Journal of Cardiography 15: 1027-1038, 1985

Idiopathic dilated right
ventricular cardiomyo-
pathy : A report of eight
cases

Shinobu MATSUI
Eiji MURAKAMI
Noboru TAKEKOSHI
Sotoyuki TSU]JI

Summary

From 1970 to 1983, eight patients who had severe right ventricular dilatation with little or no
left ventricular abnormality were referred to our hospital. There were two men and six women, whose
ages ranged from 16 to 38 years and averaged 27. Five patients were members of two families, which
had definite hereditary histories of this disease. ECGs of seven patients suggested right ventricular
abnormalities. Ventricular arrhythmias were documented in seven, whose ECGs suggested that the
origins of the arrhythmias were in the right or both ventricles. Cardiothoracic ratios ranged from 0.50
to 0.66 and averaged 0.59. Five patients had wide respiratory splitting of the second heart sound. Echo-
cardiography showed a marked increase in the right ventricular dimension. Right ventricular diastolic
pressure was increased in three; left ventricular diastolic pressure was increased in two. Right ven-
tricular angiography revealed marked dilatation and low ejection fractions of the right ventricle in all,
but left ventricular function was nearly normal in them, except two patients who had minimal ab-
normality. The average follow-up period was 6.3 years and ranged from 3 months to 11 years. During
the follow-up period, only two patients had ventricular tachycardia and three developed overt heart
failure. Three patients died, two suddenly, and one from an attack of ventricular tachycardia. Autopsies
of these two showed extreme dilatation of the right ventricle and one of them showed concentric hy-
pertrophy of the left ventricle. Histological abnormalities were found in both ventricles. In summary, it
is suggested that idiopathic dilated right ventricular cardiomyopathy can be classified in the spectrum
of dilated cardiomyopathy.
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Introduction congestive heart failure, arrhythmias and em-
Idiopathic dilated cardiomyopathy is charac- boli?. The main feature of this disease is en-
terized clinically by impaired systolic pump largement of the left or both ventricles. There
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are few reports of idiopathic dilated cardiomyo-
pathy, in which cardiac dilatation is limited to
the right ventricle?®. In 1974, we reported five
patients with severe right ventricular dilatation
with no or minimal left ventricular abnormality,
and we designated these cases as ‘ idiopathic
right ventricular dilatation (IRVD)”’49. From
1970 to 1983, eight patients with IRVD were
referred to Kanazawa University and Kanazawa
Medical University Hospital and were followed
over several years. This is a report of these eight
patients with IRVD in terms of its clinical
features and the relationship with idiopathic
dilated cardiomyopathy.

Subjects and methods

From 1970 to 1983, eight patients with severe
right ventricular dilatation and with no or only
minimal left ventricular abnormality or were
referred to our hospital. They had no associated
abnormalities such as systemic hypertension,
valvular disease, congenital malformations of the
heart or vessels, or intrinsic pulmonary paren-
chymal or vascular disease. The diagnosis of
IRVD was made by excluding any other
known diseases using right ventricular angiogra-
phy, echocardiography, endomyocardial biopsy
and/or autopsy. Seven of the eight patients had
right heart catheterization and angiography. Left
ventricular size was assessed during systole and
diastole, either by right heart catheterization at
the levophase after injection of radiopaque me-
dium into the right ventricle or by left ventric-
ular angiography. Ventricular volume and ejec-
tion fraction (EF) were calculated by the
area-length method®. Six patients underwent
selective coronary angiography. Two-dimension-
al and M-mode echocardiograms were obtained
in six patients. The right and left ventricular
end-diastolic dimensions were measured on the
M-mode echocardiograms. In three patients,
right ventricular endomyocardial biopsies were
performed by Konno’s method®. Autopsies were
obtained in two patients.

Results

1. Clinical characteristics of IRVD
1) Age, sex, familial prevalence, symptoms
and outcome (Table 1)

Two of the eight patients were men; the male/
female ratio was 1/3. There were five patients in
two families, which had hereditary histories of
this disease. The mean age at the time of hos-
pitalization was 27 years with a range from 16
to 38 years. At the time of admission, chief
complaints were dyspnea on exertion, palpitation
and/or generalized edema. Two patients were
classified as class I; 4, as class II; and 2, as class
III, according to the New York Heart Associa-
tion functional class. The average follow-up
period was 6.3 years with a range from 3 months
to 11 years. Only three patients had clinical
right ventricular heart failure. Three patients
died, two suddenly, and one from an attack of
ventricular tachycardia.

2) Electrocardiography (Table 2)

The most frequent abnormalities on the rest-
ing electrocardiograms were T wave inversions
and premature ventricular complexes. All pa-
tients had sinus rhythm. One patient had first
degree atrioventricular block. Four had right
atrial overload. Seven had patterns of in-
complete right bundle branch block. The QRS
axis was normal (from +50° to 4110°) in all
except one case who had right axis deviation.
Ventricular arrhythmias were documented in
seven patients whose electrocardiograms sug-
gested the origin of the arrhythmias to be in the
right or.both ventricles. Only two patients had
ventricular tachycardia during the follow-up per-
iod. During spontaneous ventricular tachycar-
dia, the electrocardiograms showed a left bundle
branch block pattern in one patient and a right
bundle branch block pattern in another. The
rates of during ventricular tachycardias were 167
and 176 bpm, respectively.

3) Chest radiography (Table 3)

The cardiothoracic ratio ranged from 0.50 to
0.66 with an average of 0.59. Generally, the con-
figuration of the heart was globular. No patient
had pulmonary congestion.
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Table 1.

Clinical profiles

Idiopathic dilated cardiomyopathy of the right ventricle

Age (yrs.) at

Symptoms at the

Case Sex Onset of Time of Follow- time of admission RV failure Outcome Comments
symptoms admission up

1. F 13 16 6 Dyspnea on exertion Yes Sudden death
NYHA II (22 yrs.)

2 F 35 35 9 Dyspnea on exertion No Died of VF Mother of case 1
NYHA 1I (44 yrs.)

3 M 29 34 1 Mo Dyspnea, palpitation No Sudden death Uncle of case 1
NYHA III (34 yrs.)

4. F 22 22 11 Easy fatigability No Alive
NYHA 1I

5 F 23 8 None No Alive Sister of case 4
NYHA 1 :

6 M 21 21 11 Easy fatigability No Alive
NYHA II

7. F 25 5 None No Alive
NYHA I

8 F 36 38 3 Mo Dyspnea on exertion, Yes Alive

edema
NYHA III

Abbreviations: M =male; F=female; yrs. =years; Mo=months; NYHA=New York Heart Association func-
tional class; RV =right ventricular; VF =ventricular fibrillation.

Table 2. Electrocardiographic findings

PR QRS Inverted T PVC vT
Case RAE prolong- Axis Form in precord- A
. . geat QRS QRS Rate
ation ial leads Form onset axis form (beats/min)
1 + - +110 V,:rr/ Vios + LBBB ?
V,_g: broad s
2. - — +63 V;:rs (r=s) Vi + LBBB + 40yrs. —63 LBBB 167
V,_g: broad s RBBB
3 + - +160 1II, III, aVF: q — + Unde- ?
V! fined
Vg: rSr’s’
4, — — +50 V;:rs(r=s) Vi + LBBB + 25yrs. +117 RBBB 176
V,-s: broad s RBBB
5. - - +65 WNL Vi, + LBBB —
6. - — +100 V;:Rs Vi + Unde- -—
Vi_g: broad s _fined
7. + +90  V,:rsr's’ Vi - —
(0.32 sec)
8. + — +75 V! Vi + LBBB —
RBBB

Abbreviations: RAE=right atrial enlargement; PVC=premature ventricular contraction; VT =ventricular
tachycardia; yrs.=years, LBBB=left bundle branch block; RBBB=right bundle branch block; WNL =within

normal limits.
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Table 3. Chest radiographic, phonocardiographic and echocardiographic findings

X-ray Heart sounds Echo
Case CTR and murmurs
RVDd (mm) LVDd (mm) RVDd/LVDd.
1. 0.56 S2 : NFS 64 34 1.88
S3
2. 0.61 S2 : NFS 30 40 0.75
EM
3. 0.63 S2 : NFS — — —
S4
4. 0.55 S2 : NFS 30 36 0.83
S4
5. 0.50 WNL 24 38 0.63
. 0.60 S3 — — —
7. 0.59 S2 : NFS 34 32 1.06
EM
8. 0.66 S3 62 36 1.72

Abbreviations: CTR =cardiothoracic ratio; NFS=non-fixed splitting; EM =ejection murmur; WNL =within
normal limits; RVDd =right ventricular end-diastolic dimension; LVDd =Ileft ventricular end-diastolic dimension.

Table 4. Cardiac catheterization and angiographic data

Pressure (mmHg)

Volume and EF

Case RVEDV RVEF LVEF aﬁgffg‘lﬁ
PCW PA RV RA LV () RO

1. — 17/4 16/6 4 100/7 486 17 48 Normal
2. 8 25/8 24/5 3 117/8 351 13 74 Normal
3. — 25/— 24/— 8 — — — — —

4. 9 26/11 25/11 5 — 281 22 65 Normal
5. — — — — — — —_ — —

6. 9 23/10 25/8 9 — 454 21 67 Normal
7. 6 26/13 29/11 6 140/16 422 47 70 Normal
8. 20 23/15 20/15 12 111/13 380 28 45 Normal

Abbreviations: PCW =pulmonary capillary wedge; PA=pulmonary artery; RV =right ventricle; RA=right
atrium; LV =left ventricle; EF =ejection fraction; EDV =end-diastolic volume.

4) Phonocardiography (Table 3)

Five patients showed respiratory splitting of
the second heart sound. The third or fourth
heart sound was recorded in five patients. A
grade I~II/VI ejection murmur was recorded
in two patients.

5) Echocardiography (Table 3)

M-mode echocardiography was performed in
six patients and showed increases in right ven-
tricular end-diastolic dimensions in all patients.

Left ventricular dimension was within normal
range in all patients. The mean RVDd/LVDd
ratio was 1.15 (range 0.63-1.88), where RVDd
was right ventricular end-diastolic dimension and
LVDd was left ventricular end-diastolic dimen-
sion. One patient (case 8) had mild hypokinesis
of the left ventricular posterior wall.

6) Cardiac catheterization (Table 4)

Cardiac catheterization was performed in sev-
en patients. Right atrial and ventricular diastolic
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Table 5. Endomyocardial biopsy and autopsy findings

RV endomyo-

Case cardial biopsy

Autopsy

RV

LV

2. (at age 35 years)

Mild endocardial
edema

Mild degeneration of
myocytes

Increase in intersti-

tial connective tissue
of myocardium

Macroscopic:
Marked dilatation
Abundant subepicardial and
myocardial fatty metamorphosis
Marked decrease in myocardial
muscle cells
Microscopic:
Thickened endocardium
Subepicardial fibrosis
Degeneration of myocytes with
dystrophic and pyknotic nuclei
(at age 44 years)
Macroscopic:
Marked dilatation
Abundant subepicardial and myo-
cardial fatty metamorphosis
Microscopic:
Thickened endocardium
Interstitial fibrosis of myocardium
Degeneration of myocytes with
dystrophic and pyknotic nuclei

Macroscopic:
Hypertrophy of the wall
Patchy fibrosis
Abundant subepicardial fat

Microscopic:
Degeneration of myocytes

Interstitial fibrosis of myocardium

Macroscopic:
Marked hypertrophy of the wall
Abundant subepicardial fat

Microscopic:
Thickened endocardium
Pyknotic nuclei in myocytes
Interstitial fibrosis of myocardium

4. Normal myocardium
6. Normal myocardium

pressures were elevated in three patients. Pul-
monary arterial pressure was normal in all
patients. Left ventricular end-diastolic pressure
was slightly elevated in two patients.

7) Angiography (Table 4)

Angiography was performed in six patients.
Right ventricular enlargement and a decrease in
ejection fractions were evident in all patients.
Left ventricular ejection fraction was slightly
decreased in two of six patients. No patients had
significant stenosis (=509,) of their coronary
arteries.

8) Endomyocardial biopsy and autopsy find-

ings (Table 5, Fig. 1)
Right ventricular endomyocardial biopsy
was performed in three patients. Two of them
showed normal myocardium, and one patient

showed mild endocardial edema, mild degen-
eration of myocytes and an increase in intersti-
tial connective tissues.

Autopsy was obtained in two patients. The
right ventricular wall was covered with abun-
dant subepicardial fat. Macroscopically, the right
ventricular cavity was markedly enlarged. The
endocardium appeared white and thickened.
The macroscopic findings in the left ventricle
revealed an increase in the wall thickness and
fatty infiltration. Microscopic examination of the
right ventricular myocardium showed fatty in-
filtration in the interstitial tissue and degenera-
tion of the few remaining myocytes with dys-
trophic and piknotic nuclei. There was a marked
decrease in myocardial muscle cells and the
myocardium was replaced by fatty tissue. Micro-
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Fig. 1. Autopsy findings (Case 1).

A: Transverse section of the heart shows enlarged cavity and thin wall with fatty metamorphosis
in the right ventricle. In the left ventricle, a hypertrophic ventricular wall, patchy fibrosis and abun-
dant subepicardial fat are seen.

B: Histological section of the right ventricular myocardium (left) shows degeneration of myocytes,
interstitial fibrosis and fatty infiltration, and that of the left ventricular myocardium (right) shows de-
generation of myocytes and interstitial fibrosis. H & E stains.
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scopically, degeneration of myocytes and inter-
stitial fibrosis were observed in the left ventric-
ular wall.

2. Case presentation

A 21-year-old woman (Case 1) was referred to
Kanazawa Medical University Hospital for eval-
uation and treatment of pretibial edema and
" dyspnea. She had noted exertional dyspnea since
13 years of age. At the age of 16, she was first
noted to have marked cardiomegaly. Soon there-
after, she underwent cardiac catheterization
which revealed possibile IRVD. Since that
time, she had several episodes of right heart
failure. She was referred to Kanazawa Medical
University Hospital for the first time on Sep-
tember 22, 1972 for reevaluation and treatment
of congestive heart failure. Her mother died of
ventricular tachycardia at 44 years of age (Case
2) and one of her uncles died suddenly in 1965
at the age of 34 (Case 3).

Physical examination revealed a slightly obese
woman with an irregular heart rate of 71 bpm
and blood pressure of 110/80 mmHg. Jugular
venous pressure was elevated. Her chest was
clear. The apical impulse was diffuse without
heaves or thrills. The second heart sound was
split and appeared to vary with respiration. No
systolic murmur was audible. A third heart
sound was audible. The liver was palpable 3-
fingers-breadths below the right costal margin.
There was pretibial edema.

The 12-lead ECG revealed sinus rhythm,
right axis deviation, rsr’ pattern in V,, low volt-
age and inverted T waves in V,-V; (Fig. 2a).
Post-stress ECG showed frequent PVCs. Chest
radiography showed a markedly enlarged globu-
lar shaped heart (Fig. 2b). She underwent car-
diac catheterization and angiography. Pressure
measurements in both ventricles were normal.
The right ventricle was enlarged and contracted
poorly (RVEF=179%,)). LVEF was slightly de-
creased (Table 4, Fig. 2c). The coronary ar-
teries were normal. She died suddenly on
December 16, 1975. A postmorten examination
was performed eight hours after death. The re-
sults of autopsy are shown in Table 5 and il-
lustrated in Fig. 1.

Idiopathic dilated cardiomyopathy of the right ventricle

Discussion

1. Clinical characteristics of IRVD

Our experience with eight patients with IRVD
enabled us to draw a composite clinical profile
of this condition. The typical patient is a young
or middle-aged woman who presents with right
heart failure and/or arrhythmia. The etiology of
IRVD is unknown, although hereditary influ-
ence is suspected. The ECG shows incomplete
right bundle branch block. Inverted T waves
in leads V-V, and ventricular premature con-
tractions are usually present; whereas, the inci-
dence of ventricular tachycardia is not very high.
The heart is moderately enlarged and the pul-
monary vasculature is normal. A third or fourth
heart sound is frequently detected. Echocardio-
graphy shows increased right ventricular dia-
stolic dimension (RVDd). The left ventricular
diastolic dimension (LVDd) is normal and
RVDd/LVDd ratio is markedly increased over
normal. Intracardiac pressures are nearly nor-
mal except for right ventricular diastolic pres-
sure. Angiography shows an enlarged and poorly
contracting right ventricle. There is only mini-
mal abnormality of left ventricular contraction
or none. The prognosis of this disease is grave
and the cause of death is usually ventricular
tachyarrhythmia.

2. Differential diagnosis of IRVD

A variety of acquired or congenital abnor-
malities of the right heart, including atrial septal
defect, partial anomalous pulmonary venous
drainage, isolated tricuspid chordal rupture,
congenital pulmonary regurgitation,and Ebstein’s
anomaly, may cause isolated right ventricular
failure. Many of these conditions can be readily
excluded by clinical investigation. Ebstein’s
anomaly is difficult to differentiate from IRVD.
However, in patients with IRVD normal inser-
tion of the tricuspid valve can be indentified by
echocardiography and right ventricular angio-
graphy; furthermore, intracardiac ECG does not
demonstrate an atrialized portion of the right
ventricle. In Uhl’s anomaly, the predominant
feature is a very thin-walled, enlarged right ven-
tricle?. Therefore, IRVD can be differentiated
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RV (diastole

Fig. 2. Exemplary IRVD patient (Case 1).

Idiopathic dilated cardiomyopathy of the right ventricle

©

A: Electrocardiogram shows right axis deviation, rsr’ pattern in V,, low voltage and inverted T

waves in V-V (1 cm=1 mV).

B: Chest radiograph shows the markedly enlarged heart.
C: Angiogram shows the enlarged right ventricular cavity (left) and normal left ventricular

cavity (right) in end-diastole.

from this condition. Uhl’s anomaly results in
cyanosis and right heart failure during infancy.
The ECG usually shows a lack of right ven-
tricular force. Pathologically, there is complete
absence of the right ventricular myocardium,
but sections from the left side of the heart show
no special features. Adult cases of Uhl’s anoma-
ly complicated by ventricular tachycardia have
rarely been reported. In our series of IRVD,
symptoms appeared in adolescence or adulthood,
and the right ventricular wall thickness measured
by right ventricular angiography ranged from 1.5
to 4 mm. ECGs showed right ventricular hyper-
trophy due to diastolicoverload. Right ventricular
endomyocardial biopsy (Case 2, 4 and 6) was

normal or showed only minimal changes of the
right ventricular myocardium. Autopsy (Case 1
and 2) showed abundant subepicardial and myo-
cardial metamorphosis, decreased myocardial
muscle cells in the right ventricular wall, and
pathologic left ventricular involvement with
thickened wall, fatty infiltration and degenera-
tion of myocardium. These findings made Uhl’s
anomaly unlikely in the present cases.

3. Left ventricular involvement in IRVD

Most patients reported in the present study
had severe right ventricular dilatation with rela-
tively good left ventricular function. However,
two patients (Case 1 and 8) had mildly depressed
left ventricular function, and two autopsied
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cases (Case 1 and 2) had similar pathological
findings in the both ventricles with modera-
tedly abnormal left ventricles. Macroscopic
findings of the left ventricles included an
increase in the wall thickness with fatty infilt-
ration. Microscopically, degeneration of myo-
cytes and interstitial fibrosis were observed in
the left ventricular myocardium. On the basis
of these findings, it is reasonable to assume
that IRVD is a diffuse myocardial disease, but
the right ventricular myocardium is first involved
for reasons not yet clear.

4. Similarities and differences between IRVD

and right ventricular dysplasia

Marcus et al®. reported 24 patients with right
ventricular dysplasia who presented with ven-
tricular tachycardia, supraventricular arrhyth-
mia, right heart failure or asymptomatic cardio-
megaly. The right ventricular angiogram usually
showed an enlarged right ventricular chamber
with segmental wall motion abnormalities, par-
ticularly in the infundibulum, which may show
areas of systolic expansion. At autopsy or sur-
gery apparently discrete aneurysmal dilatation
was noted in the infundibulum, apex and in-
ferior wall of the right ventricle.

Microscopic examination of the tissue from
the area of involvement showed infiltration of
the interstitial tissue by fat and hypertrophy or
degeneration of the few remaining myocytes!®.
Right ventricular dysplasia is similar to IRVD
in clinical profile, but there are notable differ-
ences between these conditions, such as sex pre-
dominance, hereditary influence, QRS configu-
rations of premature ventricular contractions,
ventricular tachyarrhythmias, right ventricular
wall motion abnormalities, and right and left ven-
tricular involvement (Table 6)!V. Furthermore,
the term ‘‘ dysplasia ”’ indicates abnormality of
development; pathologically, alteration in size,
shape and organization of adult cells. However,
“ cardiomyopathy *’ indicates a disorder that
directly affects the myocardium of one or both
ventricles in a diffuse or multifocal fashion.
Based on its angiography, endomyocardial bio-
psy and autopsy findings, it is thought that
IRVD can be classified as idiopathic dilated car-

Table 6. Differences between IRVD and right
ventricular dysplasia

IRVD RV dysplasia
Sex (male/female) 1/3 2.7/1
Hereditary influence 4+ + +
Configuration LBBB LBBB
of PVCs RBBB
Incidence of VT + ++

RV wall motion  Generalized Regional wall
hypokinesis motion abnormality

RV involvement Diffuse Localized
(pathological) ~diffuse

LV involvement + +
(pathological

and functional)

Abbreviations: RV =right ventricular; LV=left
ventricular; PVC =premature ventricular contraction;
LBBB=left bundle branch block; RBBB=right
bundle branch block; VT =ventricular tachycardia.

diomyopathy.

5. Selective involvement of the right ventri-

cle in idiopathic dilated cardiomyopathy

The selective involvement of the right ven-
tricle in the patients with idopathic dilated car-
diomyopathy is rare, but has been reported by
several authors?%1L12_ Viola et allV. first de-
scribed a case of idiopathic myocardopathy with
failure of right ventricular contractility. How-
ever, their case showed elevated left ventricular
end-diastolic pressure (=14 mmHg) and patho-
logic changes in the left ventricular myocar-
dium. Kreulaen et al.!? reported two patients
with primary myocardial disease who had clini-
cal evidence of right heart failure. In one case
there was no pulmonary hypertension, but this
patient also showed severe left ventricular dys-
function and asynergy. Hatle et al?. reported
four patients with chronic myocardial disease
who had predominantly right ventricular in-
volvement. Signs of left ventricular disease could
not be detected in one of these cases. Recent-
ly, Fitchett et al®. reported 14 patients with
predominantly right-sided dilated cardiomyo-
pathy. The clinical and pathological data of
their patients are very similar to those in the
present study except for the sex predominance
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and an inflammatory cellular infiltration which
was not found in our series.

Conclusions

In most patients with idiopathic dilated car-
diomyopathy, functional and pathological abnor-
malities are more pronounced in the left ven-
tricle than in the right ventricle. However,
IRVD is a pathologic condition in which the
right ventricular myocardium is replaced by
fatty and fibrous tissue at first. Based on the
pathologic and functional left ventricular in-
volvement, it is suggested that IRVD can be
classified as one in the spectrum of idiopathic
dilated cardiomyopathies. Therefore, it is appro-
priate to designate IRVD as “ idiopathic dilated
right ventricular cardiomyopathy (IDRVC)”.
The etiology, clinical course and treatment of
IDRVC remain obscure, and further studies to
clarify these problems are mandatory as more
cases accumulate.
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Correction

P. 1032: Legend of Fig. 1B
(left) and (right) should be switched.



