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concentrations during percutaneous balloon
dilatation of the mitral valve in patients with
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Abstract
Objective-To investigate the relation

between plasma concentrations ofimmu-
noreactive endothelin and haemo-
dynamic variables before and after
percutaneous transvenous balloon dilata-
tion ofthe mitral valve.
Design-Prospective study.
Setting-National cardiovascular cen-

tre.
Patients-25 patients with mitral

stenosis and 26 healthy volunteers.
Main outcome measures-Plasma

concentrations of immunoreactive endo-
thelin were measured in the pulmonary
artery, left atrium, ascending aorta, and
femoral vein before and after balloon
dilatation ofthe mitral valve.
Results-Peripheral venous concentra-

tions (mean (SD)) of endothelin were
higher in the patients with mitral steno-
sis than in the healthy volunteers (176
(0-51) v 1-37 (0.45) pg/ml, p < 0.05) and
they correlated with the mean left atrial
pressure (r = 0 74, p < 0.01). Balloon
dilatation of the mitral valve reduced the
mean left atrial pressure without chang-
ing the mean right atrial pressure, sys-
temic arterial pressure, heart rate, or
cardiac index. Concentrations of plasma
endothelin in the femoral vein increased
from 1-76 (0-51) to 3*39 (2.46) (p < 0.01),
4-82 (2.34) (p < 0-001), and 2*43 (0.52)
pg/ml (p < 0.05) at 15 and 30 minutes and
24 hours after the procedure. The con-
centration of endothelin in the pul-
monary artery also increased from 1 85
(0.85) to 4-32 (1.58) pg/ml (p < 0.01) 30
minutes after the dilatation, whereas
there were no appreciable changes in
endothelin concentration in the left
atrium or ascending aorta.
Conclusions-Plasma endothelin con-

centrations were higher in patients with
mitral stenosis than in healthy volunteers
and the increase was proportional to left
atrial pressure. After balloon dilatation
of the mitral valve there was an abrupt
rise in endothelin in the femoral vein and
pulmonary artery but no change in left
atrial or aortic blood samples. These
findings suggest that endothelin may be
another vasoactive substance involved in
congestive heart failure.

(Br Heart J 1993;69:322-326)

Endothelin is an endothelium-derived peptide
with 21 amino acid residues that is a potent
vasoconstrictor.' It may have a pathophysio-
logical role in disorders associated with sys-
temic and local vasoconstriction.' Plasma
endothelin concentrations were raised in
various cardiovascular disorders-such as
coronary vasospasm,3 subarachnoid haemor-
rhage,4 Raynaud's phenomenon,5 and cardio-
genic shock,6-all of which are characterised
by local or peripheral vasoconstriction.
Reports of plasma endothelin concentrations
in congestive heart failure are not consistent.
An increased plasma endothelin concentra-
tion was reported in humans7 and dogs8 9 with
congestive heart failure, but in one study
there was no appreciable increase of plasma
endothelin concentration in patients with sta-
ble but severe congestive heart failure.6
Furthermore, in dogs with experimental con-
gestive heart failure evoked by rapid ventricu-
lar pacing, plasma endothelin concentrations
in the femoral artery were raised and correlat-
ed well with the mean pulmonary capillary
wedge pressure.9 This finding accords with
the primary role of left atrial pressure in car-
diac atrial natriuretic peptide secretion in
patients with mitral stenosis.'° I Recent
observations demonstrate that endothelin is
expressed in the lungs and heart as well as in
vascular endothelial cells,'2 13 and the wide-
spread distribution of endothelin mRNA
indicates that the peptide can be synthesised
in many tissues.'1'6 These observations sug-
gest that increased concentrations of plasma
endothelin may be derived from the lungs or
heart or both in states such as congestive
heart failure. However, there is no informa-
tion on the possible role of left atrial pressure
in the secretion of endothelin from vascular
endothelial cells. We studied the relations
between plasma endothelin concentrations at
multiple sampling sites and haemodynamic
variables in patients with mitral stenosis
undergoing percutaneous balloon dilatation
of the mitral valve.

Patients and methods
PATIENTS AND BLOOD SAMPLING
We studied 25 patients (seven men and 18
women; mean (SD) age, 53 (10) years) with
symptomatic mitral stenosis who were in New
York Heart Association functional classes II-
III. They all gave their informed consent.
Mitral stenosis was diagnosed by physical

322

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

B
r H

eart J: first published as 10.1136/hrt.69.4.322 on 1 A
pril 1993. D

ow
nloaded from

 

http://heart.bmj.com/


Rapid increase in plasma endothelin concentrations during percutaneous balloon dilatation of the mitral valve in patients with mitral stenosis

examination and echocardiography. Diuretics
and digitalis were discontinued at least 24
hours before valve dilatation and all other
medications, including sleeping pills and indi-
gestion tablets were stopped at least 12 hours
before the study. No patients had essential
hypertension, ischaemic heart disease, or
renal failure. In 17 patients the mitral valve
was dilated with an Inoue balloon catheter by
the transseptal Brockenbrough method.'7
Haemodynamic variables including the pres-
sures in the right atrium, right ventricle, pul-
monary artery, left ventricle, left atrium, and
ascending aorta, as well as the cardiac index
were measured before and 30 minutes after
valve dilatation. Blood samples were collected
from the femoral vein, the pulmonary artery,
left atrium and ascending aorta through a
catheter and placed into ice-chilled tubes
containing ethylenediamine tetra acetic acid
(1 mg/ml) and aprotinin (500 kallikrein in-
activation units/ml) before and, 15 and 30
minutes and 24 hours after balloon dilatation
of the mitral valve.
The other eight patients underwent only

diagnostic cardiac catheterisation and their
femoral venous blood samples were obtained
through a catheter before and immediately
after the catheterisation to examine the effects
of the catheterisation on the plasma concen-
tration of immunoreactive endothelin.
We also collected blood samples through

an antecubital vein from 26 apparently
healthy volunteers (11 men and 15 women;
mean (SD) age, 54 (8) years) without evi-
dence of organic heart disease, essential
hypertension, or renal failure.

MEASUREMENT OF PLASMA ENDOTHELIN
CONCENTRATION
Plasma concentrations of immunoreactive
endothelin were measured by a sensitive
radioimmunoassay." In brief, a 4 ml volume
of plasma was acidified with 1 ml of 0 5 N
solution of hydrochloric acid and applied to a
C8 octyl cartridge (Amersham, UK) which
had been treated with 5 ml of methanol and
subsequently with 20 ml of distilled water.
After washing with 20 ml of 0-1% trifluo-
roacetic acid, adsorbed materials were eluted
from the cartridge with 3-5 ml of 60% ace-
tonitrile/0 1% trifluoroacetic acid, dried
under a stream of nitrogen and reconstituted
in 0 4 ml of radioimmunoassay buffer.
Standard endothelin-1 (Peptide Institute,

Table 1 Haemodynamic data (mean (SD)) before and after balloon dilatation of the
mitral valve in 17 patients with mitral stenosis

Data Before After p Value

Mitral valve orifice area (cm2) 0-97 (0-29) 1-81 (0-38) <0-001
Left atrial dimension (mm) 50-2 (6 8) 46-1 (6-6) <0-01
Left ventricular diastolic dimension (mm) 47-4 (4 0) 46-4 (4 2) NS
Left ventricular systolic dimension (mm) 33-8 (4-5) 32-9 (4 7) NS
Mean right atrial pressure (mm Hg) 3-8 (2 2) 2-9 (2 9) NS
Mean pulmonary arterial pressure (mm Hg) 25-9 (7 4) 20-9 (8 9) <0-01
Mean left atrial pressure (mm Hg) 17-2 (5 0) 10-6 (5 3) <0-001
Mean systemic arterial pressure (mm Hg) 91-3 (10-7) 92-8 (14-1) NS
Heart rate (beats/min) 78-1 (16-8) 77-6 (19-6) NS
Cardiac index (1/min/m2) 2-67 (0 49) 2-87 (0-68) NS

Osaka, Japan) or the sample (0 1 ml) was
preincubated with anti-endothelin-1 rabbit
serum (Peninsula, Belmont, Ca, USA) for 24
hours at 4°C, followed by the addition of 1251-
endothelin-I (Amersham, UK) and further
incubation for 48 hours. Bound "25I-endothe-
lin-1 was separated from free endothelin by
the second antibody method. The smallest
quantity of endothelin that was detectable
was 0*5 pg/tube, with 50% binding displace-
ment at 15 pg/tube. The mean recovery of 20
pg of authentic endothelin-I after addition to
plasma was 69-7%. The endothelin values
were corrected for preparative losses. Cross-
reactivity of endothelin-1, endothelin-2,
endothelin-3, and big endothelin-I were 100,
43-1, 13-9, and 5-6%, respectively.

ECHOCARDIOGRAPHY
M mode echocardiograms were recorded by
Toshiba echocardiographic system (160-A)
and a strip chart recorder before and 24
hours after percutaneous balloon dilatation of
the mitral valve. Patients were examined
while recumbent with the probe placed from
the third to the fifth intercostal spaces lateral
to the left sternal border. Standard echocar-
diographic variables, including end diastolic
and end systolic left ventricular dimensions
and the left atrial dimension, were deter-
mined according to the recommendation of
the American Society of Echocardiography.'8
The area of mitral valve orifice was calculated
by planimetry from cross sectional echocar-
diograms (mean of 5-10 measurements).

STATISTICAL ANALYSIS.
All data were expressed as mean (SD). The
Student's unpaired t test was used to com-
pare the results in the controls and patients.
Linear regression analysis was used to assess
correlations between the plasma immunore-
active endothelin concentration and the
haemodynamic variables. The changes of
plasma endothelin concentrations in response
to balloon dilatation were assessed by
Student's paired t test (before and 30 minutes
after the procedure) and by one-way analysis
of variance and Dunnett's t test (before, 15
and 30 minutes after and 24 hours after the
procedure). A probability value of less than
0 05 was regarded as statistically significant.

Results
ECHOCARDIOGRAPHIC AND HAEMODYNAMIC
VARIABLES
The area of mitral valve orifice increased sig-
nificantly (p < 0-001) after balloon dilatation
and the left atrial dimension decreased signifi-
cantly (p < 0-001) (table 1). There were no
significant changes in the end diastolic or end
systolic left ventricular dimension. The mean
left atrial and pulmonary arterial pressures fell
significantly in all the patients (p < 0-001 and
p < 0-01, respectively). However, there was
no significant change in the mean right atrial
pressure, mean systemic arterial pressure,
heart rate, or cardiac index after the proce-
dure.
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Figure I Changes (mean
(SE)) in the concentration
of immunoreactive
endothelin in plasma from
the femoral vein as a
function of time after
percutaneous transvenous
balloon dilatation of the
mitral valve in patients
with mitral stenosis
(n = 17).
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PLASMA IMMUNOREACTIVE ENDOTHELIN
CONCENTRATIONS
Concentrations of immunoreactive endothe-
lin in blood from the femoral vein increased
from 1 76 (0-51) to 3 39 (2 46) (p < 0 01),
4-82 (2 34) (p < 0 001), and 2-43 (0 52)
pg/ml (p < 0 05) at 15 and 30 minutes and
24 hours after the procedure (fig 1).
Similarly, the pulmonary arterial plasma
immunoreactive endothelin concentration
also increased from 1-85 (0-85) to 4X32
(1 58) pg/ml (p < 0.01) at 30 minutes after
balloon dilatation whereas there were no
appreciable changes in the plasma immunore-
active endothelin concentration in the left
atrium or ascending aorta (table 2).
Diagnostic cardiac catheterisation did not
affect femoral venous plasma immunoreactive
endothelin concentrations in eight patients
with mitral stenosis (1-78 (0-45) v 1-81
(0 56) pg/ml, NS).

Before the procedure femoral venous plas-
ma immunoreactive endothelin concentra-
tions ranged from 0'85 to 2-43 pg/ml (mean
1 76 (0-51) pg/ml. Concentrations were
slightly but significantly higher than those in
blood from an antecubital vein in the healthy
volunteers (1X37 (0 45) pg/ml, p < 005)
(fig 2). There were no significant differences
in the concentrations of plasma immunoreac-
tive endothelin in the femoral vein, pul-
monary artery, left atrium, and ascending
aorta. Figure 3 shows there was a positive
correlation between the mean left atrial pres-
sure and the femoral venous plasma
immunoreactive endothelin concentration in
the patients before balloon dilatation of the
mitral valve (r = 0 74, p < 0 01).

Table 2 Plasma endothelin concentrations (mean (SD))
at various sampling sites before and after balloon dilatation
of the mitral valve in 17 patients with mitral stenosis

Site Before After p Value

Femoralvein 1 76 (0-51) 4-82 (2 34) <0 001
Pulmonary artery 1-85 (0 85) 4-32 (1-58) <0-01
Leftatrium 1-81 (0 47) 1-83 (0-50) NS
Ascendingaorta 1-57 (0-43) 1-59 (0 36) NS

p < 0.05
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Figure 2 Concentrations (mean (SD)) ofplasma
immunoreactive endothelin in peripheral veins of 17
patients with mitral stenosis (MS) and 26 controls.

Discussion
We showed that peripheral venous concentra-
tions of plasma immunoreactive endothelin in
patients with symptomatic mitral stenosis
were significantly higher than those in healthy
volunteers. There was a positive correlation
between the mean left atrial pressure and the
concentration of endothelin in the femoral
vein. These findings accord with the respond-
ed increase in plasma endothelin concentra-
tion in patients with congestive heart failure
caused by various types of heart disease.7 In
dogs with experimental congestive heart fail-
ure evoked by rapid ventricular pacing, the
concentration of plasma endothelin in the
femoral artery was increased and showed a
positive correlation with the pulmonary capil-
lary wedge pressure.9 The mechanism under-
lying this raised plasma endothelin
concentration is uncertain. Plasma endothelin
concentrations are increased in patients with
pulmonary hypertension,619 so the pulmonary
hypertension associated with mitral stenosis
may be a stimulus. Endothelin is expressed
not only in vascular endothelial cells but also
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Figure 3 Correlation between mean left atrial pressure
and plasma concentration of immunoreactive endothelin in
the femoral vein ofpatients with mitral stenosis (n = 17).
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in other tissues, including the lungs and
heart,'21' and endothelin mRNA is wide-
spread, indicating that the peptide may be
synthesised in many tissues.'4'6 This evidence
suggests that endothelin may be related to
congestive heart failure caused by mitral
stenosis, because in congestive heart failure
there is precapillary pulmonary hypertension
and inappropriate peripheral vasoconstric-
tion. Endothelin may be another vasoactive
substance involved in congestive heart fail-
ure-like the cathecholamines and angio-
tensin II.
We found that percutaneous balloon

dilatation of the mitral valve rapidly reduced
left atrial pressure and caused a prompt
increase in the plasma immunoreactive
endothelin concentration in the femoral vein
and pulmonary artery but not in the left atri-
um or ascending aorta. We showed that diag-
nostic cardiac catheterisation itself did not
affect the plasma endothelin concentration in
patients with mitral stenosis, suggesting that
mechanical damage to vascular endothelial
cells during the procedure was minimal. It is
puzzling that balloon dilatation of the mitral
valve increased the plasma endothelin con-

centration in venous blood but not in arterial
blood. The relation between plasma endothe-
lin concentration and the mean left atrial
pressure before the procedure did not afford
an explanation. There are several other possi-
bilities.

First, haemodynamic or neurohormonal
factors or both can stimulate the release of
endothelin from vascular endothelial cells
through the transient hypotension induced by
the balloon inflation. There is a growing body
of evidence suggesting that various factors
can stimulate endothelin release from vascu-

lar endothelial cells, such as cardiogenic
shock,6 systemic hypertension,202' adrenaline,'

and angiotensin 11.22 In our previous but simi-
lar clinical study in patients with mitral steno-
sis, however, plasma concentrations of
noradrenaline and adrenaline and renin activ-
ity levels were not affected by balloon dilata-
tion of the mitral valve." Also systemic blood
pressure and heart rate did not change
between before and 30 minutes after balloon
dilatation of the mitral valve in the present
study. Thus these factors are unlikely to be
involved in the increase in plasma endothelin
concentration induced by balloon dilatation.

Secondly, enhanced pulmonary extraction
of circulating endothelin may be attributable
to balloon dilatation of the mitral valve,
which transiently increases left atrial pressure.
In the present study we showed that the left
atrial:pulmonary arterial ratio of the plasma
immunoreactive endothelin concentration
decreased from the basal value of 0-98 to

0v42 after balloon dilatation, indicating that

the procedure increased pulmonary extrac-

tion of endothelin. An increase in the func-
tional pulmonary vascular bed caused by
balloon dilatation of the mitral valve may be
related to this enhanced pulmonary extrac-
tion of endothelin. There is evidence of con-

siderable pulmonary extraction of endothelin.

Intravenously injected endothelin disap-
peared after passage through the lungs in
rats,23 and in healthy controls the endothelin
concentration was higher in venous plasma
than in arterial plasma; 24
The more likely explanation seems to be a

mechanism associated with the cardiopul-
monary baroreceptor reflex. In dogs car-
diopulmonary baroreceptors at various
cardiopulmonary sites including the left atri-
um are activated by distension and exert a
tonic inhibitory effect on sympathetic vaso-
motor outflow.2526 Moreover, the concentra-
tion of endothelin in peripheral plasma
increases in the standing position in humans,
suggesting that secretion of endothelin from
vascular endothelial cells may be regulated by
changes in the extracellular fluid volume.27
However, this change could also be interpret-
ed as an effect on the peripheral plasma
endothelin concentration mediated by the
cardiopulmonary baroreceptor reflex because
the cardiopulmonary blood volume is
reduced on standing and this inactivates the
tonic inhibitory influence on the vasomotor
centre. Congestive heart failure in humans
and animals has been associated with the
attenuation of cardiopulmonary baroreceptor
control of circulation.28 29 Therefore, it is
tempting to speculate that the increase in
venous endothelin concentrations after bal-
loon dilatation of the mitral valve may reflect
a compensatory increase in the release of
endothelin from the local vascular bed in
response to the impaired cardiopulmonary
baroreceptor reflex. Animal studies per-
formed with and without denervation of the
afferent vagal nerves would be required to
verify the involvement of cardiopulmonary
baroreceptor reflexes in the increase of plas-
ma endothelin concentrations occurring in
response to a reduction of left atrial pressure.
We found that plasma immunoreactive

endothelin concentrations were higher in
patients with mitral stenosis than in normal
controls and that the increase was propor-
tional to left atrial pressure; that after balloon
dilatation of the mitral valve, there was an
abrupt rise in femoral venous and pulmonary
arterial concentrations of immunoreactive
endothelin but no change in left atrial or aor-
tic blood samples. These findings suggest that
endothelin may be another vasoactive sub-
stance, like the cathecholamines, angiotensin,
and atrial natriuretic peptide.

This study was supported in part by a research grant for car-
diovascular disease (1C-4) from the Ministry of Health and
Welfare.
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