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Summary

To evaluate the prognostic value of the left ventricular response to isoproterenol infusion in pa-
tients with dilated cardiomyopathy (DCM), 25 patients, 17 men and eight women, were studied.

According to responses of left ventricular function to isoproterenol (0.02 4g/kg/min), the patients
were classified in two groups: the normal response group, in which fractional shortening increased by
more than 10%, (n=10); and the low response group, in which fractional shortening increased by 10%,
or less (n=15). A follow-up spanning four to 40 months with an average of 21 months disclosed that
six patients died, two deteriorated, and six had no change in the low response group, while seven pa-
tients were improved, three stabilized, and no one deteriorated or died in the normal response group.
There was a difference in the clinical courses of the two groups.

Thus, the left ventricular response to isoproterenol proved useful in predicting the course of
DCM.
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cific therapy is not yet available and prognosis Predictive prognostic factors in DCM reportedly

Department of Internal Medicine, Institute of Cli-
nical Medicine, University of Tsukuba, Sakura-mura,
Niihari-gun, Ibarakiken 305

Received for publication April 17, 1987; accepted June 5 1987 (Ref. No. 33-21)

— 749 —



YUKISADA, IIDA, SUGISHITA, et al.

include age, sex, duration of symptoms, al-
cohol consumption and hypertension; cardio-
thoracic ratio on chest radiography ; left ventricu-
lar end-diastolic pressure and volume, cardiac
index, ejection fraction on cardiac catheteriza-
tion; left ventricular end-diastolic dimension
and fractional shortening on echocardiography ;
atrial fibrillation, ventricular arrhythmias and
left conduction delay on electrocardiography ;
cell diameter and percent fibrosis by endomyo-
cardial biopsy*~'V. These are important factors
for patients’ conditions, but they often fail to
predict the clinical course. This suggests that
cardiac evaluations only in the resting state are
inadequate and that additional evaluations under
conditions of stress may be necessary. However,
patients with DCM cannot easily undergo ex-
ercise stress tests, because of the high incidence
of fatal arrhythmias during exercise and dete-
rioration and ensuing heart failure after exercise.
In our institute, instead of exercise, low dose
isoproterenol infusion (0.02 pg/kg/min) under
electrocardiographic monitoring and echocardio-
graphy has been accepted as a preferable stress
test for high risk patients!®»!®. The advantage
of the low dose isoproterenol infusion test is
safety, because the stress is mild and the heart
rate (HR) will return to its pre-infusion level
one or two minutes post-infusion.

In the present study, the clinical courses of
patients with DCM were followed, and the
prognostic significance of the left ventricular
response to isoproterenol infusion was assessed.

Patients and Methods

In the present study, 25 DCM patients, 17 men
and 8 women, whose mean age was 55 years were
observed. Each of the 25 patients had echocar-
diographic left ventricular dilatation evidenced
by enlarged ventricular end-diastolic dimension
(LVDd >50mm), and disordered left ventricular
wall motion evidenced by decreased fractional
shortening (FS<259%,) due to unknown cause.
Patients with specific diseases of cardiac muscle,
infectious or metabolic, systemic diseases of
connective tissue heredofamilial disorders, and
hypersensitivity or toxic reactions were ex-

cluded. History taking and physical examina-
tion were performed for all patients by two
physicians. Interpretations of the electrocar-
diograms, chest radiographs, angiograms, and
other studies were performed by at least two
observers. Functional status of each patient was
judged according to the classification of New
York Heart Association (NYHA). All patients
received posteroanterior and lateral chest radio-
graphy at the initial admission. A cardiotho-
racic ratio of >0.50 was considered evidence
of cardiomegaly by chest radiography. At the
time of admission, 12-lead electrocardiogram
was recorded using simultaneous 3-channel re-
corder. Coronary angiography was performed
for 12 patients with suspected coronary artery
disease, but none had stenosis greater than 50%,
in any of the major coronary arteries or their
branches. Six patients had histories of mild hy-
pertension, and five long term histories of
consuming a small amounts of alcohol. Three
patients had influenza-like symptoms shortly
before the first documentation of cardiome-
galy, but there was no serological evidence of
such involvement. Six patients had mild or
moderate mitral regurgitation with no echocar-
diographic evidence of rheumatic changes in the
mitral valves.

Echocardiographic study:

Echocardiograms were recorded using a Toshi-
ba SSH-11A with a 2.4 MHz transducer focused
at 7.5cm. The M-mode echocardiograms
were recorded using a Honeywell 1219 strip
chart recorder at a paper speed of 50 mm/sec,
together with electrocardiogram and phonocar-
diograms. All echocardiograms were obtained
with patients in a slight left lateral position. The
transducer was placed at the third or fourth in-
tercostal space at the left sternal border. Left
ventricular echocardiograms were monitored by
two-dimensional echocardiography and recorded
at the level of the chordae tendineae just below
the tip of the mitral leaflets. Recordings were
made during held expiration, and care was
taken to avoid involuntary Valsalva maneuvers.
From the recorded echocardiograms, LVDd
and left ventricular end-systolic dimensions
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Fig. 1. Illustrative echocardiograms showing the changes after isoproterenol infusions

in both groups.

FS increases from 169, to 36% in the normal response group (NR: top), and from 129, to 189

in the low response group (LR: bottom).

Abbreviations: NR=normal response group; LR=low response group; IVS=interventricular
septum; PW=posterior wall of the left ventricle; LV =Ileft ventricle.

(LVDs) were measured and FS was calculated
as follows: (LVDd—LVDs)/LVDd x 100.

Infusion of isoproterenol:

Isoproterenol 0.02 pg/kg/min was intrave-
nously infused for five min using a calibrated
infusion pump. During infusion, electrocardio-
grams were monitored simultaneously. Before
and after 5 min infusion of isoproterenol, echo-

cardiograms, electrocardiograms, and phono-
carddiograms were recorded. Blood pressure
(BP) was measured using a cuff and mercury
column sphygmomanometer. When their HR
increased to 859, of their target HR five min
before infusion, the infusion was discontinued
immediately.
Patient’s classification:
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Table 1. Patients’ data

Group Fatient  pge.Sex (NYHA  LVDd  LVDs FS AFS ECG
NR 1 8 M 1 34 42 22 17
2 46 F I 53 36 32 17
3 62 M Il 55 35 25 11
4 53 M I 75 66 12 12 af
5 56 M 1 52 42 25 13 of
6 66 M I 57 43 25 13
7 53 F 1 58 49 16 20 af
8 4 F I 63 53 16 12
9 57 M 1 7 65 16 20
10 49 F 11 60 53 12 16 af
Mean 5248 60+8  48+10 1947 153
LR 11 52 M 11 76 68 11 -3
12 69 F 1 52 38 27 -1
13 64 F 11 64 58 9 9
14 39 M I 50 34 34 9
15 45 M 1 75 70 7 3 af
16 79 M 1 66 58 12 2 af
17 56 M I 79 63 20 4 af
18 61 M 11 67 58 13 5 af
19 57 M 11 77 68 12 6 af
20 62 F I 65 60 8 5
21 68 F I 75 70 10 8 af
22 65 N I 66 53 20 -3
23 65 F I 55 47 15 1 af
24 41 F I 60 57 5 5 of
25 64 M I 84 76 10 -3
Mean 59+11 68+10  59+11  14+7 345

Abbreviations: NYHA =New York Heart Association; LVDd=left ventricular end-diastolic dimension; FS=

fractional shortening; af=atrial fibrillation.

According to the left ventricular response to
isoproterenol, that is, the change of FS (4FS) by
isoproterenol infusion, patients were classified
in two groups: patients with 4FS more than
109, as the normal response group; and pat-
ients with 4FS of 109, or less, as the low res-
ponse group (Fig. 1). Because the average value
of 4FS in normal healthy persons in our pre-
vious study!® was 14+39, after five min in-
fusion of isoproterenol 0.02 pg/kg/min, a 109,
increase of FS was regarded as the discriminat-
ing level.

Evaluation of clinical course:

Follow-up study for a mean of 21 months
(range 4 to 40 months) was performed by analy-
sis of clinical and echocardiographic data. Fol-
low-up extended from the date of the isopro-
terenol infusion test to the latest data collection
at the patient’s death. No patients were lost to
follow-up. The echocardiographic criteria prog-
nostic of patient’s conditions were: @D an in-
crease of FS by more than 59, or a decrease of
LVDd by more than 109, of a preinfusion
value, @ a decrease of FS by more than 5%, or
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Fig. 2. Hemodynamic changes induced by isoproterenol infusion.
Left: changes in systolic blood pressure (SBP). Right: changes in heart rate (HR).
NR=normal response group; LR=low response group; R=rest; I=isoproterenol infusion.

an increase of LVDd by more than 59, or
death. ® No change was signified by no change
of these measurement.

Medications :

Medications during the present study in-
cluded digitalis preparation for 19 patients,
diuretics for 24, and antiarrhythmic drugs for
four (disopyramide, 2; mexiletine, 2). Six pa-
tients received antiplatelet-aggregating agents
(dipyridamole, 4; aspirin, 2). Nitrate was used
for vasodilator therapy in one. Propranolol was
not used, though it is reportedly effective in
some patients with DCM!®.

Statistics:

The data were analyzed using the Student’s
t test. Probability values<0.05 were used to in-
dicate significance of differences. All data were
presented as means=+SDs.

Results

Individual and mean clinical, echocardiogra-
phic and electrocardiographic data are shown in

Table 1. Mean age was 59+6 years in the nor-
mal response group and 53+4 years in the low
response group, and there was no significant
difference between these two groups. At the
times of isoproterenol infusion test, all patients
were in the NYHA class 1 or 2. In the normal
response group, seven patients were in the
NYHA class 1 and three in class 2. In the low
response group, eight patients were in NYHA
class 1, and seven, in class 2. Four of 10 pat-
ients in the normal response group and eight
of 15 in the low response group had atrial
fibrillation.

Hemodynamics

Fig. 2 shows hemodynamic data before and
during isoproterenol infusions. In the normal
response group, HR increased from 67+9 bpm
to 98+20 bpm (p<0.01) and systolic blood pres-
sure (SBP) decreased from 142+20 mmHg to
139+11 mmHg. In the low response group,
HR increased from 72412 bpm to 95+19 bpm
and SBP increased from 114415 mmHg to
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Fig.3. Echocardiographic changes induced by isoproterenol infusion.
Left: changes in left ventricular end-diastolic dimension (LVDd). Right: changes in fractional

shortening (FS).

NR=normal response group; LR=Ilow response group; R=rest; I=isoproterenol infusion.

Table 2. Echocardiographic findings and prog-

Table 3. Left ventricular response to isopro-

nosis ternol and prognosis
LVDd Number of patients Group Clinical course N;r;li)eetftsof
I NC D
50~60 mm 3 5 2 NR Improved 7
61~70 mm 4 3 2 No change 3
1~ mm 1 2 4 Deteriorated 0
LR Improved 1
LVDd=left ventricular end-diastolic dimension; No change 6
I=improved; NC=no change; D =deteriorated. Deteriorated 8
(Death 6)

122+24 mmHg. As SBP showed no significant
change, afterload of the left ventricle post-infu-
sions did not differ significantly from that in
the pre-infusion state.

Echocardiographic findings:

The changes of LVDd and FS are shown
in Fig. 3. In the normal response group,
LVDd was 6048 mm before infusions and 56 +
7mm after infusions. In the low response group,
LVDd was 68410 mm before infusions and

NR=normal response group; LR=Ilow response
group.

66+11 mm after infusions. There were no sig-
nificant differences between the groups before
and after infusions. LVDd values before and
after infusions were nearly the same. FS did
not differ significantly between the two groups
before infusions. FS increased from 19+79%,

— 754 —



to 35499, in the normal response group, and
did so from 14+79, to 17+89%, in the low re-
sponse group. Ventricular premature contrac-
tions developed in nine patients. Results of
analyses of the arrhythmia data will be reported
separately.

Clinical course and prognosis:

The echocardiographic findings and prognoses
of DCM are shown in Table 2. Among seven
patients with markedly dilated left ventricles
(70 mm<LVDd), one was improved, two did
not change, and four deteriorated. Among 11
patients with mildly dilated left ventricle
(50 mm<LVDd < 60 mm), three were improved,
five did not change, and two deteriorated. These
findings suggest that the prognosis is not pre-
dictable by left ventricular dimensions.

Table 3 shows the prognosis of the two groups
classified according to responses to isoproterenol
infusions. In the normal response group, seven
patients were improved, three did not change,
and none deteriorated. No patient died in the
normal response group. However, in the low
response group, only one patient improved,
six did not change, and eight deteriorated. Six
of the deteriorated patients died: three due
to heart failure; two due to arrhythmias; and
one died suddenly of an unknown cause. The
total mortality rate during the present study
was 209%,.

Discussion

The prognosis of patients with DCM is re-
portedly poor. The average yearly mortality rate
of DCM was about 109,34 . However, a recent
study revealed that a considerable number of
DCM patients improved or, at least showed no
change?. In the present study, surprisingly, 17
patients (689,) improved or did not change.
One reason for such favorable prognoses is that
our patients with DCM could be diagnosed at
relatively early stages due to recent advances
in echocardiography. Another reason is that
our observation period was at most 21 months,
which is not enough to induce the conclusion.
Some patients who did not change during this
observation period may be deteriorated sub-

Isoproterenol test in cardiomyopathy

sequently.

Numerous studies have been performed to pre-
dict the outc ome of DCM. Factors predictive of
DCM’s outcome reportedly include age, sex, du-
ration of symptoms, history of alcohol consump-
tion or hypertension ; abnormal cardiothoracic
ratio ; left ventricular end-diastolic pressure and
volume, cardiac index, ejection fraction in car-
diac catheterization ; left ventricular end-diasto-
lic dimension and fractional shortening on echo-
cardiography ; atrial fibrillation, ventricular ar-
rhythmias and left ventricular conduction delay
on electrocardiogram ; and cell diameter and
percent fibrosis in endomyocardial biopsy*~11.
But none of these factors has been generally
accepted. Fuster et al® followed up 104 patients
with DCM and showed that cardiothoracic
ratios on chest radiography and the cardiac in-
dex were highly predictive of the clinical course.
Their study suggested the prognostic import-
ance of left ventricular dimension and contract-
ility at rest. However, a recentstudy showed
improvement among some cases who had
severely depressed contractility of their left vent-
ricles at their first admission®. Another study
refuted such prognostic efficiency of left vent-
ricular dimensions®. In the present study, four
of eight patients with markedly dilated left
ventricles (LVDd>70 mm) deteriorated, three
remained unchanged, and one improved. Two
of 10 patients with mildly dilated left ventricles
deteriorated, five remained unchanged, and three
improved. This finding indicates that some
patients’ conditions may deteriorate, even though
their cardiac dimen sions are not so large. This
suggests that it is difficult to determine the
prognosis using cardiac evaluations only in the
resting condition. Evaluations during exercise
are thought to be necessary. However, patients
with DCM are at high risk during exercise stress
tests, since fatal ar rhythmias can often occur
during such exercise and heart failure might
become more severe after exercise.

In our institute, a low dose isoproterenol in-
fusion test has become an accepted stress test
for high risk patients!%!®. Isoproterenol is the
most active sympathomimetic amines which act
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nearly exclusively on S receptors. It has such
strongly positive inotropic and chrono tropic
effects that it increases myocardial oxygen con-
sumption. It has therefore been used for dia-
gnosing ischemic heart disease!?!®. The main
advantage of the low dose isoproterenol stress
test is its safety.!!» Hemodynamic parameters
return to pre-infusion levels one or two min
after the drug is discontinued. Another ad-
vantage is that clear echocardiographic images
can be obtained and cardiac function can be
monitored during the stress test. We have
shown that left ventricular response to isopro-
terenol can determine the prognosis of DCM.
FS, one of the parameters of the ejection phase,
is dependent on afterload. However, since there
were no significant differences in left ventricular
dimensions or blood pressures between the two
groups, we have discussed left ventricular re-
sponse according to FS.

Bristow et al. advanced a hypothesis that cate-
cholamine sensitivity and S-adrenoreceptor den-
sity were decreased in the failing human
heart6:1?., The mechanism was thought to be
that the levels of circulating catecholamine in
the patients with symptomatic congestive heart
failure were sig nificantly higher than those in
normal controls, and that exposure to elevated
levels of antagonists resulted in decreases of
the total numbers of receptors. A depressed left
ventricular response to isoproterenol might be
partially due to ‘““down-regulated’” 8 receptors.

The prognostic variations in DCM are thought
to be partially related to diverse etiologies. The
etiology of DCM remains unknown, but cur-
rent knowledge suggests that no single etiologi-
cal agent will emerge, and that other multiple
factors are probably concerned with this disease.
Possible etiologies include metabolic defects!®,
toxins!?, microvascular spasm?®, myocarditis??,
immunological disturbances and disturbances of
adrenergic receptors. Several studies have
shown prognostic significance of etiologies. One
study suggested that alcohol-associated heart
failure had a favorable prognosis, while peri-
partum cardiomyopathy patients may have the
greatest one-year mortality®19. In the present

study, the prognosis of patients who had his-
tories of relatively large alcohol consumption or
influenza-like symptoms immediately prior to
the development of cardiac symptoms was fa-
vorable. Patients without any etiological char-
acteristics tended to have relatively poor prog-
nosis. Therefore, the etiology of DCM may
have prognostic significance. In the present
study, information concerning the etiological
contribution in DCM could not be obtained.

Medications are one of major factors influenc-
ing DCM patients’ prognosis. In the present
study, the main treatment for DCM patients con-
sisted of diuretics and digitalis to reduce cardiac
preload and to enhance cardiac contractility.
Their doses were adjusted to the patients’
changing conditions. Although drugs which re-
duce cardiac afterload are reportedly effective in
the treatment of congestive heart failure?-24,
all but one patient did not receive them be-
cause hypotension was present or because their
congestive heart failure was controlled only by
diuretics and digitalis. Anticoagulation therapy
was used in cases at risk of developing embolic
disease. Other treatment such as immunosup-
pressive therapy or B-adrenergic blockade was
not used for the patients in the present study,
because their therapeutic efficacy has not been
established. All patients were treated in our
hospital or affliated hospitals; therefore, differ-
ences in therapy are not thought to influence
their prognosis to an appreciable extent.

In summary, the prognostic value of isopro-
terenol was assessed in patients with DCM.
Compared to patients in the normal response
group, those in the low response group had
poor prognoses. During the 21 months follow-up
period, left ventricular responses to isoproterenol
were predictive of prognoses.
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