Py

International Journal of

cardiology

’1(" - L
LSEVIER International Journal of Cardiology 60 (1997) 31-39

Endothelin may be pathogenic in systemic sclerosis of the heart'
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Abstract

We evaluated 30 consecutive patients and 48 age- and sex-matched controls to explore the possibility of a pathogenic contribution by
plasma endothelin-1 in the cardiac expression of systemic sclerosis. Venous plasma endothelin-1 was measured by radio-immunoassay and
left ventricular function by echocardiography. The patient group had elevated plasma endothelin-1 (2.6+0.2 vs. 1.8+0.1 pmol/l,
P<0.001), but endothelin-1 was not related to age, heart rate, blood pressure, total peripheral resistance, disease duration or systemic
sclerosis score. Endothelin-1 was related to left ventricular hypertrophy in terms of septal thickness (»=0.33, P<<0.01) and left ventricular
mass index (+=0.32, P<<0.01). Plasma endothelin-1 was further related to measures indicating reduced left ventricular filling; left atrial
emptying index (+=-—0.50, P<0.0005), the first third filling fraction (*=—0.31, P<<0.05) and the time velocity integral of Doppler
early/late filling velocity (+=—0.40, P<0.001). Furthermore, circulating endothelin-1 was related to impaired left ventricular contractility
as estimated by pre-ejection period/left ventricular ejection time (#=0.32, P<<0.01) and end-systolic wall stress/volume index (»=—0.30,
P<0.05). We conclude that plasma endothelin-1 is elevated in relation to the degree of left ventricular hypertrophy, diastolic dysfunction
and impaired contractility in systemic sclerosis. It may be of pathogenic importance to the cardiac involvement in systemic sclerosis
which is not mediated via an increase in systemic blood pressure. It is not yet clear whether our findings are exclusive to systemic

sclerosis patients or represent a generalized phenomenon in patients with impaired left ventricular function. © 1997 Elsevier Science

Ireland Ltd.
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1. Introduction

The endothelin family of peptides possesses potent
vasoconstrictor properties in both veins and arteries
[1]. Endothelin-1 is released by endothelial cells and
endothelin mRNA is widely expressed in human
tissues. Endothelin-1 binding sites have been demon-
strated in blood vessels, the heart and kidneys and
there are two subtypes of the endothelin receptor, an

*Corresponding author. Tel.: +46 90 7850000; fax: +46 90 137633.
'Presented in part at the XVIIIth Congress of the European Society of
Cardiology, Birmingham, UK, 25-29 August, 1996.

El1A and an EIB binding site [2]. The exogenous
administration of endothelin to animals results in
pronounced systemic, coronary and renal vasocon-
striction [3]. Furthermore, circulating concentrations
of endothelin were reported to be increased three-fold
in congestive heart failure [4], two-fold in essential
hypertension [5] and three-fold in cardiogenic shock
[6]. Thus, measurements of plasma endothelin-1 may
be important in the pathophysiologic evaluation of
patients with cardiovascular diseases.

Systemic sclerosis is a multisystemic disease char-
acterized by fibrotic, inflammatory and degenerative
changes in the skin and other organs including the
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heart [7]. Cardiac involvement in particular appears
to be associated with a poor prognosis and is a major
cause of morbidity and mortality [8,9]. We have
previously been able to demonstrate an increased
prevalence of left ventricular hypertrophy, reduced
distensibility, impaired filling properties, as well as
slightly reduced contractility, in a consecutive series
of patients with systemic sclerosis [10—12], findings
which have been confirmed by others [13].

The pathogenesis of cardiac involvement in sys-
temic sclerosis is as yet poorly understood. Myocar-
dial fibrosis and/or ischemia are possible etiologic
factors [14,15]. We have previously shown that
myocardial perfusion abnormalities are common in
systemic sclerosis and that a cold-induced vasospastic
process in the myocardial circulation might contribute
to the development of the patchy myocardial fibrosis
in these patients [16].

The current study was performed to determine
whether circulating endothelin-1 may be increased in
patients with systemic sclerosis in comparison to
carefully selected controls and whether the plasma
endothelin-1 level is related to functional cardiac
abnormalities in systemic sclerosis.

2. Materials and methods
2.1. Subjects

Thirty consecutive patients (15 males and 15
females; age range 25-77, mean 54.5 years), with
systemic sclerosis according to the American
Rheumatism Association criteria [17], were studied.
Their disease had been recognized for a mean of 5.6
(range 0.5-23) years. For purposes of comparison,
age- and sex-matched control subjects were selected
from the general population. A sample of 90 age- and
sex-matched subjects (3 for each patient) was drawn
from the population register kept by the County
Census Bureau. All the controls were informed about
the investigation protocol and 55 of them consented
to participate in the study. Controls were excluded if
they were being treated for hypertension, if they had
coronary or rheumatic heart disease according to their
clinical history or electrocardiogram (ECG), or if
they had known renal or pulmonary disease. Controls
were not excluded on the basis of current blood

pressure levels or right bundle branch block (1
subject). No control had left bundle branch block. Of
the 55 subjects willing to participate, 2 were excluded
because of previous antihypertensive treatment, 1
because an ECG indicated coronary heart disease, 1
since the clinical history suggested ischemic heart
disease, 2 subjects because of a history of rheumatic
heart disease and 1 subject due to inadequate record-
ings. The remaining 48 subjects (26 males and 22
females, age range 25-77 years, mean 54.6 years)
constituted a healthy control group. All the patients
and controls gave their informed consent to partici-
pate in this study and the study protocol was ap-
proved by the ethics committee.

2.2. Blood analysis

For the measurement of plasma endothelin-1,
blood samples were drawn from an antecubital vein
with the patient in the recumbent position (08:00—
10:00 h) at rest after overnight fasting. Blood was
collected in EDTA-coated tubes, immediately put on
ice, centrifuged at 4°C for 10 min and aliquots of
plasma were stored at —70°C until the time of
analysis. Plasma levels of endothelin-1 [18] and atrial
natriuretic peptide [19] were measured using specific
radioimmunoassay techniques, as described previous-

ly.
2.3. Pulse curves

A standard 12-lead resting ECG, carotid pulse
tracings and apexcardiograms were recorded using a
direct writing ink-jet 7-channel Mingograph (Siemens
Elema, Sweden) as described previously [10,11].

2.4. Echocardiography

We used a Hewlett Packard ultrasound imaging
system model 77020A, equipped with a 2.5 or 3.5
MHz phased array transducer. The two-dimensional
echocardiographic recordings of the routine projec-
tions were stored on VHS 0.5-inch video tapes using
a Panasonic NV 8100 video recorder. M-mode ech-
ocardiograms guided by two-dimensional echocar-
diography were recorded on strip charts (Honeywell,
8100, dry silver paper) at a speed of 50 mm/s
[10,11]. A Doppler system (Alfred®, Vingmed A/S)
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equipped with a 2.0 MHz pulsed and continuous
wave Doppler transducer (diameter 13.7 mm) was
used to record the mitral flow spectrum at 50 mm/s
from the apical approach as was previously described
[12]. Investigations were performed with the subjects
lying in the left lateral position.

2.5. Measurements

M-mode echocardiographic measurements were
obtained from three beats, using the leading edge to
leading edge method, and the mean was used for
further calculations according to the recommenda-
tions of the American Society of Echocardiography
[20].

The left ventricular internal diameter, interven-
tricular septal thickness and posterior wall thickness
were measured at end-diastole and end-systole
[10,11]. Ejection fraction, mean velocity of circum-
ferential fiber shortening, left ventricular meridional
end-systolic wall stress and end-systolic volume
index (end-systolic volume/body surface area) were
calculated [10]. As additional measures of contractili-
ty, we calculated the ratio end-systolic wall stress/
end-systolic volume index and measured systolic time
intervals [10]. Left ventricular mass and ventricular
mass index were calculated from end-diastolic M-
mode measurements of left ventricular dimension,
septal and posterior wall thicknesses [11]. The left
atrial emptying index was obtained from the posterior
aortic wall motion as an estimate of early left
ventricular filling properties [11]. The left atrial M-
mode echocardiographic diameter was measured at
the aortic valve closure and adjusted for body surface
area [11]. From the Doppler spectral recording of the
mitral flow profile, we measured the peak velocity of
atrial (A) contribution to left ventricular filling and its
relationship to early (E) peak velocity by means of a
computer technique [12]. We also measured the time
velocity integrals of the first third of diastole and of
the E- and A-waves [12]. Total peripheral resistance
was calculated as mean arterial blood pressure X1.33
(60/cardiac output) [10,11]. The left and right atrial
areas and long axes were measured from the two-
dimensional apical four-chamber view [21]. One
investigator carried out all the recordings, measure-
ments and interpretations. Measurement points were
agreed upon by two observers and only beats of

acceptable or good quality were used for measure-
ments.

2.6. Severity of skin lesions

The severity of skin lesions was assessed by a
simple scoring system; skin thickening was estimated
at 18 anatomic sites using a 4-grade scale; 0 for
normal skin and grade 3 for the most severe thicken-
ing and induration of the skin. The maximum score
was therefore 54.

2.7. Statistical analysis

Data are presented as the mean=*standard deviation
(S.E.) of the mean. An unpaired two-sided #-test was
used to compare differences between patients and
controls. A statistically significant difference was
defined as P<<0.05. Pearson’s correlation coefficients
were computed to illustrate certain relationships, as
indicated.

3. Results

3.1. General characteristics

In spite of being similar in height, the patients
weighed less than the controls and had a smaller body
surface area (P<<0.05). Heart rate was increased in
patients compared with controls (68*2 vs. 62*1
beats/min, P<0.01). Blood pressure and total
peripheral resistance were similar in the two groups
(Table 1).

3.2. Plasma endothelin-1 level

The mean venous endothelin-1 concentration was
significantly increased in the patient group as com-
pared to controls (2.6%=0.2 vs. 1.8*+0.1 pmol/l, P<
0.0005) (Fig. 1).

3.3. Plasma endothelin-1 and clinical data
Plasma endothelin-1 was not related to systolic or

diastolic blood pressure, mean arterial blood pressure,
total peripheral resistance, heart rate, body weight,
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Table 1

Plasma ET-1 was only related to heart rate among clinical variables
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Controls P value Patients Correlation to plasma ET-1

r value P value
Systolic blood pressure (mmHg) 135%3 NS 133+4 0.05 NS
Diastolic blood pressure (mmHg) 81x1 NS T9EE2 0.04 NS
Mean blood pressure (mmHg) 99+2 NS 972.1 0.01 NS
TPR (dynes s cm ™) 160459 NS 1723%132 0.11 NS

Heart rate (beats/min) 62*+1 <0.01 68+2 0.26 <0.05
Age (years) 55+2 NS 552 0.02 NS
Height (cm) 173x1 NS 171£2 0.14 NS
Weight (kg) 732 <0.05 65+2 0.02 NS
Body surface area (m?) 1.86*0.03 <0.05 1.74+0.04 0.02 NS
Body mass index (kg m™?) 243*0.5 <0.01 22.3%+09 0.06 NS

ET, endothelin; TPR, total peripheral resistance. Values are expressed as mean*S.E.
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Fig. 1. The plasma level of endothelin-1 among patients and controls.

Patients

body surface area, body mass index, duration of the
disease or scleroderma score (Table 1).

3.4. Plasma endothelin-1 and left ventricular
systolic function

There was a significant relationship between plas-
ma endothelin-1 and the ratio pre-ejection period/left
ventricular ejection time (Table 2). Plasma
endothelin-1 was also inversely correlated with the
end-systolic wall stress adjusted for end-systolic
volume index, which was lower among patients.
There was no relationship between plasma
endothelin-1 and load-dependent echocardiographic
indexes of left ventricular contractility (left ventricu-
lar end-systolic diameter, stroke volume, ejection

Table 2
The relationship of plasma ET-1 to the echocardiographic indexes of LV systolic function

Controls P value Patients Correlation to plasma ET-1

r value P value

PEP/LVET ~ 0.30+0.01 P<0.005 0.37%+0.02 0.32 P<0.01
ESWS/ESVI (10° dyn cm ™ 'ml~'cm®) 3.3%0.1 P<0.5 2.9+0.2 —-0.30 P<0.05
Ejection fraction 0.72%0.01 NS 0.69%+0.03 0.07 NS
Mean Vcf (circ s™") 1.07%0.03 NS 1.11%+0.05 0.09 NS
Stroke volume (ml) 94.5+4.9 NS 80.4+5.0 0.02 NS
EPSS (mm) 4.8+0.3 P<0.001 8.3x1.3 0.24 NS

ET, endothelin; PEP, pre-ejection period; LVET, LV ejection time; ESWS, end-systolic wall stress; ESVI, end-systolic volume index; Vcf, velocity of
circumferential fibre shortening; EPSS, E-point septal separation. Values are expressed as mean*S.E.
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fraction and velocity of circumferential fiber short-
ening), which were similar in the two groups.

3.5. Plasma endothelin-1 and left ventricular
hypertrophy

The plasma endothelin-1 correlated to various
measures of left ventricular hypertrophy, such as
interventricular septal thickness and left ventricular
mass index (Table 3), which were higher among the
patients.

3.6. Plasma endothelin-1 and early left ventricular
filling properties

Early left ventricular filling properties were im-
paired among patients, with a reduction in left atrial
emptying index, a reduced Doppler E-wave velocity/
A-wave velocity ratio and a reduced first third filling
fraction (Table 3). This reduction in early filling was
found despite the fact that 2/3 of the patients
displayed some degree of mitral regurgitation, which
in itself increases early left ventricular filling.
Endothelin-1 was inversely related to left atrial

Table 3
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Fig. 2. The relationship between plasma endothelin-1 and left atrial
emptying index.

emptying index (Fig. 2), the pulsed wave mitral
Doppler early/late filling velocity and first third
filling fraction (Table 3). Although the time velocity
integral of the first third of diastole and the time
velocity integral of the early filling/total diastolic
flow profile were not significantly lower among

The relationship of plasma ET-1 to the echocardiographic indexes of LV hypertrophy and diastolic function

Controls P value Patients Correlation to plasma ET-1
r value P value

LV hypertrophy
Septal thickness (mm) 12.2+0.5 <0.0005 9.9+0.3 0.33 <0.01
Posterior wall (mm) 10.1+0.4 <0.05 9.1+0.3 0.15 NS
LV mass index (g/m”) 951+3 <0.005 116+7 0.32 <0.01
Early LV filling
LAEI 0.87£0.01 <0.0005 0.63+0.03 —0.50 <0.0005
VTI-33% (m) 9.53+0.75 NS 8.99x1.17 —0.29 <0.05
VTI-33%/total diastole 0.48+0.01 <0.001 0.41%+0.02 —0.31 <0.05
VTI-E/total diastole 0.64%0.01 NS 0.6120.01 —0.32 <0.01
VTI-E/A 2.86:0.24 <0.05 2.15%0.16 —0.40 <0.005
Velocity E/A 1.33£0.06 <0.05 1.09£0.10 —0.27 <0.05
Mitral regurgitation (%) 15 <0.001 67 0.30 <0.05
Left atrial dimensions/BSA
M-mode (mm/m?) 19.3£0.4 <0.005 21.9*1.0 0.14 NS
2D long axis (mm/m®) 26.5+0.6 <0.005 29.1+1.0 0.40 <0.005
2D area (mm’/m?) 74825 <0.005 913+43 0.36 <0.005
Right atrial dimensions/BSA
2D long axis (mm/m?) 27.4%0.5 <0.05 29.6x1.0 0.28 <0.05
2D area (mm°/m?) 91730 NS 929+56 0.10 NS

ET, endothelin; A, atrial contribution to LV filling; BSA, body surface area; E, early part of LV filling profile; 33%, the first third of the diastolic flow
profile; VTI, velocity time integral. Values are expressed as mean*S.E., or as % of subjects.
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patients, the plasma endothelin-1 level was inversely
related to both these measurements (Table 3).

3.7. Plasma endothelin-1 and left atrial dimensions

The atrial short-axis dimension index was larger
among patients and plasma endothelin-1 was not
related to it. However, the indexed 4-chamber left
atrial long axis and area were increased in patients
and plasma endothelin-1 was related to these mea-
surements (Table 3).

3.8. Plasma endothelin-1 and right atrial
dimensions

The 4-chamber right atrial systolic long axis was
increased among patients and plasma endothelin-1
was related to it. However, there was no relationship
between plasma endothelin-1 and right atrial area,
which did not differ between patients and controls
even when the body surface area was taken into
account.

3.9. Plasma endothelin-1 and plasma atrial
natriuretic peptide

Since plasma endothelin-1 was related to atrial
dimensions, we evaluated the possibility of a relation-
ship between endothelin-1 and atrial natriuretic pep-
tide. However, there was no such relationship (r=
0.07, ns), (Fig. 3). When the controls were considered
separately, however, there was a significant inverse
relationship.

3.10. Comparison of functional abnormalities
related to plasma endothelin- 1

Multivariate analysis was used to evaluate the
strength of the relationship between plasma
endothelin-1 and various parameters, which in uni-
variate analyses indicated a possible influence by
endothelin-1 on the heart. Left ventricular mass index
was taken as a measurement of hypertrophy, left
atrial emptying index as a measurement of left
ventricular diastolic dysfunction and the pre-ejection
period/left ventricular ejection time ratio as a mea-
surement of left ventricular systolic function. The
relationships between plasma endothelin-1 and the
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Fig. 3. There was no obvious relationship between plasma endothelin-1
and the plasma concentration of atrial natriuretic peptide among patients
(r=—0.19, P=0.38) or in the combined group of patients and controls.
However, a relationship was found among controls (»=—0.38, P=0.01).

pre-gjection period/left ventricular ejection time as
well as left ventricular mass index were abolished
when the left atrial emptying index was taken into
account (Table 4).

4. Discussion

In this study, we were able to demonstrate a 44%
increase in circulating endothelin-1 among patients
with systemic sclerosis as compared to controls.
Furthermore, the circulating endothelin-1 correlated
significantly with the echocardiographic measure-
ments of left ventricular hypertrophy, as well as with
the degree of abnormal diastolic and systolic left
ventricular properties.

A possible pathophysiologic role for endothelin-1
in various cardiovascular diseases has been proposed
[1-6]. The ability of the endothelin family of pep-

Table 4

Multivariate analysis of LV mass, diastolic function (atrial emptying
index) and LV systolic function as predictors of plasma ET-1 con-
centration

B-coefficient t value P value
LV mass index 2.015 1.89 0.1277
Left atrial emptying index —1.666 3.02 0.0037
PEP/LVET 0.004 1.55 0.0641

ET, endothelin; PEP, pre-ejection period; LVET, LV ejection time.
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tides to stimulate mitogenesis in smooth muscle and
fibroblasts, coupled with their contribution to the
regulation of gene expression and secretion of other
neurohumoral mediators, raises the possibility that
endothelin-1 may contribute to the development of
the cardiovascular disease process in systemic
sclerosis [22].

The mechanism behind the increased plasma
endothelin-1 concentration in patients with systemic
sclerosis is unclear. Microvascular endothelial cell
damage has been suggested as a likely cause of
increased endothelin-1 levels in systemic sclerosis
[23,24], leading to fibrosis [25], the main component
of cardiac involvement in systemic sclerosis [14,26—
28], through a collagen synthesis-enhancing effect,
which may even be dose- dependent [24,29]. Interest-
ingly, Kawaguchi et al. [30] recently reported that the
level of endothelin-1 protein was significantly higher
in systemic sclerosis fibroblast cultures than in those
of normal fibroblasts, as was the expression of
endothelin-l mRNA. They concluded that the
endothelin-1 induced by fibroblasts may play a role in
fibrosis development and Raynaud’s phenomenon of
systemic sclerosis. Furthermore, Petersen et al. [31]
recently showed that inhalation of cold air during
exercise, which increased the degree of regional
myocardial ischemia, may involve endothelin-1 in the
ischemic response. These latter reports are interest-
ing, since we have recently documented the fact that
in patients with systemic sclerosis, cold provocation
induced an intermittent vasospastic process causing
myocardial perfusion defects secondary to abnormal
intramyocardial circulation [16]. The mechanism is
not known, but endothelin-1 is a possible key factor
as it is a potent vasoconstrictor, which is increased
among systemic sclerosis patients.

It is therefore possible to hypothesize that cardiac
abnormalities in systemic sclerosis are primarily due
to myocardial fibrosis [14,27,28], due at least in part
to the increase in fibroblast activity promoted by
endothelin-1. As it is a potent vasoconstrictive agent
[2] endothelin-1 may contribute to the myocardial
ischemia which we have demonstrated to be an
important feature of the cardiac involvement in
systemic sclerosis [16]. The potential of endothelin-1
to cause myocardial ischemia and vascular damage
generating a further release of vasoactive substances
including endothelin-1 itself [32] creates a vicious

circle. Since endothelin-1 [33] and other vasoactive
substances like angiotensin II may promote myocar-
dial hypertrophy, this may, in addition to fibrosis,
explain the increase in wall thickness and diastolic
dysfunction we have found among our patients with
systemic sclerosis [11,12]. We found only a moderate
impairment in myocardial contractility, not expressed
as a reduction in ejection fraction and related mea-
surements [10]. One possible explanation for this is
the positive inotropic action of endothelin-1 on the
myocardium [34] and another is the increased wall
thickness. An increase in wall thickness in relation to
left ventricular dimension reduces the afterload im-
posed on the ventricle, further alleviated by the
presence of a mild to moderate mitral regurgitation in
two-thirds of the patients. Measurements accounting
for afterload may therefore provide more reliable
information on the true status of the myocardium,
which is consistent with the data we present.

Some in vitro studies suggest that endothelin-1
may stimulate the release of atrial natriuretic peptide
from atrial myocytes [35] and a physiologic antagon-
ism between atrial natriuretic peptide (vasodilator)
and endothelin-1 (vasoconstrictor) has been post-
ulated [36]. Since atrial distension and stretch are
believed to be the main stimuli for atrial natriuretic
peptide secretion, a relationship between plasma
endothelin-1 and atrial natriuretic peptide can be
expected. In the present study, we found a highly
significant relationship between plasma endothelin-1
and measurements of atrial distension (left atrial long
axis diameter and area as well as right atrial long axis
diameter). In the same patient group, we have previ-
ously found a significant relationship between these
atrial measurements and atrial natriuretic peptide
[18]. There was a (possibly random) relationship
between atrial natriuretic peptide and endothelin-1
among controls (Fig. 3). However, we did not find
any relationship between plasma endothelin-1 and
atrial natriuretic peptide among patients or in the
complete study population (Fig. 3). This is in agree-
ment with published data. For example, McMurray et
al. [1] did not find any relationship between atrial
natriuretic peptide and plasma endothelin-1 in pa-
tients with congestive heart failure and Shichiri et al.
[37] also found no relationship between plasma atrial
natriuretic peptide and endothelin-1 in patients with
renal failure. However, the relationship between



38 E. Kazzam et al. | International Journal of Cardiology 60 (1997) 31-39

plasma endothelin-1 and atrial distension requires
further investigation.

Since endothelin-1 is a potent vasoconstrictor in
the peripheral vasculature in systemic sclerosis as
well [29], it was surprising to find that high circulat-
ing endothelin-1 was not related to an increase in
peripheral resistance and elevated blood pressure.
However, in an animal model of ischemic heart
failure, vascular, but not myocardial, endothelin
receptor binding and function was downregulated
[38]. Thus, in response to high circulating endothelin
concentrations, there is a downregulation of the
vascular endothelin-1 response, resulting in a lack of
peripheral vascular responses.

We have found a beneficial effect by ACE-in-
hibitors (captopril) on both systolic and diastolic
dysfunction in patients with systemic sclerosis, most
probably as a result of vasodilatation at the micro
circulatory level, leading to an improvement in
myocardial perfusion by decreasing the circulating
angiotensin II level or as a result of a direct effect on
the local angiotensin system in the heart [39]. It has
recently been shown that endothelin-1 is produced by
cardiomyocytes [32,40]. Like ACE-inhibitors,
endothelin-1 converting enzyme inhibitors and re-
ceptor antagonists may have therapeutic potential as
vasodilators in the near future [41,42] and it seems
likely that they could be particularly suited to the
treatment of systemic sclerosis.

Further studies are needed to elucidate the mecha-
nism responsible for the elevation of the plasma level
of endothelin-1 and its pathophysiologic importance
in systemic sclerosis, as well as its possible role as a
marker of involvement or a predictor of the prognosis
in systemic sclerosis.

Acknowledgments

This study was supported by The Swedish Heart
and Lung Foundation, the Ake Wiberg Foundation,
the Swedish Medical Association, Umed University
Medical Faculty and The Swedish Medical Research
Council (project 08642).

References

[1] McMurray JJ, Ray SG, Abdullah I, Dargie HJ, Morton JJ. Plasma
endothelin in chronic heart failure. Circulation 1992;85:1374—1379.

[2] Yanagisawa M, Kurihara H, Kimura S, Tomobe Y et al. A novel
potent vasoconstrictor peptide produced by vascular endothelial cells
[see comments]. Nature 1988;332:411-415.

[3] Miller WL, Redfield MM, Bumett JC Jr. Integrated cardiac, renal,
and endocrine actions of endothelin. J Clin Invest 1989;83:317-320.

[4] Cavero PG, Miller WL, Heublein DM, Margulies KB, Burnett JC Jr.
Endothelin in experimental congestive heart failure in the anes-
thetized dog. Am J Physiol 1990;259:F312-317.

[5] Saito Y, Nakao K, Mukoyama M, Imura H. Increased plasma
endothelin level in patients with essential hypertension [letter]. N
Engl J Med 1990;322:205.

[6] Cernacek P, Stewart DJ. Immunoreactive endothelin in human
plasma: marked elevations in patients in cardiogenic shock. Bio-
chem Biophys Res Commun 1989;161:562-567.

[7] Medsger T Jr. Systemic sclerosis (scleroderma), eosinophilic fas-
ciitis, and calcinosis. In: McCarthy D, ed. A Textbook of
Rheumatology. Philadelphia: Lea and Febiger, 1985;994—1036.

[8] Orabona M, Albino O. Systemic progressive sclerosis (or visceral
scleroderma). Review of the literature and report of cases. Acta Med
Scand 1958;160(Suppl 580):163—-170.

[9] Medsger TA Jr, Masi AT, Rodnan GP, Benedek TG, Robinson H.
Survival with systemic sclerosis (scleroderma). A life-table analysis
of clinical and demographic factors in 309 patients. Ann Intern Med
1971;75:369-376.

[10] Kazzam E, Caidahl K, Hillgren R, Gustafsson R, Landelius J,
Waldenstrom A. Non-invasive assessment of systolic left ventricular
function in systemic sclerosis. Eur Heart J 1991;12:151-156.

[11] Kazzam E, Waldenstrom A, Landelius J, Héllgren R, Arvidsson A,
Caidahl K. Non-invasive assessment of left ventricular diastolic
function in patients with systemic sclerosis. J Intern Med
1990;228:183—-192.

[12] Kazzam E, Caidahl K, Hillgren R, Johansson C, Waldenstrom A.
Mitral regurgitation and diastolic flow profile in systemic sclerosis.
Int J Cardiol 1990;29:357-363.

[13] Maione S, Valentini G, Giunta A, Migliaresi S, Itri F, Picillo U, Tirri
G, Condorelli M. Evaluation of cardiac structures and function in
systemic sclerosis by Doppler echocardiography. Cardiology
1991;79:165-171.

[14] Weiss S, Stead E, Warren J, Bailey O. Scleroderma heart disease
with a consideration of certain other visceral manifestations of
scleroderma. Arch Intern Med 1943;71:749-776.

[15] Siegel RJ, O’Connor B, Mena I, Criley JM. Left ventricular function
at rest and during Raynaud’s phenomenon in patients with
scleroderma. Am Heart J 1984;108:1469—1476.

[16] Gustafsson R, Mannting F, Kazzam E, Waldenstrom A, Hallgren R.
Cold-induced reversible myocardial ischaemia in systemic sclerosis.
Lancet 1989;ii:475—479.

[17] Anonymous. Preliminary criteria for the classification of systemic
sclerosis (scleroderma). Subcommittee for scleroderma criteria of the
American Rheumatism Association Diagnostic and Therapeutic
Criteria Committee. Arthritis Rheum 1980;23:581-590.

[18] Rasmussen PH, Plum IG, Bruun NE et al. Radioimmunoassay of
endothelin in human plasma. Blood Press 1992;1:181-186.

[19] Kazzam E, Caidahl K, Hedner T, Waldenstrom A. Functional
explanation for increased atrial natriuretic peptide in systemic
sclerosis. Clin Cardiol 1995;18:647—652.

[20] Sahn DJ, DeMaria A, Kisslo J, Weyman A. Recommendations
regarding quantitation in M-mode echocardiography: results of a
survey of  echocardiographic = measurements.  Circulation
1978;58:1072—-1083.

[21] Kazzam E, Caidahl K, Gustafsson R et al. Two-dimensional
echocardiographic dimensions in systemic sclerosis and a matched
reference population. Am J Noninv Cardiol 1991;5:343-352.



E. Kazzam et al. | International Journal of Cardiology 60 (1997) 31-39 39

[22] Gwathmey JK, Paige JA. Endothelin and vasoactive peptides: new
cardiovascular mediators. [Review]. J Vet Pharmacol Ther
1994;17:420-425.

[23] Kadono T, Kikuchi K, Sato S, Soma Y, Tamaki K, Takehara K.
Elevated plasma endothelin levels in systemic sclerosis. Arch
Dermatol Res 1995;287:439-442.

[24] Zachariae H, Heickendorff L, Bjerring P, Halkier-Sorensen L,
Sondergaard K. Plasma endothelin and the aminoterminal prop-
eptide of type III procollagen (PIIINP) in systemic sclerosis. Acta
Dermatol Venereol 1994;74:368—370.

[25] Vancheeswaran R, Magoulas T, Efrat G et al Circulating
endothelin-1 levels in systemic sclerosis subsets — a marker of
fibrosis or vascular dysfunction? J Rheumatol 1994;21:1838-1844.

[26] Follansbee WP. The cardiovascular manifestations of systemic
sclerosis (scleroderma). Curr Probl Cardiol 1986;11:241-298.

[27] Buckingham RB, Prince RK, Rodnan GP, Taylor F. Increased
collagen accumulation in dermal fibroblast cultures from patients
with progressive systemic sclerosis (scleroderma). [Review]. J Lab
Clin Med 1978;92:5-21.

[28] LeRoy EC. Increased collagen synthesis by scleroderma skin
fibroblasts in vitro: a possible defect in the regulation or activation
of the scleroderma fibroblast. J Clin Invest 1974;54:880—889.

[29] Kahaleh MB. Endothelin, an endothelial-dependent vasoconstrictor
in scleroderma. Enhanced production and profibrotic action. Arth-
ritis Rheum 1991;34:978-983.

[30] Kawaguchi Y, Suzuki K, Hara M et al. Increased endothelin-1
production in fibroblasts derived from patients with systemic
sclerosis. Ann Rheum Dis 1994;53:506-510.

[31] Petersen CL, Hansen A, Frandsen E, Strange S, Jonassen O, Nielsen
JR, Dige-Petersen H, Hesse B. Endothelin release and enhanced
regional myocardial ischemia induced by cold-air inhalation in
patients with stable angina. Am Heart J 1994;128:511-516.

[32] Tonnessen T, Naess PA, Kirkebeen KA, Offstad J, Ilebekk A,
Christensen G. Release of endothelin from the porcine heart after
short term coronary artery occlusion. Cardiovasc Res
1993;27:1482—-1485.

[33] Ito H, Hirata Y, Hiroe M et al. Endothelin-1 induces hypertrophy
with enhanced expression of muscle-specific genes in cultured
neonatal rat cardiomyocytes. Circ Res 1991;69:209-215.

[34] Ishikawa T, Yanagisawa M, Kimura S, Goto K, Masaki T. Positive
inotropic action of novel vasoconstrictor peptide endothelin on
guinea pig atria. Am J Physiol 1988;255:H970-H973.

[35] Hu JR, Berninger UG, Lang RE. Endothelin stimulates atrial
natriuretic peptide (ANP) release from rat atria. Eur J Pharmacol
1988;158:177-178.

[36] Bonhomme MC, Cantin M, Garcia R. Relaxing effect of atrial
natriuretic factor on endothelin-precontracted vascular strips. Proc
Soc Exp Biol Med 1989;191:309-315.

[37] Shichiri M, Hirata Y, Ando K et al. Plasma endothelin levels in
hypertension and chronic renal failure. Hypertension 1990;15:493—
496.

[38] Fu LX, Sun XY, Hedner T et al. Decreased density of mesenteric
arteries but not of myocardial endothelin receptors and function in
rats with chronic ischemic heart failure. J Cardiovasc Pharmacol
1993;22:177-182.

[39] Kazzam E, Caidahl K, Hallgren R, Gustafsson R, Waldenstrom A.
Non-invasive evaluation of long-term cardiac effects of captopril in
systemic sclerosis. J Intern Med 1991;230:203-212.

[40] Tennessen T, Giaid A, Saleh D, Naess PA, Yanagisawa M, Christ-
ensen G. Increased in vivo expression and production of endothelin-
1 by porcine cardiomyocytes subjected to ischemia. Circ Res
1995;76:767-772.

[41] Wang QD, Li XS, Lundberg JM, Pemow J. Protective effects of
non-peptide endothelin receptor antagonist bosentan on myocardial
ischaemic and reperfusion injury in the pig. Cardiovasc Res
1995;29:805-812.

[42] Kiowski W, Siitsch G, Hunziker P et al. Evidence for endothelin-1-
mediated vasoconstriction in severe chronic heart failure. Lancet
1995;346:732-736.



