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Summary

To evaluate the significance of left ventricular (LV) hypertrophy in patients with dilated cardio-
myopathy (DCM), 50 patients seen between 1976 and 1983 were studied echocardiographically. We
categorized the patients as four groups according to the degree of LV dilatation or hypertrophy. Group
consisted of 17 patients with mild to moderate LV dilatation without hypertrophy (LV end-systolic
I dimension: Ds< 60 mm, LV wall thickness at end-systole: WTs<15 mm). Group II, 12 with mild
to moderate LV dilatation and hypertrophy (Ds <60 mm, WTs=15 mm). Group III, eight with marked
LV dilatation and hypertrophy (Ds=60 mm, WTs=15 mm), and Group IV, 13 with marked LV
dilatation without hypertrophy (Ds=60 mm, WTs<15 mm). Twenty patients had LV hypertrophy
and 30 patients were without LV hypertrophy at the start of this study. New York Heart Association
functional classes, cardiothoracic ratio and ECG findings at the first study did not show any statistically
significant differences among the four groups.

During the prospective follow-up of 2.7 years in average, eight patients died of congestive heart
failure including five of Group IV, and three of Group I who had progressive LV dilatation. Three
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patients of Group I, II and III died suddenly. Ambulatory ECGs showed life-threatening ventricular

arrhythmias in all 32 patients studied.

In conclusion, the presence of wall hypertrophy in DCM may be an important protective factor
to the fatal congestive heart failure, whereas sudden and unexpected death due to serious arrhythmias
may occur in any patient with DCM irrespective of the wall thickness. Thus, intensive antiarrhythmic

therapy is mandatory in any category of DCM.
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Cardiomyopathy is defined as heart muscle
diseases of unknown cause and Goodwin’s
classification into congestive, hypertrophic and
restrictive cardiomyopathy has been widely
accepted?. More recently, the term ‘“dilated”
has been substituted for ‘“‘congestive” as the
preferred terminology, that is, dilated cardio-
myopathy? (DCM). DCM remains a clinical
challenge because the cause is unknown, the
natural history is ill-defined and the response to
therapy is generally unsatisfactory. There have
been several studies comparing the clinical
features and hemodynamic findings with prog-
nosis in DCM?3~12, We evaluated the role of
echocardiography in detecting deteriorated left
ventricular (LV) performance’® in DCM and
elucidated a factor influencing its prognosis.

Materials and Methods

The study population consisted of 50 patients
who were referred to our hospital for the evalua-
tion of heart disease between January 1976 and
January 1983. There were 41 male and 9 female
patients, and their ages ranged from 16 to 64
years. Diagnoses were recorded according to the
report of the WHO/ISFC task force on the
definition and classification of cardiomyo-
pathies?. Thirty-three patients underwent left
and right cardiac catheterization, left ventri-
culography and coronary cineangiography. Rest-
ing intracardiac pressures were recorded. The
cardiac index was determined by the Fick meth-
od. LV ejection fraction was obtained by
planimetric volume calculation from single plane
left ventriculogram. Coronary cineangiograms
were taken in multiple projections. Diagnoses
were confirmed by autopsy in 11 patients.

Left ventricular hypertrophy

Prognosis

Patients with systemic hypertension, coronary
artery disease and specific heart muscle disease
were excluded from this study. Treatment
with digitalis and diuretics was started in all
50 patients after the initial data acquisition.
Vasodilator therapy was offered to 12 patients
with congestive heart failure (CHF) who were
severely compromised despite the treatment
with digitalis and diuretics. All patients were
subjected to a prospective follow-up study
including physical examinations, 12-lead ECG,
chest X-ray, 24-hour ambulatory ECG monitor-
ing and echocardiography. Functional status
was classified according to the criteria of the
New York Heart Association (NYHA)¥. The
follow-up period was from 1 to 7 years and
2.7 years in average.

Echocardiograms were recorded with either
a Toshiba Sonocardiograph 01A or a Toshiba
SSH-11A two-dimensional echocardiograph in-
terfaced with a Honeywell line-scan recorder
Model FR-06A. We measured LV end-diastolic
dimension and end-systolic dimensions (Dd and
Ds) at the peak of the R wave and at the
onset of aortic component of the second heart
sound, respectively, and calculated LV percent
fractional shortening (4D), an echocardio-
graphic ejection index of LV performance, as
follows: 4D =[(Dd—Ds)/Dd] x 100%. Interven-
tricular septal thickness (IVST) and LV posterior
wall thickness (PWT) were measured at both
end-diastole and end-systole. LV wall thickness
at end-diastole (WTd) and at end-systole (WT's)
were calculated as follows: WTd=(IVSTd+
PWTd)/2, and WTs=(IVSTs+PWTs)/2. LV
relative wall thickness, expressed as the ratio
of Ds to WTs (Ds/WTs), was calculated. We
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made efforts during echocardiographic examina-
tions to minimize the variability in L'V measure-
ments!®. First, the left ventricle was always
recorded from the same interspace. Second, the
patient’s upper body was always positioned in
the same degree of left lateral tilt. Third,
recordings were made at the same respiratory
phase. Finally, by reviewing records, similar
places within the left ventricle were selected for
the serial measurements.

Thirty-two patients underwent 24-hour am-
bulatory ECG monitoring during the follow-up
periods. A precordial bipolar ECG was recorded
continuously for 24 hours on a magnetic tape
system (Avionics, Model 447) without the use
of antiarrhythmic agents. The recorded tapes
were analyzed using an Avionics Dynamic
Electrocardioscanner (Model 9500). A Lown’s
grading system'® was used for classifying
ventricular arrhythmias. Grade 1, <30 uniform
premature ventricular contractions (PVCs) in
any hour of monitoring, Grade 2, =30 uniform
PVCs in any hour of monitoring, Grade 3,
multiform PVCs, Grade 4A, couplets, Grade 4B,
ventricular tachycardia, and Grade 5, R on T,
defined as having a prematurity index RR’/QT
<1. The values were expressed as mean+S5.D.
and the results were tested by student’s test.

Echocardiographic classification of DCM

We categorized the patients as four groups ac-
cording to the initial echocardiographic param-
eters (Fig. 1) based on our preliminary study'?,
in which the echocardiographic LV dimensions,
particularly Ds were regarded as good param-
eters in leading fatal congestive heart failure.

Group I: 17 patients with mild to moderate
LV dilatation without hypertrophy (Ds< 60 mm,
WTs<15 mm); Group II: 12 with mild to
moderate LV dilatation and hypertrophy (Ds
<60 mm, WTs=15 mm); Group III: 8 with
marked LV dilatation and hypertrophy (Ds
>60 mm, WTs=15mm); and Group IV: 13
with marked LV dilatation without hypertrophy
(Ds=60 mm, WTs<15 mm). LV hypertrophy
(WTs=15mm) was found in 20 patients, and
none in 30. Twenty-one patients had marked
LV dilatation (Ds=60 mm), and it was mild to

LV hypertrophy in dilated cadiomyopathy

WTs (mm)
Group I Group I
1 2 cases 8 cases
(24°%) (16°%)
15
Group | Group IV
17 cases 13cases
(34°%) (26°%)
0
) 60 Ds(mm)

Fig. 1. Relation between Ds and WTs in 50 pa-
tients with dilated cardiomyopathy at the initial
study.

Ds=LV end-systolic dimension; WTs=LV wall
thickness at end-systole.

moderate in 29 (Ds< 60 mm).

Results

1. Clinical and angiographic findings at the
entry of this study

Twenty-eight patients were in NYHA func-
tional class II, 19 in class III and 3 in class IV
(Fig. 2). In Group I, 12 of 17 patients were in
class II. Cardiothoracic ratios (CTR) were
60+79% in the study population, and CTRs in
the first study in each Group were 56+7 (mean
+8D), 62+6, 61+7, and 61 +8%, respectively.
Numbers of ECG lead showing abnormal Q
waves in the study population in each were
09+1.6, 1.4+2.4, 0.8+1.3, 0.3+0.5, and
0.7+1.1 leads, respectively. The voltage of
Svi+Rv; in the study population and each
Group was averaged 3.4+1.7,3.3+1.8,3.4+1.4,
43+1.8, and 2.9+1.7 mV, respectively. Thus
NYHA functional class, CTR and ECG findings
had no statistically significant difference among
4 groups. Cardiac catheterization and angio-
graphy revealed that cardiac index of 2.8+0.9 [/
min/m?, pulmonary capillary wedge pressure of
16+10 mmHg, and LV ejection fraction of
37+129% in 33 patients. There were no statis-
tically significant differences among four groups.

2. Echocardiographic findings at the entry
of this study

Echocardiographic results are summarized in

— 117 —



HAYAKAWA, YOKOTA, KUMAKI, et al

CTR(%) CTR(%) CTR(*%) 637 CTR(*%) CTR(%)
NYHA NYHA NYHA NYHA NYHA ’° e2ze  lerer B I ol S PO
1 « ] I LA | I bid
2
5647 Sc18
*
RAd L 444 ke
Ak Arirde i
npEEE gl onfad P oopaowoofa mmooffER HEEOCT) YOS “ iy “
bk faaed s d :im
L2 Lid .:. :&‘:‘. i
m i wx ] Poiel - M}t wex ** [ i juj :,*" o'l
i 50 50 50 50 50
whw kA
V| o« v N[ ow I ] ] ]
FIRST  LAST FIRST  LAST FIRST LAST FIRST  LAST FIRST LAST tret e Cmmr st et et O rrer Gt
STWY  STuov ST STuoY STWOY  STUOY STWOY  STuDY SOV stov SWOY STV STUDv SV STUDY STUW  SnbY SnBY  SIoy SBv
Group | Group Group B Group IV All cases Group | Groupll Groupl Group IV All cases
SWi#Rvs(mv) S+ Rws(mv) Swr* Rvs(mv) Svr+Rws(mv) Swi+Rw(mV)
o . j6.308 "9
leads leads leads leads leads & § &
2 2 2t 2t 2 33418 34016 34217
s T 5[34d4 S S S
29117 28
32811
+ 241,
14324 13418 4 4 4 4 2634 4
3 3 3 3
3 I 1, )9H!
1 192 1 0.841.3 1 1 170916 09417
2
07411 ] : ? : 2
0.3t05
04412 ' ' i |J '
0 (0] 0
FIRST  LAST FIRST LAST FIRST LAST FRST  LAST FIRST LAST FIRST (AST 0 0
StoY  STor SToY STor STUOY STy STUDY  STUOY STGY  STUOY SUDY S oo Shby ey a3 Soor Stor oSt ST
Group | Group I Group 1 Group IV All cases Group | Groupll Groupll GroupV All cases

Fig. 2. NYHA functional class, CTR, number of ECG leads showing abnormal Q wave

and Sv,+Ry; voltage at the initial and last study.

Table 1. By definition, Dd of Group III and
IV were significantly greater than that of Group
I and II. Ds of Group III and IV was significant-
ly greater than that of Group I and II. 4D of
Group III and IV was significantly smaller
than that of Group I and II. WTd of Group II
and III was significantly greater than that of
Group I and IV. WTs of Group II and III was
also significantly greater than that of Group I
and IV. In general, Ds/WTs in Group I, II,
III, and IV was significantly different each other.

3. Ambulatory ECG findings

Prevalence of ventricular arrhythmias was
shown in Fig. 3. All 32 patients had complex
PVCs (Lown grading 3 or 4). Twenty-eight
patients had couplets or ventricular tachycardias
(Grade 4) and four patients had multifocal PVCs
(Grade 3). The prevalence of Grade 4 arrhy-

thmias in Group I, 11, I1I, and IV was 89, 100,
75 and 75%, respectively.

4. Follow-up data

Changes in echocardiographic parameters
were observed in nine patients (Fig. 4). Three
patients in Group I and two in Group II had
progressive LV dilatation. Two patients in
Group III and one in Group IV had regression
of LV dilatation. On the other hand, no patients
had progression or regression of LV hyper-
trophy except one patient in Group I, who
showed progressive LV hypertrophy and was
finally categorized as Group II. Eight patients
who died of congestive heart failure during the
follow-up period included five patients in Group
IV and three in Group I. The latter three pro-
gressed to Group IV and died. No patient with
LV hypertrophy (Group II and III) died of
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Table 1. Echocardiographic findings at the entry of this study

Group I  Group II Group III Group IV All cases p value

Dd (mm) 63+3 64+8 7646 7246 68+8 p<0.001 TvsIII, IvsIV
p<0.005 II vsIII
p<0.01  ILvsIV

Ds (mm) 51+5 50+7 6644 6448 57+9 p<0.001 I vsIII, IvsIV

11 vs 111, IT vs IV
4D (%) 19+6 21+8 13+4 11+4 17+7 p<0.005 Ivs IV, IIvsIV

p<0.05 I vs III, IT vs III

WTd (mm) 10+1 13+2 12+2 9+1 11+2  p<0.001 T wvsII, IvsIII

I vs IV, 111 vs IV
WTs (mm) 13+2 17+3 17+2 1242 14+3 p<0.001 TvsII, I vs III

11 vs IV, III vs IV
Ds/WTs 4.0+0.4 3.1+0.8 4.24+0.8 5.7+1.4 4.34+1.3 p<0.001 IvsII, IvsIV, IIvsIV

p<0.01 IIlvs IV
p<0.02 1T vs 111

Db=LV end-diastolic dimension; Ds=LV end-systolic dimension; JD=LV percent fractional shortening;
WTd=LV wall thickness at end-diastole; WTs=LV wall thickness at end-systole.

FIRST LAST
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100 Group | 17 13
90f
80 Group II 12 12
70
60 AN
Group 1 8 == 7
50
40|
. GroupIV | 13 15
20
10 3 8
0 ] SUDDEN CHF
Group!  Groupll Groupll GrouplV All cases DEATH DEATH
Fig. 3. Ambulatory ECG findings in 32 patients. Fig. 4. Breakdown of 50 patients during the
For classifying ventricular arrhythmias, Lown’s follow-up period.
grading system is used. CHF = congestive heart failure.
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Fig. 5. Dd, Ds, 4D and WTs at the initial and last studies.

heart failure. Three patients of Group I, I and
I1I experienced sudden deaths.

Two patients were in NYHA functional class
I, 31 in class II, five in class III, and nine in
class IV in the latest study (Fig. 2). Seven
patients initially in functional class IIT in Group
IV experienced deterioration and progressed to
class IV in the latest study.

CTR in all cases averaged 60+7 and 57+119%
at the initial and the latest study, and no sig-
nificant changes were observed. At the latest
study, the CTR among four groups had no sig-
nificant difference.

The number of ECG leads with abnormal Q
waves in all cases was 0.9+1.6 at the initial
study and 0.9+1.7 leads at the last study, and
there was no statistical difference among the four
groups at the last study.

ECG voltages of Sv;+Rvs in all cases averaged
3.4+1.7 mV at the initial study and 3.2+1.6 mV
at the latest study, giving no statistical dif-
ference among the four groups at the last
study.

Dd, Ds, 4D and WTs did not change signifi-
cantly during the follow-up period (Fig. 5), and
did not have a statistical difference among the
four groups at the latest study.

Discussion

1. LV hypertrophy and its prognostic signifi-
cance

Most of the previous studies emphasized
exclusively the significance of LV dilatation in
terms of the cardiac dysfunction in DCM, but
did not focus the potential importance of LV
hypertrophy. However, the development of hy-
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pertrophy was regarded as one of the im-
portant factors for predicting prognosis by
Feild et al?, who assessed LV function and
hypertrophy using invasive technique in 36
patients with DCM and concluded that not only
LV ejection fraction but also ratio of LV mass/
volume, a relative degree of LV hypertrophy,
closely related to the postcatheterization course.
Hatle et al® reported that an angiographical
increase in LV wall thickness was closely related
to better prognosis. Das et al'® also reported a
favorable response to vasodilators in DCM
with LV hypertrophy using echocardiography.
The pathologic study by Benjamin et al'®
revealed that patients of DCM with compen-
satory LV hypertrophy had more favorable
prognosis.

LV relative wall thickness, expressed as the
LV volume/mass or LV dimension/wall thick-
ness ratio, has provided important diagnostic
and prognostic informations in patients with
heart diseases!®. This parameter has a constant
relation with LV systolic pressure in subjects
with a normal heart and physiologic forms of
cardiac hypertrophy. Greatly increased values,
suggesting inadequate hypertrophy, indicate a
poor prognosis, as in the cases of chronic aortic
regurgitation.

The follow-up results in the present study
indicate the importance of LV hypertrophy to
the prognosis of DCM. Eight patients who died
of congestive heart failure did not have LV
hypertrophy throughout the follow-up period
and the patients with LV hypertrophy (Groups
IT and IIT) never died of heart failure. It
was, therefore, postulated that patients with
acquired compensatory hypertrophy may survive
longer than those without LV hypertrophy, and
that the increased wall stress might be an im-
portant factor to the prognosis. This, in turn,
indicates that the echocardiography is highly
recommended in the early detection and manage-
ment of high risk patients.

2. Ventricular arrhythmia and prognosis

Ambulatory ECG monitoring has been useful
in detecting and evaluating the significance of
cardiac arrhythmias in terms of the prognostic

LV hypertrophy in dilated cadiomyopathy

significance of patients with coronary artery
disease or hypertrophic cardiomyopathy!6:20,20),
However, in patients with DCM, little is known
about the incidence of ventricular arrhythmias
and their significance. Huang et al?? reported
that 779% and 609% of 35 patients with DCM
had multifocal PVCs and ventricular tachy-
cardias, respectively. Our study demonstrated
life-threatening ventricular arrhythmias in all
patients studied, and a higher prevalence of
complex PVCs than that of Huang et al. Three
patients experienced unexpected, sudden death
during the follow-up period. Each patient was in
Group I, IT and III, at the initial study and
sudden death was considered independent of
the various echocardiographic findings. Thus,
intensive antiarrhythmic therapy is mandatory
in all patients with DCM.
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