOR

CARRIERS

Echocardiography was performed with a
Hewlett Packard 77020A machine. Measure-
ments of chamber and wall thickness were
obtained at mitral valve level on cross
sectional guided M mode echocardiograms.
Left ventricular end diastolic and end systolic
internal dimensions were measured and con-
sidered abnormal when they were 2 SDs of
established normal values (based on age and
body surface area).?? These were confirmed in
our laboratory in a separate study of 33
normal, healthy subjects (20 male, 13 female,
mean (SD) age 26 (15)). Abnormalities of
end diastolic dimension were expressed as
percentage increase above 2SD for the
patient’s age, height, and weight, as pre-
viously described.?® Left ventricular fractional
shortening was also calculated; hypokinesis
was defined as fractional shortening < 26%
(the normal range in our laboratory is 26% to
45%). A cross sectional echocardiogram in
the participating relatives was considered to
be abnormal if the left ventricular end -dia-
stolic or end systolic dimension or fractional
shortening were abnormal.

AMBULATORY 24 HOUR HOLTER MONITORING
This was performed with a two channel tape
recorder (Avionics model 445). A modified
inferior lead and a precordial lead corre-
sponding to V4 were monitored. The tapes
were analysed on a 660 A Avionics system;
ST segment modifications and presence of
arrhythmias were verified on electrocardio-
graphic paper strips (25 mm/s). Ventricular
arrhythmias were classified according to the
Lown criteria.?

EXERCISE TEST

Maximal treadmill exercise was performed
with a modified Naughton protocol,?* accord-
ing to the American Heart Association
recommendations.?® Electrocardiographic
tracings, heart rate, and systolic blood
pressure were measured during exercise and
recovery.

CARDIAC CATHETERISATION

All probands and 10 affected relatives under-
went right and left ventriculography and
coronary angiography (Judkin’s technique).
Left ventricular ejection fraction was compu-
ted from a 30° right anterior oblique projec-
tion by the area length method. Right
ventricular endomyocardial biopsy was also
performed with a 502-300 F7 Cordis biotome
and an USCI 8591 F8 Mullins introducer.
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Table 1 Clinical and diagnostic features of probands and surviving relatives with dilated cardiomyopathy

Pedigree LVEDD Lown
Patient location Sex/age NYHA (mm) %LVE %FS ECG grade %EF
1 M, {JI1,) M/48 I 93 94 11 LBBB IVA 20
2 M (IIL) M/34 I 83 66 14 LBBB 11 20
3 R,(1I,) M/43 v 87 67 15 LBBB 1A 12
4 L,(II,) M/39 v 82 67 15 LVH IVB 23
5 C,{11,) M/51 111 67 34 14 LAD, AVB, AF IVA 19
6 MT,(IL,) M/16 I 69 60 15 LVH 0 20
7 B(I11,) M/61 v 57 36 12 LAFB, AF IVA 20
8 B,(I1I,) M/57 v 71 45 9 LVH 0 25
9 TR,(L,) F/50 v 52 11 25 LBBB IVA 20
10 MA(IL) M/24 II 60 18 13 LAFB IVB 20
11 Ay(ITy) M/54 11 70 30 18 RBBB IVB 37
12 A,(IL) M/60 II 74 32 16 RBBB, AVB IVA 40
13 Na,,(I) F/59 I 64 36 22 LBBB IVB 20
14 N,,(II) M/62 111 72 44 14 LVH, AVB IVA 20
15 N,, L) M/64 II 68 36 18 LBBB, AVB IVA 30
16 e F/48 v 60 20 12 LBBB IVA 30
17 V(I F/59 I 65 38 12 LBBB, AF IVA 20
18** Bol,,(II,) F/64 v 90 91 8 LBBB III 20

AVB, atrioventricular block; AF, atrial fibrillation; ECG, electrocardiogram; %EF, angiographic percentage ejection fraction;
F, female; %FS, percentage fractional shortening; LAD, left axis deviation; LAFB, left anterior fascicular block; LBBB, left
bundle branch block; %LVE, percentage left ventricular enlargement; LVEED, left ventricular end diastolic diameter;

LVH, left ventricular hypertrophy; M, male; NYHA, New York Heart Association functional class; ND, not done; RBBB, right
bundle branch block; 18**, two other relatives with dilated cardiomyopathy not seen by us (not shown) are Bol,;(II,) and (III.).

Results

PROBANDS AND RELATIVES WITH DILATED
CARDIOMYOPATHY

Fourteen of the 105 patients with dilated
cardiomyopathy (13%) had at least one first
degree relative with documented dilated
cardiomyopathy and were identified as
probands. There were 23 relatives of the 14
probands who had dilated cardiomyopathy,
of whom 19 were dead (13 males, six females,
age 43 (23), median 50) and four were alive.
All 19 dead relatives had documented
disease; in 12 the diagnosis was confirmed at
necropsy, whereas in the remaining seven
necropsy was not performed.

Table 1 shows the baseline clinical and
diagnostic features in the 14 probands and in
the additional four living relatives with dilated
cardiomyopathy (12 male, six female, age 50
(14)). We did not see two additional relatives
with the diagnosis of dilated cardiomyopathy
(data included in the pedigree are not
shown). At the time of examination four
patients (22%) were in New York Heart
Association (NYHA) functional class I, four
(22%) in class II, three in class III (17%),
and seven in class IV (39%). They had severe
left ventricular dilatation (mean percentage
increase of the end diastolic dimension 46%

Table 2 Clinical and echocardiographic features of
relatives with only an abnormal echocardiogram

Pedigree LVEDD

Case location Sex/lage NYHA (mm) %LVE %FS

1 LJdlL) M37 1II 55 8 22

2 Ccm) M8 1 60 15 28

3 CI,) M/15 I 54 12 37

4 MT,(,) F/38 111 55 11 25

5 BV, M24 1 57 12 33

6 B(IV,) M22 1 58 12 34

7 BIVy) M/I15 1 55 12 25

8 B.(IV,) Fl16 1 51 6 36

9 TR,(II,) M/13 I 55 6 27
10 A,(Ill,) M14 1 60 15 30
11 V(L) M/36 1 60 20 33
12 Bol,(IV,)M/16 I 60 17 33
Mean (SD) 23 (9) 57(3) 12(4) 30(5)

See table 1 for abbreviations.

(23%) from normal), greatly reduced mean
fractional shortening (14% (4%)), and angio-
graphic ejection fraction (23% (7%)). The
standard electrocardiogram was abnormal in
all and 15/18 (82%) had ventricular arrhyth-
mia (Lown class III or IV) on Holter moni-
toring. During the follow up six of the 18
patients died: four suddenly (cases 8, 10, 16,
18), one of heart failure (case 17) and one of
acute rejection after orthotopic cardiac trans-
plantantion (case 13) (table 1). Four patients
underwent successful cardiac transplantation
and are alive (cases 3, 4, 5, 6), one (case 2)
has progressed to functional class IV and is
on a transplant waiting list.

APPARENTLY HEALTHY RELATIVES

Of the 124 apparently healthy relatives, 15
had systemic hypertension; they were
assessed but were excluded from pedigree
analysis. Of the remaining 109 relatives, 103
were symptom free, whereas six experienced
effort dyspnoea. Twenty three of the 109
relatives (21%) were classified as potential
carriers on the basis of an abnormal echocar-
diogram with or without abnormal electro-
cardiogram and were subdivided into two
groups: subjects with abnormal echocardio-
gram only (n = 12) and subjects with both
abnormal electrocardiogram and echocardio-
gram (n = 11). Tables 2 and 3 show the indi-
vidual clinical and diagnostic features in the
two groups.

Of the 12 relatives who had only abnormal
echocardiograms (10 males, two females, age
23 (9)) 10 patients (83%) were in NYHA
functional class I, one (8%) in class II, and
one in class III (8%). Overall they had a mild
percentage increase of the left ventricular end
diastolic dimension (12% (4%) from normal)
but the mean value for percentage fractional
shortening was within the normal range (30%
(5%); however, three of these 12 relatives also
had reduced percentage fractional shortening
(<26%).

Of the 11 subjects with both an abnormal
electrocardiogram and  echocardiogram
(seven males, four females, age 38(15) seven
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Table 3 Clinical and diagnostic features of relatives with both an abnormal electrocardiogram and echocardiogram

Pedigree LVEDD Lown
Patient location Sex/age NYHA (mm) %LVE %FS ECG grade %EF
1 M,1V)) M/9 1 49 7 29 RBBB ND ND
2 R,(IL)t F/61 111 52 6 24 LAD, LAFB,LVH 1A 62
3 R,(I1I) M/28 I 53 6 32 LVH 0 ND
4 L,(I11,) M/33 II 54 8 22 * 1A ND
5 MT,(1) M/41 1 55 8 33 t 0 ND
6 B.(11,) M/52 v 70 40 13 LAEt il 60
7 B,(I11,) M/58 I1 77 64 23 LBBB 0 ND
8 Na, (IL,) F/28 I 48 2 39 * IVA 60
9 Na,,(I1,) F/35 I 51 6 34 + IVA 60
10 S,.(IL) F/31 I 52 8 22 LAE 0 ND
11 Bol,,(IL;) M/39 I 55 8 37 AVB 1] ND
Mean (SD) 38 (15) 56 (9) 15 (19) 27 (8) 60 (1)

*Low amplitude QRS in precordial leads; tnon-specific epolarisation abnormalities; LAE, left atrial enlargement. $Coronary

angiogram normal. For other abbreviations see table 1.

patients (60%) were in NYHA functional
class I, two (10%) in class II, one in class III
(10%), and one in class IV (10%). They had
increased left ventricular end diastolic dimen-
sion two to 64%, median 8% from normal)
with normal or borderline mean percentage
fractional shortening (27% (8%); 5/10 (50%)
had left ventricular hypokinesis, and 3/10
(30%) had ventricular arrhythmia on Holter
monitoring (LLown class III or IV).

The proportion of relatives who had left
ventricular end diastolic cavity dimension
above normal for their age and body size
(23/109, 21%) was significantly higher than
that seen among the similarly aged healthy

subjects without familial occurrence of dila-
ted cardiomyopathy (1/33, 3%, p < 0-01).
The mean percentage fractional shortening
was significantly lower in the 23 relatives with
enlarged ventricles than in the remaining 86
relatives with normal sized ventricles (29%
(6%) v 35% (4%) p < 0-05). The 23 relatives
with enlarged ventricles differed from the
other 86 relatives only with respectto sex; 19
of them (73%) were male compared with 34
(39%) among relatives classified as normals
(p < 0-002).

PEDIGREE ANALYSIS
The figures show the pedigrees of all 14 fami-

O Male, alive

[5 Not examined [':l Normal, examined ‘ Dilated

¥ Excluded for systemic
hypertension

Potential DCM carrier
(abnormal Echocardiography
with or without abnormal ECG)

O Female, alive [4 Dead
(clinical, ECG, cardiomyopathy
Echocardiography) (DCM)

/ Proband

* Probabie DCM
death (clinical only,
no autopsy)

Figure 1  Pedigree of the seven families that show autosomal dominant transmission with incomplete penetrance.
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O Male, alive O Female, alive [A Dead / Proband

&l Not examined [5 Normal, examined ‘ Dilated i Probable DCM
(clinical, ECG, cardiomyopathy death (clinical only,
Echocardiography) (DCM) no autopsy)

* Excluded for systemic
hypertension

Potential DCM carrier
(abnormal Echocardiography
with or without abnormal ECG)

Figure 2 Pedigree of the seven families that show autosomal recessive transmission.

lies. Twenty three of the 109 apparently
healthy relatives (21%) were classified as
potential carriers. When these were included
as affected subjects in the analysis of the
pedigrees, the pattern of inheritance was
compatible with autosomal dominant with
incomplete penetrance in all of the families
but one (MAS, pedigree shown in fig 2), in
which an autosomal recessive mode was sug-
gested.

If the 23 carriers were classified as indeter-
minate or unaffected, a pattern of inheritance
consistent with autosomal dominant trans-
mission with incomplete penetrance was
present in seven families (fig 1). In the
remaining seven families (fig 2) the pattern of
inheritance was compatible with autosomal
recessive transmission. This could not be
established with certainty because there were
no consanguineous marriages.

Discussion

In this retrospective study we have shown
that the frequency of familial disease with
overt dilated cardiomyopathy was 13% based
on ascertainment by history. This figure is
similar to that reported (20%) in a recent
prospective series in which all patients’ rela-
tives were evaluated, irrespective of positive
family history.* Within the 14 families repor-
ted in our study we identified a group (21%)

of clinically symptom free relatives who were
younger than the probands and who had
mildly dilated hearts with or without hypoki-
nesis, or abnormal electrocardiogram and
echocardiogram. Fifteen of the 23 apparently
healthy relatives with enlarged left ventricles
had only increased end diastolic dimension,
eight had both increased end diastolic and
end systolic dimension with reduced frac-
tional shortening. Although an increase in the
end diastolic dimension is known to occur in
trained athletes,? this did not apply to any of
the relatives with isolated end diastolic
enlargement. Our finding of 21% of relatives
with mild abnormalities is in agreement with
results of the prospective study by Michels ez
al, in which the relatives with similar features
who did not undergo catheterisation were
classified as indeterminate.*

The symptom free relatives with electro-
cardiographic or echocardiographic abnor-
malities may represent latent forms of
cardiomyopathic involvement and/or different
stages of the disease. This would be consis-
tent with the finding of Sugrue et al, who
reported, in a population based cohort of
patients with dilated cardiomyopathy, a more
slowly progressive course than in those
referred to tertiary care centres.?

An alternative possibility to explain the
presence of such abnormalities in our appar-
ently healthy relatives would be that these
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reflect cutoffs in the definition of normality
that are too sensitive. Indeed in most of the
symptom free relatives the increase in the end
diastolic dimension was only slight and it is
possible that such minor abnormalities do not
represent disease. The same applies to the
electrocardiographic findings. Also the
accuracy and interobserver variability of
echocardiographic measurements, in particu-
lar when assessing mild abnormalities, have
to be taken into account; thus, only follow up
studies will clarify whether the relatives classi-
fied as potential carriers in this and in the
prospective study by Michels er al* will
eventually develop dilated cardiomyopathy.

Our analysis included only patients with
familial dilated cardiomyopathy who had no
known causes of left ventricular dysfunction.
Relatives were excluded if there was evidence
of recognisable causes of myocardial dysfunc-
tion, such as hypertension, heavy alcohol
intake, diabetes, or pregnancy. A previous
work has shown familial aggregation of
dilated cardiomyopathy with an autosomal
dominant pattern of inheritance in patients
who had heavy alcohol intake.!® These
authors suggested that alcohol might be a
factor modifying the course of the disease.
Similarly there have been reports of familial
peripartum dilated cardiomyopathy,?® and of
families with the clinical phenotype of dilated
cardiomyopathy and pathological findings of
myocarditis, in which a defect in immuno-
regulation was suggested.*® These findings are
provocative and warrant genetic investigation
and family screening both in the idiopathic
and secondary forms of dilated cardiomyo-
pathy.

In our study, when the potential carriers
were considered to be affected the pattern of
inheritance was consistent with autosomal
dominant with incomplete penetrance. If
these carriers were classified as indeterminate
or unaffected, however, there was apparent
heterogeneity in the inheritance patterns
(autosomal dominant in some families and
autosomal recessive in others). This has been
found in previous studies '>° and is most
consistent with multiple genetic causes being
responsible for disease transmission (poly-
genic inheritance).* Again follow up evalua-
tion of these carriers is needed to firmly
establish the modality of inheritance in famil-
ial dilated cardiomyopathy. Single or multiple
genetic defects could either directly cause the
disease or predispose to the development of
disease in the presence of environmental
triggers. This is particularly interesting
because recent evidence, which includes the
presence of circulating cardiac autoantibod-
ies,'™!® the finding of inappropriate expression
on HILA molecules on endomyocardial biopsy
tissue*> and the association with specific
HILA- DR and possibly DQ phenotypes,*
supports the hypothesis that dilated car-
diomyopathy is an organ specific auto-
immune disease, at least in one third of
non-familial cases. Dilated cardiomyopathy
has analogies with another well recognised
autoimmune disease, type I insulin depen-

dent diabetes mellitus; in particular there is
male predominance and association with the
HLA-DR4 phenotype in both conditions.?*>
In type I diabetes mellitus there is polygenic
inheritance that accounts for only 50% of
disease susceptibility, the remainder being
related to environmental causes.*

In conclusion family screening of patients
with dilated cardiomyopathy has the potential
to give new insights into the aetiology, the
pathogenesis, and the natural history of
dilated cardiomyopathy. The absence of an
obvious mode of inheritance in familial
dilated cardiomyopathy is most consistent
with this condition being not entirely genetic,
with polygenic inheritance accounting only in
part for disease susceptibility, the remainder
being related to environmental factors such as
seen in autoimmune conditions.
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