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obtained, we detected a statistically significant decline in co-
peptin levels 24 h after PBMV compared to the baseline lev-
els (from 61.8  8  34.4 to 44.1  8  18.2 pg/ml; p = 0.004).

  Copyright © 2012 S. Karger AG, Basel 

 Introduction 

 Rheumatic mitral stenosis (MS) is still a common dis-
ease in developing countries with high morbidity and 
mortality rates  [1] . The treatment of choice for MS pa-
tients with favorable mitral valve morphology is percuta-
neous balloon mitral valvuloplasty (PBMV), first intro-
duced in 1984 by the Japanese surgeon Inoue  [2] . It is a 
safe and effective procedure with a high success rate and 
low morbidity  [3] . After successful PBMV, early clinical 
and hemodynamic improvements are highly impressive 
and satisfactory for both clinicians and patients. While 
the mitral valve area increases, the left atrial pressure, 
mean transmitral gradient and pulmonary artery pres-
sure decrease immediately.
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 Abstract 

 We aimed to investigate copeptin levels in mitral stenosis 
(MS) patients and the behavior of copeptin after hemody-
namic improvement achieved by percutaneous balloon mi-
tral valvuloplasty (PBMV). The study involved 29 consecutive 
symptomatic patients with moderate to severe rheumatic 
MS who underwent PBMV. Twenty-eight age- and gender-
matched healthy volunteers composed the control group. 
Blood samples for copeptin were obtained immediately be-
fore and 24 h after PBMV, centrifuged, then stored at –70°C 
until assayed. The copeptin level of the patient group was 
statistically different from that of the control group (61.8  8   
34.4 and 36.8  8  15.2 pg/ml, respectively; p = 0.001). PBMV 
resulted in a significant increase in mitral valve area and a 
significant decrease in transmitral gradient as well as systol-
ic pulmonary artery pressure. While hemodynamic relief was 
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  Arginine vasopressin (AVP), a vasoconstrictor and an-
tidiuretic hormone, has well-established effects on osmo-
regulation and cardiovascular homeostasis  [4] . Measure-
ment of AVP levels is difficult because of its short half-life 
and unstable properties. Copeptin, the C-terminal part 
of preprovasopressin, is more stable and can be measured 
more easily and more accurately than AVP. It is cosecret-
ed with AVP and thus directly associated with AVP pro-
duction  [5] . Recently, it has been confirmed that increased 
levels of copeptin are associated with a poor prognosis in 
heart failure patients. Compared to B-type natriuretic 
peptide (BNP) and the amino-terminal portion of pro-
BNP (NT-proBNP), it is a more reliable outcome predic-
tor in advanced heart failure  [6] .

  No published data exist to date about the level of co-
peptin in patients with MS and the change in copeptin 
levels after PBMV. Thus, we aimed to investigate co-
peptin levels in MS patients and the behavior of copeptin 
after hemodynamic improvement achieved by PBMV. 

  Methods 

 Study Population 
 The study involved 29 consecutive symptomatic patients with 

moderate to severe rheumatic MS who underwent PBMV. The 
morphological features of the mitral valve were evaluated accord-
ing to the scoring system described by Wilkins et al.  [7] . If the 
score was  ̂  8, it was considered suitable. Patients with moderate 
or severe mitral regurgitation and any moderate or severe valvu-
lar heart disease except MS were excluded from the study. Also, 
no patient had coronary artery disease, left ventricular systolic 
dysfunction, congenital heart disease or chronic kidney disease.

  Twenty-eight age- and gender-matched healthy volunteers 
composed the control group.

  The study was approved by the local ethics committee, and 
written informed consent was obtained from all patients enrolled 
in the study.

  Echocardiography 
 Echocardiographic examination was carried out by a cardiol-

ogy specialist at baseline and 24 h after PMBW, using Vivid 7 in-
struments (GE Medical Systems, Milwaukee, Wisc., USA), with a 
2.5-MHz transducer. All echocardiographic studies were per-
formed according to the recommendations of the American Soci-
ety of Echocardiography  [8] . Transmitral gradients were mea-
sured by continuous-wave Doppler echocardiography in the api-
cal four-chamber view. Mitral valve areas were calculated by a 
planimetric method and Doppler pressure half-time method. The 
sum of the transtricuspid gradient and right atrial pressure was 
noted as systolic pulmonary artery pressure (SPAP). We deter-
mined right atrial pressure according to Kircher et al.  [9] .

  All patients underwent transesophageal echocardiography be-
fore PBMV to exclude the presence of left atrial thrombus.

  Cardiac Catheterization 
 Standard right- and left-sided heart catheterization was per-

formed using Philips Integris 5000 equipment (Philips Medical 
Systems, Best, The Netherlands). Invasive hemodynamic data 
were obtained before and immediately after PBMV. To evaluate 
mitral regurgitation, left ventriculography was performed before 
and after the procedure. Mitral regurgitation was classified ac-
cording to Sellers et al.  [10] . The mean transmitral gradient and 
SPAP were measured in all patients.

  Percutaneous Balloon Mitral Valvuloplasty 
 An experienced cardiologist performed all PBMV procedures 

via an antegrade transvenous approach with a single-balloon 
stepwise dilatation technique using the Inoue balloon.

  Biochemical Analyses 
 Blood samples for copeptin (ELISA Kit for Human Copeptin, 

Uscn Life Science Inc., Wuhan, China) were obtained immedi-
ately before and 24 h after PBMV, centrifuged, then stored at 
–70   °   C until assayed. The detection limit of the assay was 7.4
pg/ml.

  Statistical Analyses 
 Categorical variables are presented as counts and percentages 

and were compared using the  �  2  test. Continuous variables are 
expressed as means and SD. Student’s t test or the Mann-Whitney 
U test (as appropriate) was used for continuous variables. Invasive 
and echocardiographic data and copeptin levels obtained before 
and after PBMV were compared using Student’s t test (paired, 
2-tailed). A 2-sided p value  ! 0.05 was considered statistically sig-
nificant. All statistical analyses were performed using the SPSS 
statistical package for Windows, version 13.0 (SPSS, Inc., Chicago, 
Ill., USA).

  Results  

 Demographic characteristics as well as some baseline 
echocardiographic and laboratory variables of the patient 
group and control group are summarized in  table 1 . Of 
the MS patients, 11 patients (38%) were in New York 
Heart Association functional class 2 and 18 patients 
(62%) were in class 3. 

  There were no significant differences between the two 
groups in terms of age, gender, body mass index, hemo-
globin level, lipid profile, fasting blood glucose, left ven-
tricular diameters, left ventricular ejection fraction, dia-
betes mellitus, hypertension and smoking. However, the 
copeptin level of the patient group was statistically differ-
ent from that of the control group (61.8  8  34.4 and 36.8 
 8  15.2 pg/ml, respectively; p = 0.001;  table 1 ).

  PBMV led to a significant immediate increase in mi-
tral valve area measured by both planimetric and pres-
sure half-time methods, with a corresponding significant 
decrease in transmitral gradient and SPAP whether mea-
sured by catheter or by echocardiography.
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  PBMV resulted in a significant increase in mitral valve 
area measured by both planimetric and pressure half-
time methods (from 1.12  8  0.17 to 1.76  8  0.41 cm 2 , p = 
0.001, and from 1.11  8  0.19 to 1.82  8  0.32 cm 2 , p = 0.001, 
respectively;  table 2 ;  fig. 1 ).

  On Doppler echocardiographic study, the transmitral 
gradient as well as SPAP decreased significantly 24 h after 
valvuloplasty (from 11.4  8  3.2 to 5.9  8  2.3 mm Hg, p = 
0.001, and from 46.3  8  9.4 to 35.7  8  9.1 mm Hg, p = 
0.001, respectively;  table 2 ;  fig. 1 ). Similarly, the same pa-
rameters measured by catheterization showed a sudden 
decrease immediately after the procedure (transmitral 
gradient from 14.9  8  5.6 to 3.7  8  2.1 mm Hg, p = 0.001; 
SPAP from 51.4  8  11.9 to 38.5  8  7.5 mm Hg, p = 0.001; 
 table 2 ).

  While hemodynamic relief was obtained, we detected 
a statistically significant decline in copeptin levels 24 h 
after PBMV compared to the baseline levels (from 61.8  8  
34.4 to 44.1  8  18.2 pg/ml, p = 0.004;  table 2 ;  fig. 1 ).

  No patient had any thromboembolic event during or 
after the procedure. No urgent operation was required 
in any patient during or after the valvuloplasty proce-
dure.

  Discussion 

 The present study confirmed that the copeptin level in 
MS patients was higher than in the healthy subjects. In 
addition, this study suggested that PBMV reduced the co-
peptin level as well as the transmitral gradient and pul-
monary hypertension. Thus, hemodynamic improve-
ment in MS was associated with a decrease in the activity 
of the vasopressin system.

  Rheumatic MS is still a major health problem in devel-
oping countries with high morbidity and mortality rates 
 [1] . It is a progressive disease, which involves hemody-
namic abnormalities as well as a rheumatic process  [11, 
12] , causing progressive obstruction of the left ventricular 
inflow. When the valve area decreases to  ! 2 cm 2 , subjects 
usually develop exertional dyspnea as the initial symp-
tom. Once this area decreases below 1.5 cm 2 , intervention 
is often necessary because of the intolerable symptoms or 
pulmonary hypertension, especially in patients with fea-
sible valve morphology for PBMV  [1] . Increased left atri-
al, pulmonary and right heart pressures and decreased 
cardiac output are the main hemodynamic disturbances 
encountered in MS.

  PBMV, which is the treatment of choice in patients 
with pure MS with favorable mitral valve morphology, is 

Table 1. B aseline characteristics, echocardiographic parameters 
and copeptin levels of patients and controls

Baseline characteristics MS patients
(n = 29)

Controls
(n = 28)

p

Age, years
Male/female, n
BMI
Diabetes mellitus, n
Hypertension, n
Current smoker, n
Total cholesterol, mg/dl
LDL cholesterol, mg/dl
HDL cholesterol, mg/dl
Triglyceride, mg/dl
Na, mEq/l
K, mEq/l
Cl, mEq/l
Fasting glucose, mg/dl
Hemoglobin, g/dl
LVDD, cm
LVDS, cm
LVEF, %
Copeptin, pg/ml

44.4812.3
22/7

25.282.8
2 (6.9)
4 (13.7)
4 (13.7)

170.2837.9
109.9832.4

39.0821.8
136.3897.1
137.384.3

4.580.6
100.682.8

93.4819.4
13.481.8

4.780.4
3.080.4

62.886.7
61.8834.4

46.2812.4
22/6

24.882.5
2 (7.1)
6 (21.4)
3 (10.7)

181.2842.6
113.3839.2

34.588.9
165.8886.6
139,786.5

4.480.6
100.583.2

99.3816.3
13.281.3

4.780.4
2.980.4

66.187.3
36.8815.2

0.58
0.80
0.62
0.97
0.44
0.72
0.30
0.71
0.31
0.23
0.11
0.57
0.91
0.22
0.55
0.96
0.46
0.08
0.001

D ata are presented as the mean values 8 SD or numbers of 
patients (percentage), as appropriate. p < 0.05 was considered sta-
tistically significant. BMI = Body mass index; LDL = low-density 
lipoprotein; HDL = high-density lipoprotein; Na = sodium; K = 
potassium; Cl = chloride; LVDD = left ventricular end-diastolic 
diameter; LVDS = left ventricular end-systolic diameter; LVEF = 
left ventricular ejection fraction.

Table 2. E chocardiograhic and hemodynamic characteristics and 
copeptin levels before and after PBMV in MS patients

Baseline One day 
after
procedure

p

MVA (planimetry), cm2

MVA (pressure half-time), cm2

Transmitral MG (Doppler) 
mm Hg

Transmitral MG (hemodynamic)
mm Hg

SPAP (Doppler), mm Hg
SPAP (hemodynamic), mm Hg
Copeptin, pg/ml

1.1280.17
1.1180.19

11.483.2

14.985.6
46.389.4
51.4811.9
61.8834.4

1.7680.41
1.8280.32

3.782.1a

5.982.3
35.789.1
38.587.5a

44.1818.2

0.001
0.001

0.001 

0.001
0.001
0.001
0.004

D ata are presented as the mean values 8 SD. p < 0.05 was con-
sidered statistically significant. MVA = Mitral valve area; MG = 
mean gradient.

a Measured immediately at the end of the procedure.
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unique in that it provides dramatic hemodynamic and 
symptomatic relief as soon as it is carried out with suc-
cess. Due to these sudden changes in hemodynamic and 
metabolic parameters in MS after PBMV, it has recently 
seemed to be highly attractive to investigate some char-
acteristics of MS before and after the procedure. For in-
stance, Cagli et al.  [13]  reported higher tumor necrosis 
factor- �  and soluble tumor necrosis factor receptor levels 
in MS patients than in healthy control patients. They also 
showed that these markers reduced gradually at 24 h and 
at 4 weeks after PBMV. Logically, PBMV does not have 
any effect on inflammatory activity. Thus, they attribut-
ed this reduction in the above-mentioned inflammatory 
markers to the hemodynamic relief seen after PBMV. 

  Some researchers studying hemostatic parameters in 
MS showed that MS patients have a hypercoagulable state 
even in sinus rhythm  [14, 15] . In light of these data, To-
paloglu et al.  [16]  evaluated soluble P-selectin (sP-selec-
tin), which is one of the platelet activation markers, in MS 
patients. This molecule, a component of the membrane of 
the alpha and dense granules of platelets, is responsible 
for the adhesion of platelets to leukocytes or the endothe-
lium. In this study, sP-selectin levels were found to be 
higher in MS patients than in the control group. In addi-
tion, it was demonstrated that sP-selectin levels progres-
sively declined at 24 hour and 4 weeks after PBMV.

  NT-proBNP, which is secreted not only from ventri-
cles but also atria  [17] , is a widely used diagnostic mark-
er in congestive heart failure. It is also a prognostic pre-

dictor of adverse cardiovascular events in congestive 
heart failure patients  [18] . This peptide was studied by 
Iltumur et al.  [19]  in MS patients. They found a positive 
relationship between the NT-proBNP level and hemody-
namic parameters in MS patients. In other words, a high-
er NT-proBNP level was associated with a higher trans-
mitral gradient, higher SPAP and more severe MS. Both 
Chadha et al.  [20]  and Ramakrishnan et al.  [21]  con-
firmed that NT-proBNP levels decreased significantly 
24 h after successful PBMV. 

  AVP is necessary to achieve and maintain normal os-
motic and cardiovascular homeostasis. It stimulates free 
water reabsorption through the principal cells of the col-
lecting ducts in the kidney. Its secretion is mainly regu-
lated by the osmotic pressure of body fluids. Besides, 
acute changes in blood volume or pressure play an impor-
tant role in AVP secretion. It also causes a procoagulant 
state by inducing platelet aggregation and the release of 
von Willebrand factor, P-selectin and factor VIII  [22, 23] . 
Before AVP secretion, it is stored as a polypeptide precur-
sor in the neurohypophysis. This preprovasopressin in-
cludes AVP, neurophysin and copeptin. So, if a stimulus 
for AVP secretion occurs, then both AVP and copeptin 
are released into the peripheral blood in equimolar 
amounts. That is, the copeptin level in peripheral blood 
closely reflects the AVP level. Because of the fact that
vasopressin is unstable and largely (more than 90%) at-
tached to platelets, it is very difficult to measure vasopres-
sin in peripheral blood. However, copeptin, the C-termi-
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  Fig. 1.  Changes in echocardiographic pa-
rameters and copeptin levels after PBMV.   

D
ow

nl
oa

de
d 

by
: 

85
.1

04
.2

17
.1

56
 -

 1
0/

7/
20

14
 8

:2
1:

40
 A

M



 Copeptin Response to PBMV in MS  Cardiology 2011;120:221–226 225

nal part of the vasopressin prohormone, is measured 
easily and reliably  [24] . So, nowadays, being able to mea-
sure the copeptin level simply and quickly encourages 
most clinicians to investigate the vasopressin system in 
various clinical conditions. For instance, copeptin was 
shown to be increased during acute exacerbation of 
chronic obstructive pulmonary disease  [25] . In another 
study, Morgenthaler et al.  [26]  studied copeptin in hem-
orrhagic and septic shock patients. They noted higher co-
peptin levels in patients with hemorrhagic and septic 
shock than in the healthy subjects, and copeptin seemed 
to be a prognostic marker in sepsis. Enhörning et al.  [27]  
carried out a study investigating copeptin in glucose me-
tabolism. Interestingly, they found that copeptin predict-
ed the development of diabetes mellitus regardless of dia-
betes risk factors at baseline  [27] . Copeptin has also been 
studied in myocardial infarction and heart failure. Reich-
lin et al.  [28]  examined the value of copeptin to rapidly 
rule out acute myocardial infarction. They reported that 
copeptin combined with troponin appeared to be a good 
marker for rapidly ruling out acute myocardial infarc-
tion. Copeptin was also found to be an independent prog-
nostic biomarker in ST elevation myocardial infarction 
and non-ST elevation myocardial infarction  [29, 30] . 
Neuhold et al.  [6]  assessed copeptin in chronic heart fail-
ure patients and reported that copeptin was superior to 
BNP and NT-proBNP for the prediction of all-cause mor-
tality.

  In the present study, we planned to evaluate the co-
peptin level in MS patients before and after PBMV for the 
first time. The background data encouraged us to carry 
out this study. These data are as follows: firstly, in conges-
tive heart failure, vasopressin is released because of car-
diac output failure  [31, 32] . Cardiac output failure leads to 
arterial underfilling and the stimulation of baroreceptors 
in the aortic arc and carotid sinus. This baroreceptor 
stimulation causes the release of vasopressin and of 
course copeptin. As in congestive heart failure patients, 
MS patients experience arterial underfilling not because 
of left ventricular systolic dysfunction but rather an in-
creased transmitral gradient. Secondly, in chronic ob-
structive pulmonary disease, high vasopressin concen-
trations were detected because of the downregulation of 
vasopressin (V1) receptor caused by hypoxemia  [33] . As 
in chronic obstructive pulmonary disease, pulmonary 
hypertension is usually present in MS because of the in-
creased left atrial pressure, pulmonary arteriolar con-
striction and obliterative changes in the pulmonary vas-
cular bed. Thirdly, Topaloglu et al.  [16]  found high sP-
selectin levels in MS patients. Also, it was shown that AVP 

caused P-selectin release. Therefore, we hypothesized 
that high sP-selectin levels in MS might result from in-
creased AVP levels. 

  Study Limitations 

 This was a single-center study with a small patient 
sample size. We studied copeptin levels only 24 h after 
PBMV. The follow-up period was only 1 day. Therefore, 
we cannot make any conclusions regarding a relationship 
between symptomatic relief and the degree of copeptin 
decrease. 

  Further and larger studies are required to investigate 
the effect of the copeptin level on prognosis in MS pa-
tients. In addition, whether or not the copeptin level can 
be used as a marker combined with hemodynamic pa-
rameters in the decision-making process for PBMV or 
mitral valve replacement in MS patients necessitates fur-
ther clinical trials.

  Conclusion  

 Rheumatic MS patients have significantly higher co-
peptin levels compared to healthy control subjects. PBMV 
results in a dramatic decrease in copeptin levels which 
runs parallel with hemodynamic improvements. 

  Conflict of Interest 

 None.
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