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Summary
In order to find evidence of prognosis and of presympto-
matic manifestation of congestive cardiomyopathy
(COCM) in fifty-eight patients, the extent of morpho-
logical changes of endomyocardial catheter biopsy
(EMCB), clinical and haemodynamic data were
correlated to the clinical course. In addition, clinical,
haemodynamic, angiographic, morphological and
His-bundle electrographic studies were performed in
patients with left bundle branch block (LBBB), normal
left ventricular end-diastolic volume, and normal
coronary arteries (n = 43).

Related to a 10-year mortality rate of 70%o from
the onset of symptoms, COCM is one of the most
severe heart diseases. Endomyocardial catheter
biopsy (EMCB) allowed clear prognostic separation in
patients with COCM and seems to be of diagnostic
value in patients with only slightly enlarged hearts and
in patients with a short history of symptoms. The
studies also revealed much evidence that at least some
patients with LBBB, normal left ventricular end-
diastolic volume (LVEDV) and normal coronary
arteries exhibit an early stage of COCM. In these
patients especially EMCB with severe changes of
heart muscle cells and/or impaired left ventricular
function may indicate subsequent COCM. So that
there is now a new indication for performing EMCB.

Introduction
The clinical course of patients with congestive

cardiomyopathy can vary considerably, i.e. it can
be fast or slow or may even show transient remission
(Breithardt, Kuhn and Knieriem, 1978; Kuhn et al.,
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1975; Oakley, 1974; Stapleton, Segal and Harvey,
1970, 1974). The diagnosis ofCOCM is mostly made
in an advanced stage of the disease, as the pre-
symptomatic manifestation of COCM is unclear.
Therefore, following previous studies (Kuhn et al.,
1974a, 1975, 1978; Loogen and Kuhn, 1977; Breit-
hardt et al., 1978) endomyocardial catheter biopsy
(EMCB) was used in an attempt to get more infor-
mation on prognosis ofCOCM. Clinical and haemo-
dynamic data as well as biopsy results were
correlated to the clinical course of the patients.
Former studies in a small number of patients gave

some evidence for presymptomatic manifestation of
COCM in patients with complete left bundle branch
block (LBBB) (Kuhn et al., 1978). Now in a larger
group of patients with LBBB of unknown aetiology,
different investigations were performed, including
haemodynamic and angiographic measurements,
EMCB, His-bundle-electrography (His-BE) and
estimation of minimal cardiac transit times (MTT)
in order to find evidence for subsequent COCM.

Patients and methods
Fifty-eight patients with COCM (Goodwin and

Oakley, 1972; Kuhn et al., 1973, 1978), in whom
EMCB could be performed, were studied. Biopsies
were taken from the right ventricle, the right and
left heart were catheterized, left ventricular cin6
angiogram, coronary arteriography, chest X-ray,
ECG, phonocardiogram, apexcardiogram, external
carotid pulse tracing and laboratory tests were
carried out. Left ventricular cin6 angiograms, left
ventricular end-diastolic volume (LVEDV) and left
ventricular end-systolic volume (LVESV) were
estimated from mono-planes using the area length
method. From these data, indices were derived
yielding LVEDVI and LVESVI (unit: volume/M2
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FIG. 1. Cumulative survival rate in fifty-eight patients
with COCM from the onset of illness to the end of the
observation period.

surface area), and ejection fraction (EF, %) was
calculated. The teleroentgenogram in posterior
anterior projection was used for estimation of cardio-
thoracic ratio (CT-ratio). Right ventricular EMCB
was performed by transfemoral approach using
either the Konnobioptome or a modified bronchus
bioptome (Key-med England, or Pflugbeil, West-
Germany). No severe complications were observed
in these, or any others (n=219), patients in the
Dusseldorf hospital from whom biopsies had been
taken (Kuhn et al., 1978). Generally one or three
specimens were taken for both light- and electron-
microscopic examination (Kuhn et al., 1975). Mor-
phological aspects were assessed from semi-thin and
ultra-thin sections by workers without knowledge of
the clinical data. In addition semi-quantitative mor-
phological evaluation was done. The morphological
picture was estimated according to the frequency,
extent and severity of alterations using a semi-
quantitative morphological score already applied in
earlier works (Table 2). The following were consid-
ered to be degenerative changes: increased number of
myelin figures, lipid droplets or lipofuscine granules,
proliferation of sarcoplasmic reticulum, lysosomal
changes, lysis of myofilaments and abnormal con-
figurated mitochondria with abnormal variation in
size. Degenerative changes in general were regarded
as severe when there were at least three of them.
Changes in the mitochondria included mitochon-
driosis and abnormally large or small mitochondria.
Myofibrillar changes were considered as being
present in cases of abnormal arrangement of myo-
fibres and myofibrils running in adverse directions,
abnormal thickening or irregularity of Z-bands.
Interstitial fibrosis was evaluated from semi-thin
sections. Myocardial hypertrophy was classified
according to the size of the myofibres: slight
(15-20 i.), moderate (21-25 ti) and severe (> 26 IL).

All patients were examined at regular intervals
of 6-12 months in the out-patient clinic. All patients
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FIG. 2. Ultrastructural changes in fifty-eight patients
with COCM. Data are grouped according to the morpho-
logical score. Deceased patients are indicated by
shading.

were followed-up. December 30, 1977 was taken as
the date for determining the outcome of each case.
His-BE was performed according to the technique
of Scherlag et al. (1969) with a special 4 F bipolar
catheter for single use (Cordis).

Studies in patients with LBBB (without COCM):
Forty-three consecutive patients with LBBB and
normal LVEDV were studied applying the same
diagnostic procedure as in patients with COCM. In
addition, mean pulmonary artery pressure (MPAP)
was measured at exercise which was increased every
3 min using a Swan Ganz catheter. MPAP on
exercise correlates best with LVEDP according to
measurements of Bonzel et al. (1976). According to
the result of MPAP measurement, patients with
LBBB were subdivided into patients with latent
cardiomyopathy (LCM) and other patients, in
whom LBBB was the only pathological finding.
LCM was defined by normal thickness of septum
and posterior wall of left ventricle measured by the
M-mode echocardiography (Echopan, Siemens),
normal LVEDV and normal EF, no outflow-tract
obstruction of left ventricle, but with elevated
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LVEDP at rest or in most cases on exercise, demon-
strated by abnormally high MPAP, i.e. >30 mmHg
at 60 W (normal values, see Haerten et al., 1976).
MTT were measured using ll3mIn before and at the
end of ergometric work (Vyska et al., 1975; Losse
and Loogen, 1978).
The following definitions were used: (1) Duration

of illness is the interval from the onset of symptoms
to the date of myocardial biopsy. (2) Follow-up
period is the interval from the date of myocardial
biopsy to December 30, 1977. (3) Survival period is
the interval from the date of biopsy to the death of
the patient or, when still alive, to December 30,
1977.

Statistical analysis was applied using the Wilcoxon
test. Cumulative survival rates were calculated with
the method of Cutter and Ederer (1958).

Results
Mean age of all patients was 42 years, mean dura-

tion of illness before biopsy was 3 5 years (maximum
16 years, minimum 0-3 years) and mean survival
period and follow-up period were 1-5 years and
2-6 years respectively.

Figure 1 shows the cumulative survival rate of
fifty-eight patients with COCM from the onset of
illness to December 30, 1977 or the date of death.
The 5-year survival rate was 65%, whereas the
10-year survival rate was only 30%.
The frequency and the extent of myocardial

ultrastructural lesions varied. Myocardial hyper-
trophy, interstitial fibrosis and degenerative changes
were the most frequently seen (Fig. 2). Patients were
divided according to their morphological score
(Table 2, Fig. 2). Group I (n= 30) consisted of those
patients with <4 points, group II (n=28) of those
with > 5 points. In both groups hypertrophy,
interstitial fibrosis and myofibrillar changes were
seen with near-equal frequency (Fig. 2). However,
alterations of mitochondria were observed in only
three patients in group I and 21 in group II. De-
generative changes occurred in all patients of group

TABLE 1. Clinical data and mortality in fifty-eight patients
with COCM. Patients are grouped according to the extent of

pathological changes

Morphological score < 4 points > 5 points

No. of patients 30 28
Age (mean) 39-1 + 9-1 42-7 + 9-0 years
Duration of illness 3-8 3-5 3-1 ±2-6 years
Cardio-thoracic ratio 0 554 ± 007 0 595 0-05
EF 38-7 +15-1 34-2+14-0%
EDVI 140-3 + 30 9 176 0+61.Oml/m2
Follow-up period 2 5 + 2-7 2-7 + 1-3 years
Survival period 19±+10 11 +0-8 years
Score (mean) 30 ± 10 6-3 + 12
Mortality 30% 75%

TABLE 2. Morphological score for semi-quantitative
evaluation of myocardial biopsies

Points
1. Degenerative changes rare-slight I

frequent-severe 2
2. Mitochondrial changes rare I

frequent 2
3. Myofibrillar changes rare I

frequent 2
4. Interstitial fibrosis moderate I

severe 2
5. Hypertrophy slight I

moderate 2
severe 3

II compared to eighteen in group I. Mortality was
very high in group II (21 of 28, 75%/) and low in
group I (nine of thirty, 30%/). Clinical and haemo-
dynamic data were not significantly different in
these two groups (Table 1) although CT-ratio and
LVEDVI tended to be greater and EF tended to be
lower in group II. The cumulative survival rate was
lower at all intervals of follow-up in group II
(Fig. 3). Survival rate after 4 years was 0%O in group I
and 54%/ in group II.
The prognostic significance of other parameters

was tested by grouping the patients according to
their final outcome regardless of the morphological
score (Fig. 5). Mean age and duration of illness were
not significantly different when comparing those
patients who died with those who survived. Survival
period, follow-up period, morphological score, CT-
ratio, LVEDVI and EF were significantly different.
The scatter of individual data was highest in LVEDVI
and EF. To test the relation between the extent of
morphological changes and the duration of the
illness, the morphological score was compared to
the duration of illness and to its outcome (Fig. 4).
As can be seen, there was no positive correlation
between the two. However, when focusing on those
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FIG. 3. Cumulative survival rate in fifty-eight patients
with COCM from the date of biopsy according to the
morphological score. 0 0 < 4 points.
*- * >5 points.
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FIG. 4. A plot of the morphological score versus the dura-
tion of illness before biopsy in fifty-eight patients with
COCM. Deceased patients are indicated by crosses.

patients with a duration of illness < 2 years (n= 27),
the survival could be predicted with a relatively
high degree of accuracy by the morphological score.
Only four patients with < 4 points died out of four-
teen patients (age 37±10 years, duration of illness
12 +0-8 years, follow-up period 2-6+ 1-2 years),
whereas ten of thirteen patients in the other group
died (> 5 points). CT-ratio in these two groups was
0-569+0'065 and 0-602+t0059; EF was 408±t5'9
and 34-3±16-3%; EDVI was 136-9±31-9 and
180-1 64-2 ml/m2 respectively. Two-year cumula-
tive mortality rate was 14% and 77%/ respectively.
These differences were even more pronounced when
focusing on those patients with a duration of illness
of < 1 year. Only one of nine patients died with
< 4 points, whereas seven of ten patients with > 5
points (Fig. 4) died. The differences in CT-ratio,

LVEDVI, EF, duration of illness and follow-up
period were not statistically significant.

Different observations were made indicating a
possible pre-stage of COCM in patients with LBBB,
which occurs in nearly 40% of these patients
(Table 5). One of them was the result of retro-
spective study, i.e. LBBB in COCM was documented
or described many years before the clinical onset of
COCM (Kuhn et al., 1978) (Table 3). To date, this
ECG abnormality has been found in thirteen
patients with COCM and common LBBB (criteria of
the New York Heart Assocation), i.e. in one case
as far back as 22 years, in six cases 8-16 years. In
nine cases normal heart size was seen before the
onset of symptoms (mostly dyspnoea) possibly
indicative of COCM. In four patients (+, Table 3)
transient uncharacteristic heart pains were the cause
for performing an ECG. Some patients could not
remember the cause, others mentioned routine
examinations because of different reasons. One
cannot ignore the fact that the left ventricle was
dilated in these patients in spite of their hearts being
of normal size. This is supported by the findings in
55 consecutive patients with LBBB of unknown
cause, with a normal heart size and normal coronary
arteries (EDVI 113±6 ml/m2 (x±ts)). Seven of
these had a dilated left ventricle. There were 2
cases of hypertropic non-obstructive cardiomyo-
pathy (HNCM, ASH) detected by M-mode echo-
cardiography (IVS/PW ratio, 18 :11 and 22 :16
respectively). To find evidence for possible early
manifestation of COCM in the remaining patients
with LBBB (n=43, EDVI 78±t16 ml/m2) different
studies were performed, i.e. measurement of MPAP
at rest and at exercise, EMCB, His-BE and estima-
tion of MTT.
Mean age in these patients was as high (42 years)

P< 0.001 P< 000 P<0.001 P<0001 P< 0.025 P<001
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:FIG. 5. Clinical and haemodynamic data and morphological score in fifty-eight patients with COCM (mean
+ s.d.). O alive (n = 28). a dead (n= 30).
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TABLE 3. LBBB in thirteen patients with COCM before the onset of signs symptomatic of COCM

Before CT-ratio Duration
Age COCM Cardiac of COCM

Patient (years) Sex (years) complaints Before COCM After COCM (years)

P.W. 40 m 3 5 - (<0500) 0560 6
V.F. 40 m 13 - 0-478 0-651 2
S.W. 57 m 3 (+) 0-462 0-600 7
L.W. 47 f 8 - 0540 6
P.H. 53 m 2 5 - 0-498 0-594 2-5
W.H. 49 m 2 - (<0500) 0-617 8
L.E. 49 f 5 (+) 0 434 0 520 3
T.H. 51 f 22 - 0470 0-630 05
K.J 48 m 14 - 0430 0 540 2
S.G. 38 m 9 - 0530 2
V.P. 67 m 11 (+) (<0 500) 0-620 4
S.E. 53 m 16 (+) 3
D.F. 48 m 10 - 0490 2

TABLE 4. Age (mean and range) in patients with COCM and in
patients with LBBB without COCM. MPAPt = elevated
mean pulmonary artery pressure, LCM =latent cardiomyo-
pathy

Years
COCM total 42 (17-67) n=151

without LBBB 40 (17-59) n=97 p<0-001
with LBBB 47 (27-67) n=54P

LBBB total 43 (28-61) n=43
unknown (MPAP

normal) 38 (28-55) n= 17 p<0-001
LCM (MPAPt) 48 (31-61) n=26f

as in patients with COCM (43 years) but was lower
when patients with COCM and LBBB (47 years)
were compared with a wide range of age (28-61
and 27-67 years respectively) (Table 4). Dis-
tribution of sex showed prevalence among men in
COCM with LBBB (60%, total n=54) and among
women in LBBB without COCM (53%4, total n=43).
The difference between mean age of COCM patients
with and without LBBB was highly significant
(Table 4).

In Fig. 6 MPAP at rest and at exercise is shown.
As can be seen in twenty-six of forty-three patients
an abnormal elevation of MPAP was found indicat-
ing latent left heart failure. Also the total of patients
with LBBB (n=43) showed a significantly higher

elevation of MPAP under exercise than was found
in normal subjects. For the patients with abnormal
elevated MPAP the diagnostic designation 'latent
cardiomyopathy (LCM)' is proposed (Kuhn et al.,
1978). Mean age of these patients with LCM (48
years) was significantly higher than in patients with
LBBB and normal MPAP ('LBBB unknown group')
(38 years), the scatter being again very great (Table
4). LVEDP at rest, EDVI and EF were normal and
not significantly different although EF was some-
what lower in patients with LCM. Aortic pressure
showed a slight elevation (Fig. 7a and b).

In twenty-one patients with LBBB and normal
LVEDV right ventricular EMCB and both light-
and electronmicroscopic examination of specimens
were done (Fig. 8). In nineteen patients abnormal
findings were seen. In five patients even severe
alterations of myocardial cells were present. Examples
are shown in former work (Kuhn et al., 1978). For
semi-quantitative evaluation the same morphological
score was applied as in patients with COCM (Table
2). Changes are summarized in Fig. 8, including
degenerative, mitochondrial and myofibrillar altera-
tions, interstitial fibrosis and hypertrophy. Myo-
fibrillar changes were rare in the 'LBBB unknown
group' and more frequent in patients with LCM.
Degenerative changes were more frequent in LCM.

TABLE 5. HV-interval in patients with LBBB and in normal subjects (mean ± s.d.)

H-V normal H-V prolonged Total

Aetiology of LBBB n H-V ms n H-V ms n H-V ms

COCM 3 55+0-7 24 78 + 26 27 79 + 28
Other: total 10 50± 10 23 68+ 10 32 63± 12 }*1

LCM 5 50+4 8 68+ 11 13 61+13
unknown 4 50+5 15 69+ 10 19 64±12 *

Normal S1 43 +696
* = P<0005
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FIG. 6. Mean pulmonary artery pressure at rest and
during exercise in patients with left bundle branch
block (LBBB) and in normal subjects (mean+s.d.)
(*=P< 0005). · LBBB (total) n= 43. 0 LBBB (LCM)
n=26. A LBBB (unknown) n= 17. O Normal n=30.
LCM =latent cardiomyopathy.

The extent of changes as expressed by morphological
points was also higher in LCM, but this difference
was not significant. Severe changes (> 5 points)
were present in five patients, three of them being in
the 'LBBB unknown' group.

In Table 5 the result of His-BE as related to normal
and abnormal HV-intervals in patients with COCM
and in the two LBBB groups is shown. A high
incidence of prolonged HV-time was found in
patients with COCM (23) and in both LBBB groups
(24). The longest time-values were seen in COCM, the
mean value being significantly higher in this group
than in the LBBB group. HV-time in LCM and in
the 'LBBB unknown' group was nearly identical
and significantly longer than in normal subjects.
MTT was measured in a relatively small group of
fourteen patients with LBBB and normal LVEDV.
Abnormal prolongation could be seen in 21%
(xc=415 sec, range 3-9-4-62 sec, normal value
2-8±0-5 sec) (xJ±S). The rate of an abnormally
elevated MPAP in the same patients at exercise was

l LBBB(total) n=43
0 LBBB(LCM) n=26
B LBBB(unknown) n=17
O Normal n=7

100_- T 100

i lilltII TT (%) /
50 50

0 O~~0
EDVI SVI EF

n.s. n.s. n.s.

150

E EE 100 AF
20-

0 0
AP LVP LVEDP MPA P
n.s. n.s. n.s. Rest Exercise (60W)

P<0.005

FIG. 7. Angiographic and haemodynamic findings in patients with left
bundle branch block (LBBB) and in normal subjects. EDVI = end-diastolic
volume index, SVI=stroke volume index, EF=ejection fraction of left
ventricle, AP=aortic pressure, LVP =left ventricular peak pressure,
LVEDP = left ventricular end-diastolic pressure, MPAP= mean pulmonary
artery pressure (mean±s.d.) LCM= latent cardiomyopathy. n.s.= not
significant, * = P < 0-005.
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FIG. 8. Frequency of morphological findings and
morphological score in twenty-one patients with left
bundle branch block (LBBB) (mean + s.d.) n= number of
patients. (a) LBBB total (n=21). (b) LBBB LCM
(n= 13). (c) LBBB unknown (n= 8).

43%/. All cases showing a prolongation of MTT also
showed abnormal elevation of MPAP.
Abnormal findings observed in patients with

LBBB without COCM were 90% by right ventricular
biopsy; 72%, by His-BE; 60%, by measurement of
MPAP; and 21% by measurement of MTT.

Discussion
The purpose of the present work was to correlate

the degree of structural changes in COCM to the
clinical course in order to get more information on
prognosis which can vary considerably. In addition,
various clinical, haemodynamic and angiographic
data were examined for their prognostic significance.
Studies on the possible presymptomatic stage of
COCM were also performed.

Calculation of cumulative survival rate from the
clinical onset of illness revealed a 10-year mortality
rate of70% (Fig. 1). More differentiated information
on prognosis was obtained by grouping the patients
into those with slight changes (Q4 points) and those
with severe structural alterations (> 5 points)
(Fig. 3). Analysis of the morphological picture
showed that mainly degenerative changes indicated

a worse prognosis in COCM (Fig. 2). Cumulative
survival rate from the date of biopsy was then
different, i.e. after 4 years it was 54% and 0%
respectively. These results concerning the prognostic
significance of pathological changes were recently
confirmed by Bouhour et al. (1976). Other measure-
ments were not significantly different (Table 1).
However, grouping the patients regardless of
morphological score in a different way (dead or
alive) shows a prognostic significance not only of
the morphological score but also of the cardio-
thoracic ratio, EF and LVEDV (Fig. 5). Similar
results have also been obtained by other authors
(Goodwin and Oakley, 1972; Stapleton et al., 1974).
However, the great overlap of data reduces their
prognostic usefulness for the individual patient.
Best prognostic evaluation seems to be achieved by
using all the data together, especially the results of
biopsy, cardiothoracic ratio, EF and LVEDV.
EMCB alone seems to be of special prognostic

and diagnostic value in patients with short duration
of illness (Fig. 4). In these cases (e.g. a sero-negative
acute or subacute myocarditis), one cannot with
certainty rule out the possibility of a good prog-
nosis. The present data from patients with a dura-
tion of illness of 2 years have provided a new
insight into the prognosis for these patients, and it
seems even more pronounced for patients with a
duration of illness of < one year (Fig. 4). By use
of the semiquantitative morphological score, a
clear separation was made between those patients
with a good prognosis (< 4 points, 2-year cumulative
mortality rate 14%) and those with a very poor prog-
nosis ( 5 points, 2-year cumulative mortality rate,
87%). Clinical data and haemodynamics of these
two groups were different, showing the same ten-
dencies as in the total of all patients.
The extent of pathological change was independent

of the duration of illness (Fig. 4). However, one may
speculate that the prognostic difference in COCM
represents different nosological entities or different
speeds of progression of the same disease.

Studies on patients with LBBB were made in order
to find a pre-stage of COCM which possibly gives
more insight into the course and the aetiology of
COCM and would theoretically offer better chances
for therapy than the advanced stage of the disease.
With regard to their earlier studies in patients with
COCM and LBBB (Kuhn et al., 1974, 1978; Loogen
and Kuhn, 1977), the authors suggest that a pre-
stage of COCM and a pre-symptomatic and early
manifestation of COCM can be present in patients
with LBBB and normal LVEDV. This hypothesis is
based on the following observations. (1) In agree-
ment with others (Blondeau, 1974, Stapleton et al.,
1970) there is a high incidence of complete LBBB
in patients with COCM (nearly 40%, Table 4). (2) In
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former prospective and retrospective ECG studies in
patients with LBBB and COCM, in no case a com-
mon LBBB developed (Kuhn et al., 1974a; Loogen
and Kuhn 1977). (3) A high rate of patients with
dilated ventricle (COCM, dilated cardiomyopathy)
was found in consecutive patients with LBBB, normal
heart size and normal coronary arteries (seven out of
fifty-two patients, see results). (4) Mean age of
patients with LBBB and normal LVEDV (38 years)
was lower than mean age of patients with LBBB and
COCM (47 years) (Table 4). The significant higher
age in COCM with LBBB compared to COCM with-
out LBBB may indicate different aetiological entities.
(5) The study of case histories has revealed the
existence of LBBB in COCM as far back as 22 years
before the onset of signs symptomatic of left heart
failure (Table 3). (6) Investigations in patients with
LBBB, normal LVEDV and normal coronary arteries
revealed a high rate of patients with various abnor-
malities. Some included abnormal elevation of
mean pulmonary artery pressure (MPAP) at
exercise (60%, Figs. 6 and 7) and prolonged minimal
cardiac transit times (MTT (21 %Y), indicating left
heart failure (Vyska et al., 1975; Bonzel et al.,
1976; Kuhn et al., 1978; ULsse and Loogen, in
press); others included right ventricular morpho-
logical changes (total 90°%, severe changes 24%4),
indicating a generalized myocardial disorder that
apparently is not confined to the conduction system
and left ventricle. For these patients (with or without
LBBB) with normal LVEDV, normal inter-ventri-
cular septum and normal posterior wall of left
ventricle but impaired left ventricular function,
mostly demonstrated by abnormal elevated LVEDP
(i.e. MPAP), the term 'latent cardiomyopathy
(LCM)' is proposed. The designation 'latent' is
proposed because in most cases the LVEDP is
elevated only on exercise and, because of the obser-
vations described above, the pre-existence of COCM
in some of the patients may be presumed. The
designation cardiomyopathy is based on the unclear
aetiology and on the detection of abnormalities in
right ventricle from biopsies (Fig. 8). It may be
supposed that LCM is an advanced stage of some
patients with LBBB alone because the mean age of
patients with LCM was significantly higher than
that of patients with LBBB without LCM (38 and
48 years, range 28-55 and 31-61 years respectively).
Also, EF was lower in these than in those with
LBBB without LCM (Fig. 7). A high percentage
(72%/) of abnormal patients with LBBB was
detected by His-BE (prolonged HV-time). The
interpretation of prolonged HV interval in LBBB is
controversial, but there is much evidence that this
finding indicates a diffuse myocardial disorder which
is not confined to the conduction system (Seipel,
Breithardt and Kuhn, 1978). Of significance was the

occurrence of severe microscopic changes in patients
with LBBB without LCM, i.e. without signs of im-
paired left ventricular function (Fig. 8) (five of forty-
three patients with LBBB (24%), three of them being
in the 'LBBB unknown group'); these changes are
usually seen only in cases of advanced cardiac
hypertrophy corresponding to various experimental
and clinical stages of hypertrophied left ventricle
(Ferrans et al., 1974, Ferrans, 1978, Kuhn, Pfitzer
and Stoepel, 1974b). These may be the result of
transient undetected arterial hypertension in some
patients with LBBB (Schneider et al., 1976) or from
former toxic influences, e.g. diphtheritic heart
disease. These severe changes were also observed in
a case of rate-dependent LBBB having a completely
normal ECG in LBBB-free periods. In further con-
sidering the normal haemodynamic and angio-
graphic findings, EMCB seems to be more sensitive
for detecting myocardial disorder in these patients.
Taking all these observations on the possible

early stage and prognosis of COCM into considera-
tion, pre-symptomatic manifestation or pre-stage of
COCM can be suspected in at least some patients
with LBBB. These observations are supported by
studies (Framingham heart study) reported recently
by Schneider et al. (1976) who found that the onset
of LBBB was associated in a high percentage with
subsequent development of congestive heart failure.
The occurrence of severe electronmicroscopic
changes in patients with LBBB, indicating a bad
prognosis in COCM, or the combination of both
LCM and LBBB, possibly indicates subsequent
COCM. Therefore, a new indication for performing
EMCB emerges. Furthermore, it is possible that
LBBB is only a predisposing factor for subsequent
COCM, and only with additional 'specific' influences,
such as arterial hypertension, virus infection, alcohol
or pregnancy will COCM develop (Goodwin and
Oakley, 1972; Kuhn and Loogen, 1978). It seems
necessary that therapeutic advice by the physician to
patients with LBBB considers these aspects especially
in those patients with elevated MPAP at exercise
and/or severe changes of heart muscle biopsy.
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