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Objectives. The myocardium has 2 functions in vivo, that of pump and endocrine organ. Therefore,
simultaneous examinations of cardiac systolic reserve and endocrine reserve are important in evaluating
the activities of the myocardial cells. This study investigated the relationship between cardiac systolic
reserve and secretion of atrial natriuretic peptidel ANPCIn response to isoproterenol infusion in patients
with dilated cardiomyopathy.

Methods. Isoproterenol was infused intravenously in 6 healthy individual§ control grouplCand 32
patients with dilated cardiomyopathy. The left ventricular systolic responses and plasma ANP concentra-
tions were measured.

Results. Patients with dilated cardiomyopathy were classified into 2 groups: patients with a good
responsel change in fractional shorteningd 7%, 17 patientsland those with a poor responsél change inH
7%, 15 patients[] There was no significant difference in end-diastolic dimension, fractional shortening,
heart rate, or systolic blood pressure between the 2 groups of patients with dilated cardiomyopathy at rest.
The resting plasma ANP concentration in the poor-response groupl 88.8+ 59.0pg/mlCivas significantly
higher than that in the other 2 groupd good: 47.0+ 35.9pg/ml, pO 0.05, control: 9.8+ 4.1pg/ml, pO
0.01, respectively The percentage change in ANP after isoproterenol infusion in the poor-response group

00 7.1+ 16.7%was significantly less than that in the other 2 groups good: 12.6+ 27.3%, pOd 0.05,
control : 31.5+ 24.6%, pd 0.01, respectivelyl

Conclusions. The resting plasma ANP concentration can be used to evaluate the cardiac systolic reserve
in patients with dilated cardiomyopathy. Decreased myocardial systolic reserve is also associated with
impaired ability to secrete ANP.
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thesize substantial amounts of ANP in patients with

INTRODUCTION dilated cardiomyopathy®'®”. The infusion of syn-

Plasma atrial natriuretic peptidel ANPLtoncen- thetic ANP significantly decreases the pulmonary
trations are increased in patients with congestive capillary wedge pressure and increases the stroke
heart failure™>". The atria and ventricles can syn- volume index in patients with congestive heart fail-
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ure®. Therefore, increased plasma levels of ANP
may help to improve hemodynamic deterioration in
chronic heart failure. ANP measurements may be
useful to evaluate the severity of symptoms and
cardiac dysfunction in patients with chronic heart
failure. Evaluation of the left ventricular responses
to adrenergic stimulation is also useful in predicting
the course of dilated cardiomyopathy’®”**", The
myocardium has 2 functions in vivo, as a pump and
an endocrine organ. Therefore, simultaneous exam-
inations of cardiac systolic reserve and endocrine
reserve are important in evaluating the activities of
the myocardial cells. However, there is no consen-
sus about the relationship between changes in car-
diac systolic function and changes in ANP secre-
tion with adrenergic stimulation in patients with
dilated cardiomyopathy.

We studied the relationship between cardiac sys-
tolic reserve and ANP secretion by determining the
changes in left ventricular systolic responses to iso-
proterenol and the ability to secrete ANP in
response to isoproterenol infusion in patients with
dilated cardiomyopathy.

SUBJECTSAND METHODS

Patients

Six healthy individual&l control groupCand 32
patients with dilated cardiomyopathy admitted to
Tsukuba University Hospital or followed in the out-
patient clinic were studied. Patients were aged from
32 to 78 year8l mean age: 57+ 12 yearsCand
included 20 men and 12 women. The diagnosis of
dilated cardiomyopathy was based on findings
obtained at echocardiography or cardiac catheteri-
zation using the following criteria: left ventricular
dilationl left ventricular end-diastolic dimension
B 55mm oriH 36 mm/mé] body surface areal]
1.35m*[[]; impaired systolic function defined as an
M-mode fractional shortening(d 25%; and absence
of coronary artery disease, severe valvular heart
disease, severe systemic hypertension, cor pul-
monale, chronic systemic disease involving the
heart muscle, and increased alcohol intake.
Coronary angiography was performed in 25 of 32
patients, and no significant coronary lesions were
detected. The remaining 7 patients had no clinical
history to suggest ischemic heart disease. Clinical
characteristics of the patients are summarized in
Table 1. Five patients were in New York Heart
Association functional classld, 20 in class[] , and
7 in class] . Among the 32 patients, 24 were in

Table 10Clinical characteristics of control and dilated
cardiomyopathy groups

Control group DCM group

OnOe0  Onozen  Pvave
Agd yr0l 38+ 12 57+ 12 0001
Sek] males/femalesl] 412 20/12 NS
Atrial fibrillation /6 8/24 NS
DA mm0 47+ 9 63t 6 0001
D& mm0) 31+ 8 55+ 6 0001
FS %0 36 7 14+ 5 0001

Continuous values are meant SD.
DCMUO dilated cardiomyopathy ; DA end-diastolic dimension;
Ds[ end-systolic dimension; FSO fractional shortening.

sinus rhythm and 8 had atrial fibrillation.
Concerning concurrent agents, diuretics were pre-
scribed for 23 patients, angiotensin-converting
enzyme inhibitors for 16, digitalis for 9, and calci-
um channel blockers for 2. The patients did not
receive3 -blockers before the isoproterenol stress
test. The study was explained to each patient and
informed consent was obtained.

Echocar diographic studies

All 6 healthy individuals and 32 patients under-
went real-time two-dimensional and M-mode
echocardiographic examination. M-mode and
cross-sectional echocardiograms were obtained
with a Toshiba SSH-160A, SSA-380A or SSA-
390A ultrasonoscopél Toshiba Co.Cequipped with a
2.5- or 3.75-MHz transducer and a Toshiba line
scan recorder, LSR-100A. The paper speed was
50mm/sec. Left ventricular echocardiograms were
obtained at the level of the chordae tendineae just
below the tips of the mitral leaflets using two-
dimensional echocardiographic guidance.
Electrocardiograms and phonocardiograms were
recorded simultaneously with the echocardiograms.
Fractional shortening was calculated ad left ven-
tricular end-diastolic dimensionl mmCL] left ven-
tricular end-systolic dimensionl mmCIlleft ventric-
ular end-diastolic dimensionl mmx 100 %[1

I soproterenal stress echocar diography

The isoproterenol test was performed in the
afternoon in all 6 healthy individuals and
32 patients using a previously described tech-
nique™® *71%% Briefly, the patient lay in the supine
position in a darkened room and isoproterenol was
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infused intravenously for 5min through an antecu-
bital vein at doses of 0.01 and 0.02u g/kg/min
using a calibrated infusion pump. During isopro-
terenol infusion, electrocardiogram monitoring was
performed continuously. Blood pressure was also
measured with a mercury column sphygmo-
manometer at rest and during isoproterenol infusion
every one minute. M-mode echocardiography was
performed before and immediately after isopro-
terenol infusion using a line scan recorder at
50mm/sec. The change in the fractional shortening
with isoproterenol infusion was determined as frac-
tional shortening immediately after isoproterenol
infusion at a doses of 0.02u g/kg/minl %11 frac-
tional shortening at rest %[

Plasma atrial natriuretic peptide concentration

Venous blood samples were obtained from the
antecubital vein via an indwelling butterfly needle
after the patients had rested in the supine position
for 20 min and again at the end of the protocol to
measure plasma ANP concentrations. Plasma ANP
concentrations were determined by immunoradio-
metric assay. The minimal detectable level of ANP
was 5pg/ml.

Statistical analysis

Data were presented as meant standard devia-
tion. Significant differences were determined with
the paired or unpaired t-test as appropriate.
Differences in freguencies were analyzed with the
Fisher’ s exact probability test or the chi-square sta-
tistic test. Statistical calculations were performed
using Statview software. A p value of 0 0.05 was
considered statistically significant.

RESULTS

I soproterenal stress echocar diography

In the control group, the change in fractional
shortening with isoproterenol ranged from 14% to
20%I mean: 17+ 2%l In patients with dilated
cardiomyopathy, the change in fractional shorten-
ing with isoproterenol infusion ranged from 3%
to 15%l mean: 7+ 4% In this study, the criterion
for a good response to isoproterenol was defined as
all 7% increase in fractiona shorteningl the mean
value in patients with dilated cardiomyopathy
The patients with dilated cardiomyopathy were
divided into 2 groups: patients with a good
responsél change in fractional shorteningd 7%;
good-response grouplCand those with a poor
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Table 20 Patient characteristics

Good-response  Poor-response

groupl n 170 group! nOJ 15001 pvalue
Agel yrQd 55+ 13 59+ 10 NS
Sekl males/females] 13/4 7/8 NS
NYHA clasSiODO 00O 3/12/2 2/8/5 NS
In-/outpatients 12/5 12/3 NS
Atriad fibrillation 5 3 NS
Ddl mmO 63+ 7 64+ 5 NS
D&l mmQ 54+ 8 55+ 4 NS
F8 %0 14+ 5 13+ 5 NS
AFE8 %[0 10+ 2 4+ 3 00.01
Diuretics 13 10 NS
ACE inhibitors 9 7 NS
Digitalis 6 3 NS
Cachannel blockers 2 0 NS

Continuous values are meant SD.

NYHAO New York Heart Association; A ES0 change in
fractional shortening with isoproterenol infusion; ACEO
angiotensin-converting enzyme; Call calcium. Other abbrevia-
tionsasin Table 1.

responsél change in fractional shorteningg 7%;
poor-response groupll Fifteen of the 32 patients
with dilated cardiomyopathy had a poor response
and 17 had a good responsel Table 200 There was
no significant difference in the left ventricular rest-
ing end-diastolic dimension, the left ventricular
resting end-systolic dimension, resting fractional
shortening, New York Heart Association functional
class, the number of outpatients or inpatients, and
incidence of atrial fibrillation between the 2 groups
of patients with dilated cardiomyopathi Table 2[1
Diuretics were prescribed to 13 of 17 patientsin the
good-response group and to 10 of 15 patientsin the
poor-response group. Angiotensin-converting
enzyme inhibitors were used in 9 of 17 patientsin
the good-response group and in 7 of 15 patients in
the poor-response group. Digitalis was prescribed
for 6 good-response patients and 3 poor-response
patients. Calcium channel blockers were prescribed
for 2 good-response patients. There were no differ-
ences in medication between the 2 groups of
patients with dilated cardiomyopathy] Table 2[1 In
addition, there was no difference in heart rate or
systolic blood pressure either at rest or immediately
after isoproterenol infusion between the 3 groups
O Table 30 In response to isoproterenol infusion,
the heart rate increased significantly pO 0.0100
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Table 30 Heart rate and systolic blood pressure at rest and immediately after isoproterenol infusion

in 3 groups
Control group Good-response group Poor-response group
Before  After ISP Before  After ISP Before  After ISP
Heart ratél beatsmin(] 67+ 9 104+ 177 + 12 107+ 25° 70+ 16 110+ 36°0
SBE mmHgQ 117+ 10 128+ 19 19 125+ 38 109+ 21 108+ 24
“pO 0.01 vs before I SP.
I SPO isoproterenol ; SBPO systolic blood pressure.
——— p001 ———— P <0.01————
<0.01  NS—
———— P -1 60 1
P05 50 [—P<0.05—
[— P<0.05— 40
— p<0.05 /1 — p=0.056 1 3 30 -
160 Ip=0.059] —NS— — NS— : 204
140 % 10 Poor-response
40 T rou
s 2 A oo
E 1204
2 100- -10 Control Good-response
N 20 group group
Z 80
© -30-
% 60 Fig. 2 Percentage change in atrial natriuretic peptide
o 40 after isoproterenol infusionl %A ANPO
Abbreviation asin Fig. 1.
20
o_ﬁ—

Control Good-response  Poor-response
group group group

EI Before ISP infusion . After ISP infusion

Fig. 1 Plasma atrial natriuretic peptide concentrations
both at rest and immediately after isoproterenal
infusion
ANPO atrial natriuretic peptide. Other abbreviation as
inTable 3.

although the systolic blood pressure did not change
inall 3 groups Table 301

Plasma atrial natriuretic peptide concentrations
and changesin response to isoproterenol

Our data indicate that cardiac systolic reserve as
assessed by isoproterenol stress echocardiography
is related to resting plasma ANP concentrations and
percentage change in ANP after isoproterenol infu-
siohl ] Plasma ANP immediately after isopro-
terenol infusiond plasma ANP before isopro-
terenol infusiontJplasma ANP before isoproterenol
infusiondx 1001 %[T]

Fig. 1 summarizes the plasma ANP concentra-

tions before and immediately after isoproterenol
infusion in the poor-response, good-response, and
control groups. At rest, the plasma concentration of
ANP in the poor-response groupl 88.8+ 59.0
pa/mlCwvas significantly higher than in both good-
responsel 47.0+ 35.9pg/ml, pO 0.05Cand control
09.8+ 4.1pg/ml, pd 0.01Chroups. Immediately
after isoproterenol infusion, the plasma concentra-
tion of ANP in the poor-response groupl 83.5+
58.4 pg/mivas significantlyy pd 0.01Chigher than
in the control grouf) 12.4+ 4.6 pg/miCand tended
to be higher than in the good-response group
049.9+ 35.8pg/ ml, pO 0.056; Fig. 11 Plasma
concentration of ANP in the good-response group
was significantlyl pO 0.05Chigher than in the con-
trol group before and after isoproterenol infusion.
The plasma ANP concentration after isoproterenol
infusion tended to be higher than that before the
infusion in the control group! pOd 0.059; Fig. 101

The percentage change in ANP after isopro-
terenol infusion in the poor-response group
00 7.1+ 16.7%0was lower than in the control
groufl 31.5+ 24.6%, pd 0.01CaAnd in the good-
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response groupl 12.6+ 27.3%, pO 0.05; Fig. 20
The change in ANP secretion with isoproterenol
infusion was not associated with aging in the con-
trol group! data not shown(l

DISCUSSION

Our results indicate that cardiac systolic reserve
isinversely related to resting plasma ANP concen-
tration in patients with dilated cardiomyopathy.
Resting plasma ANP concentration in patients with
dilated cardiomyopathy is correlated inversely with
the percentage increase in the cardiac index in
response to adrenergic stimulation'™, but heart rate,
systolic blood pressure, left ventricular end-dias-
tolic volume, and incidence of atrial fibrillation
were not determined*™. In contrast, our study found
that these factors did not differ between the poor-
response group and the good-response group.
Infusion of ANP improves left ventricular function
in patients with congestive heart failure®. We
thought that increases in ANP secretion reduce pre-
load and afterload in patients with a poor response,
and, as a result, the left ventricular end-diastolic
dimension and fractional shortening at rest would
be similar in the 2 groups.

Our results also demonstrate the relationship
between the cardiac systolic reserve and the ability
to increase the rate of ANP secretion. Patients with
a poor response to isoproterenol infusion also failed
to augment ANP secretion. These results indicate
that not only cardiac systolic reserve but also abili-
ty to secrete ANP was impaired in patients with a
poor response. We thought that in patients with a
poor response, a high level of ANP contributed to
the regulation of fluid volume and blood pressure at
rest, whereas the increase in the rate of ANP secre-
tion under strenous conditions was impaired and
the supply of ANP could not meet the demand for
ANP under stress.

Previous studies have shown that plasma ANP
concentration in patients with heart disease is gen-
eraly related to the magnitude of increasesin right
atrial pressure or pulmonary artery wedge pressure.
Cardioacceleration with increased atrial pressure
has been shown to further elevate plasma ANP con-
centration. In our study, the heart rate increased sig-
nificantly in the 3 groups in response to isopro-
terenol infusion. However, there was no difference
in heart rate either at rest or immediately after iso-
proterenol infusion between the 3 groups. We did
not measure the right atrial pressure and pulmonary
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artery wedge pressure in this noninvasive study.
However, the change in fractional shortening with
isoproterenol in the poor-response group was
smaller than in both good-response and control
groups. We thought that the improvement in car-
diac hemodynamics with isoproterenol in the poor-
response group was less than in both the good-
response and control groups.

Some studies have demonstrated that isopro-
terenol induces the release of ANP™ %, In experi-
mental models, isoproterenol induces the release of
ANP by directly stimulating 3 -adrenoreceptors.
However, in rats with congestive heart failure
which received chronic infusion of isoproterenol,
isoproterenol failed to increase the plasma ANP
concentration™”. These results suggest that down-
regulation of B -adrenoreceptors diminished the
myocardial systolic reserve and ANP secretion. In
our study, isoproterenol increased the rate of ANP
secretion in the healthy individuals, but failed to
increase the rate of ANP secretion in the poor-
response group. We think that fibrotic changes and
either degeneration or down-regulation of 3 -
adrenoreceptors in the patients with a poor response
were responsible for the decreased cardiac systolic
reserve and the blunted changes in the plasma ANP
concentration during isoproterenol infusion. The
healthy individuals were significantly younger than
the patients with dilated cardiomyopathy. The
inotropic response of catecholamines in the aged
myocardium diminishes in healthy individuals*“.
Plasma ANP concentration is not associated with
aging in healthy individuals?®”. Therefore, the age
differences between healthy individuals and the
patients with dilated cardiomyopathy might influ-
ence the differences in response to isoproterenol,
but the differences in age did not greatly affect the
correlation between cardiac systolic reserve and
resting plasma ANP concentration in the 3 groups.
In our study, the change in ANP secretion with iso-
proterenol infusion was not associated with aging
in healthy individuald data not shownll So the dif-
ferences in age did not extremely influence the cor-
relation between cardiac systolic reserve and the
changes in ANP secretion with isoproterenol infu-
sionin the 3 groups.

Study limitations

We did not measure the pulmonary artery wedge
pressure, right atrial pressure, and left ventricular
end-diastolic pressure in this noninvasive study.
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The possibility remains that these indices are higher
in patients with a poor response than in patients
with a good response.

CONCLUSIONS

Our results indicate that resting plasma ANP
concentration can be used to evaluate cardiac sys-
tolic reserve in patients with dilated cardiomyopa-

thy. Decreased myocardia systolic reserve is aso
associated with reduced increase in the rate of ANP
secretion in response to isoproterenol.

This work was supported by grants for the study of idiopathic car-
diomyopathy from the Japanese Ministry of Health and Welfare,
Tokyo, Japan.
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