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Abstract

Background: We studied the course of plasma concentrations of 4 cardiovascular biomarkers: natriuretic peptides
(BNP, NT-proBNP; mid-regional (MR) pro-atrial NP); and soluble endothelial CD146 (sCD146), in patients with severe
mitral valve stenosis undergoing percutaneous mitral commissurotomy (PMC) to identify potential markers of
procedural success.

Methods: Biomarkers were tested in 40 patients the day before and the day after PMC. Success was defined as
mitral valve area ≥ 1.5 cm2; or an increase of ≥0.5 cm2 in mitral valve area associated with echocardiographic mitral
regurgitation <grade 3–4 post-PMC.

Results: Average age was 63.5 ± 12.7 years; 32(80%) were female. Before PMC, mean valve area was 1.1 ± 0.2 cm2,
mean gradient 9.1 ± 3.5 mmHg. PMC was successful in 30 (75%) and unsuccessful in 10 (25%). PMC yielded a significant
reduction in MR-proANP and sCD146, driven by a significant reduction in these biomarkers in patients with successful
procedure, whereas no reduction was observed in patients with unsuccessful procedure. A significant correlation was
found between changes in plasma sCD146 and the relative change in mitral valve area. Elevated pre-procedural sPAP
correlated with high sCD146, and accordingly, a significant correlation between the decrease in sPAP and sCD146 after
PMC was shown.

Conclusions: MR-proANP and plasma sCD146 decreased significantly immediately after successful PMC. They appear
to be markers of immediate success of PMC and of the hemodynamic improvement achieved by this procedure in
patients with MS.

Trial registration: This study is part of the cohorts registered with ClinicalTrials.gov on June 16, 2011 under the
number NCT01374880.
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Background
The use of natriuretic peptides has become widespread in
cardiology, with brain natriuretic peptide (BNP) and N-
terminal pro-B-type natriuretic peptide (NT-proBNP)
used daily as markers of heart failure [1–3]. However,
these two biomarkers remain imperfect for the diagnosis
of pulmonary and systemic congestion [4–6]. Therefore,
combining BNP/NT-proBNP with other biomarkers could
help to improve their diagnostic value. In this regard,
other natriuretic peptides such as mid-regional pro-atrial
natriuretic peptide (MR-proANP) are emerging as bio-
markers that are more strongly associated with venous
congestion of cardiac origin [7, 8].
Furthermore, the soluble form of CD146 (sCD146) - an

adhesion molecule expressed by vascular endothelial cells
and implicated in vessel integrity - is released by the endo-
thelium [9] and circulating sCD146 levels are related to pul-
monary congestion in heart failure [10, 11]. However, the
physiology of sCD146 release remains poorly described.
Some authors have shown that sCD146 is released from
the peripheral veins in response to stretch [12], but the in-
volvement of the heart cavities, notably the left ventricle,
and pulmonary circulation in the release of sCD146 during
congestion is unknown.
Mitral stenosis (MS) is a clinical condition that induces

left atrial and pulmonary congestion, with preservation of
the left ventricle. Successful percutaneous mitral commis-
surotomy (PMC) reduces left atrial and pulmonary pres-
sures. In this context, the objectives of the present study
were 1) to describe the behaviour of circulating natriuretic
peptides, namely BNP, NT-proBNP, MR-proANP, and
sCD146 before and after PMC for severe MS, and 2) to in-
vestigate a potential role of these cardiovascular bio-
markers to assess procedural success of PMC.

Methods
Prospective study performed in two university hospitals
(University Hospital Jean Minjoz, Besancon, and Univer-
sity Hospital Bichat, Paris, France). Biomarker measure-
ments were performed in the UMR-S942 Inserm, Paris,
France. The study was approved by the Institutional Re-
view Board of Paris North Hospitals, Paris 7 University,
AP-HP, Paris, France (Comité d’Evaluation de l’Ethique
des Projets de Recherche Biomédicale (CEERB) du GHU
Nord, IRB N°00006477) under the number 10–017. All
patients provided written informed consent.

Study population
Patients with symptomatic severe rheumatic MS with an
indication for PMC were included.

Echocardiographic evaluation
All patients underwent transthoracic (TTE) and trans-
oesophageal echocardiography (TOE) by trained operators

on the day before PMC. Echocardiographic control by
TTE was performed 24 h after the procedure to evaluate
procedural success.
Echocardiography was performed to assess left ven-

tricular ejection fraction (LVEF), measured using Simp-
son’s biplane method, severity of MS as assessed by the
mean transmitral gradient on continuous transmitral
Doppler, and mitral valve area as assessed by planimetry
in the parasternal short axis view in accordance with
current guidelines (14). MS was considered severe if the
valve area was ≤1.5 cm2 by planimetry. Further, the anat-
omy of the mitral valve was classified according to the
Wilkins score [13], which takes into account leaflet mo-
bility, leaflet thickening, subvalvular thickening, and cal-
cification. A Wilkins’ score > 8 is associated with
advanced leaflet deformity and unfavorable anatomy,
while a score ≤ 8 corresponds to a valve anatomy more
amenable to PMC. Mitral regurgitation grade was evalu-
ated semi-quantitatively by color flow Doppler imaging
[14]. Left atrial diameter was measured in the paraster-
nal long axis view; left atrial area and volume were eval-
uated in the 2-chamber and 4-chamber apical views.
The left atrium was considered to be dilated if diam-
eter > 40 mm or area > 20 cm2, or volume > 60 mL. Sys-
tolic pulmonary artery pressure was calculated according
to usual techniques and a diagnosis of pulmonary arter-
ial hypertension was retained if peak tricuspid regurgi-
tant velocity > 2.8 m/sec [15]. Significant (moderate or
severe) aortic stenosis was defined as a mean transaortic
gradient > 20mmHg by transthoracic echocardiography.

Definition of procedural success of PMC
Successful PMC was defined as a mitral valve area ≥ 1.5
cm2; or as an increase of ≥0.5 cm2 in mitral valve area
associated with mitral regurgitation less than grade 3–4
post-PMC as measured by echocardiography. Unsuc-
cessful procedural outcome was defined as a post-PMC
mitral valve area < 1.5 cm2; or an increase of < 0.5 cm2 in
mitral valve area or appearance of mitral regurgitation ≥
grade 3–4 [16].

PMC procedure
All procedures were performed in the cardiac
catheterization laboratory under local anesthetic by
trained, experienced operators using the femoral ap-
proach. The Inoue balloon (Toray Medical Co. Ltd.,
Tokyo, Japan) was used in all procedures. The balloon was
inflated gradually with echocardiographic guidance after
each inflation to check for appearance or aggravation of
mitral regurgitation and opening of the two commissures.
Commissural splitting was defined as either an increased
apparent opening angle of either commissure or increased
leaflet separation associated with an increased transverse
diameter of the orifice, or both [17, 18].
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Data recorded
We recorded demographic and clinical characteristics
for all patients. Venous blood samples were drawn on
the day before, and on the day of PMC using EDTA
tubes that were centrifuged and stored at − 80 °C for
later analysis. Analysis of BNP levels was performed
using the ARCHITEXT i2000 system (Abbott Architect
System, Abbott Laboratories, Abbott Park, IL, USA);
NT-proBNP using the COBAS e601 analyzer (Roche
Diagnostics, Indianapolis, IN, USA); MR-proANP was
analyzed by immunoluminometric assays (B.R.A.H.M.S.
AG, Hennigsdorf, Germany). Finally, sCD146 was mea-
sured using the CY-QUANT ELISA sCD146 kit (Biocy-
tex, Marseille, France).

Statistical analysis
Quantitative data are expressed as mean ± standard devi-
ation when normally distributed, and median [interquar-
tile range] when non-normally distributed. Qualitative
data are expressed as number (percentage). Independent

variables were compared using the Mann-Whitney U-
test, the chi square or Fisher’s exact tests, as appropriate.
Paired variables were compared with the paired-samples
t-test. Correlations between the relative change in each
biomarker, and the relative change in mitral valve area
were evaluated using Spearman’s correlation coefficient.
A p-value < 0.05 was considered statistically significant.
All analyses were performed using MedCalc software
(MedCalc, Mariakerke, Belgium).

Results
Forty-eight patients with severe symptomatic MS were
identified and screened for inclusion in the study from
January 2011 to January 2012. Eight patients (16.6%) had
an anatomical form that was incompatible with PMC
and were thus excluded. The remaining 40 patients (32
women, 8 men) underwent PMC and constitute the
population of this study, and their characteristics are de-
scribed in Table 1. Thirty patients (75%) had a successful
PMC procedure as defined by echocardiographic criteria,

Table 1 Characteristics of the 40 patients submitted to percutaneous mitral commissurotomy, in the overall population and
according to procedural success

Whole population (N = 40) Successful PMC (n = 30) Unsuccessful PMC (n = 10) p value

Age, years 63.5 ± 12.7 60.2 ± 12.8 68.2 ± 10.2 0.08

Female sex 32 (80) 22 (73) 10 (100) 0.6

NYHA class 3–4 23 (57.5) 18 (60) 5 (50) 0.17

Atrial fibrillation 18 (45) 12 (40) 6 (60) 0.46

Previous mitral surgery or PMC 7 (17.5) 4 (13) 7 (70) 0.002

Significant aortic stenosis 6 (15) 5 (17) 1 (10) 0.95

Hypertension 9 (22.5) 5 (17) 4 (40) 0.95

Renal failure (CrCl ≤60 ml/min) 18 (45) 12 (40) 6 (60) 0.46

Obesity 9 (22.5) 7 (23) 2 (20) 0.81

ACEI or ARB 10 (25) 7 (23) 3 (30) 0.98

Beta blockers 20 (50) 13 (43) 7 (70) 0.26

Diuretics 25 (62.5) 17 (57) 8 (80) 0.35

Aldosterone antagonist 8 (20) 4 (13) 4 (40) 0.16

Left atrial diameter, mm 48 ± 7.1 46 ± 7.8 49 ± 6.9 0.28

Left atrial area, cm2 32 ± 7.1 32 ± 37 47 ± 6.9 < 0.0001

Left atrial volume, mm3 129 ± 42 62 ± 20.5 185 ± 37 < 0.0001

Mitral valve gradient, mmHg 9.1 ± 3.5 9.2 ± 3.5 8.7 ± 3.4 0.7

Mitral valve area, cm2 1.1 ± 0.2 1.1 ± 0.2 1.1 ± 0.2 1

LV end-diastolic diameter, mm 49 ± 7.7 49 ± 7.9 46 ± 6.3 0.28

LV end-systolic diameter, mm 31 ± 4.6 31 ± 4.5 30 ± 5 0.55

LVEF % 64 ± 7.9 64 ± 8.1 64 ± 6.9 1

sPAP, mmHg 44 ± 14± 46 ± 15 42 ± 7 0.42

Mitral regurgitation ≥2 8 (20) 6 (20) 2 (20) 0.65

Wilkins score > 8 14 (35) 9 (30) 5 (50) 0.44

PMC percutaneous mitral commissurotomy, NYHA New York Heart Association, CrCl creatinine clearance, ACEI angiotension-converting enzyme inhibitor, ARB
angiotensin-receptor blocker, LVEF left ventricular ejection fraction, sPAP systolic pulmonary artery pressure
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and 10 (25%) were considered to have unsuccessful
outcome.
Average age was 63.5 ± 12.7 years; the majority were

female (n = 32, 80%). Half of the patients were in atrial
fibrillation, and almost 60% had New York Heart Associ-
ation (NYHA) grade 3 or 4 dyspnea.
The echocardiographic findings in the study popula-

tion are detailed in Table 2. The mean valve area was
1.1 ± 0.2 cm2, while mean gradient was 9.0 ± 3.5 mmHg.
Median left atrial volume was 129 mm3, median left
atrial area was 32 cm2 and mean systolic pulmonary ar-
terial pressure was 44 ± 14 mmHg. Left ventricular ejec-
tion fraction was preserved in all patients. Unfavorable
valve anatomy was present in 14 patients (35%) with a
Wilkins score > 8; 8 patients (20%) had mitral regurgita-
tion ≥2, and 7 (17.5%) patients had a history of previous
PMC or surgical commissurotomy.
PMC yielded an average increase of 0.6 cm2 in plani-

metric mitral valve area (0.7 cm2 in those with successful
procedure (n = 30) vs. 0.2 cm2 in those with unsuccessful
procedure (n = 10)) and an average reduction of 3.9
mmHg in mitral gradient (4.5 mmHg in those with suc-
cessful procedure vs. 2.6 mmHg in those with unsuccess-
ful procedure, respectively). Systolic pulmonary artery
pressure was significantly reduced after PMC (− 8
mmHg, p = 0.0003) (Table 2).
Patients with unsuccessful procedure were on average

slightly older, with significantly more frequent history of
PMC or mitral surgery and larger left atria despite

similar grade of MS than those in whom the procedure
was successful (Table 1), perhaps indicating a longer his-
tory of disease.
Circulating cardiovascular biomarkers before and after

PMC are shown in Table 3 and Fig. 1. Before PMC, MR-
proANP and sCD146 were markedly elevated in the
large majority of patients with severe MS. In the overall
population, PMC yielded a significant reduction in
plasma MR-proANP and sCD146. Significant reductions
in these two biomarkers were seen in patients with suc-
cessful procedural outcome, whereas no significant re-
duction was observed in MR-proANP and sCD146 in
patients who had an unsuccessful procedure (Table 3).
There was no significant difference between pre-and post-
PMC levels of NT proBNP. Conversely, BNP, MR
proANP and sCD146 were all significantly lower after
PMC, compared to pre-PMC levels. Notably, a significant
correlation was found between changes in plasma sCD146
and the relative change in mitral valve area (Fig. 2).
Elevated pre-procedural sPAP correlated with high

sCD146 (Fig. 3), but not MR-proANP. Accordingly, a
significant correlation between the decrease in sPAP and
sCD146 after PMC was shown (Fig. 4), whereas no cor-
relation between changes in sPAP and MR-proANP was
shown.

Discussion
Our study describes the behaviour of cardiovascular bio-
markers before and after PMC in patients with severe

Table 2 Echocardiographic findings before and after PMC in the overall study population (n = 40), and according to procedural
success

Whole population (N = 40) Successful PMC (n = 30) Unsuccessful PMC (n = 10)

Pre-PMC Post-PMC p value Pre-PMC Post-PMC p value Pre-PMC Post-PMC p value

Mitral gradient, mmHg 9.0 ± 3.5 5.1 ± 1.6 < 0.0001 9.3 ± 3.5 4.8 ± 1.5 < 0.0001 8.7 ± 3.6 6.1 ± 1.6 0.06

Mitral valve area, cm2 1.1 ± 0.2 1.7 ± 0.3 < 0.0001 1.1 ± 0.2 1.8 ± 0.3 < 0.0001 1.1 ± 0.3 1.3 ± 0.1 0.06

LVEF, % 63 ± 7.9 62 ± 14.7 0.8 64 ± 8.1 66 ± 11.2 0.43 64 ± 7.3 53 ± 18.2 0.09

sPAP, mmHg 44 ± 14 36 ± 8 0.0003 46 ± 15 36 ± 9 0.003 42 ± 7 34 ± 6 0.01

PMC percutaneous mitral commissurotomy, LVEF left ventricular ejection fraction, sPAP systolic pulmonary artery pressure
P-values are for the comparison before vs after by paired Student t test

Table 3 Plasma levels of the 4 cardiovascular biomarkers under study before and after PMC, in the overall population and according
to procedural success

Whole population (N = 40) Successful PMC (n = 30) Unsuccessful PMC (n = 10)

Pre-PMC Post-PMC p value Pre-PMC Post-PMC p value Pre-PMC Post-PMC p value

BNP, pg/mL 182 [80–194] 132 [56–125] 0.028 184 [63–194] 122 [53–123] 0.03 176 [87–193] 161 [60–344] 0.62

NT-proBNP,
pg/mL

1050[232–1171] 739 [219–909] 0.08 1067 [200–1171] 654 [141–706] 0.08 999 [311–1128] 994 [375–1951] 0.97

MR-proANP,
nmol/mL

220 [142–273] 187 [130–224] 0.0025 219 [142–257] 179 [123–219] 0.0012 223 [139–284] 210 [133–347] 0.6

sCD146, ng/mL 379 [308–441] 343[277–416] 0.0081 370 [298–427] 327 [268–378] 0.002 406 [323–483] 389 [283–555] 0.7

PMC percutaneous mitral commissurotomy. P-values are for the comparison before vs after by paired Student t test
Reference values for middle-aged women: BNP < 100 pg/ml, NT-proBNP< 300 pg/mL, MR-proANP< 85 nmol/mL, sCD146 still under investigation, likely < 320 ng/mL
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Fig. 1 Individual data for the plasma cardiovascular biomarkers under study, before (pre) and after (post) percutaneous mitral commissurotomy
for each patient (top panels) and overall (bottom panels)
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MS and investigated the potential role of those cardio-
vascular biomarkers to assess procedural success of
PMC. We showed a significant decrease in plasma levels
of MR-proANP and sCD146 after successful PMC,
whereas no such decrease in these biomarkers is ob-
served in patients in whom the procedure is not
successful.
ANP is a natriuretic peptide specific to the atria, and a

sandwich immunoassay has been developed specifically
for the assessment of MR-proANP [19], which is more
stable and a more reliable analyte for measurement than

mature ANP and its C- and N-terminal segments [20, 21].
The link between MR-proANP and congestion has previ-
ously been established [7], but to date, there has been little
research into the utility of MR-proANP in pathologies
specifically affecting the left atrium. In this regard, our
study provides further evidence that patients with elevated
LA pressure due to MS and preserved LVEF have elevated
MR-proANP levels, which decline after successful PMC,
without any significant relation with the variation in pul-
monary arterial pressure. We can therefore hypothesize
that the elevated left atrial pressure induces wall stretch,

Fig. 2 Correlation between relative change in sCD146 and relative change in mitral valve area

Fig. 3 Correlation between sPAP pre-PMC and sCD146 pre-PMC
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leading to release of MR-proANP and resulting in elevated
plasma concentrations. Successful PMC leads to an im-
provement in hemodynamics, with a drop in left atrial
pressure, and thus, a corresponding drop in plasma levels
of MR-proANP. Our findings are coherent with earlier
publications showing a reduction in ANP after PMC, and
a correlation between changes in plasma ANP and those
in left atrial pressure [22]. Furthermore, MR-proANP has
been shown to be a predictor of adverse cardiac events
after percutaneous repair of severe mitral valve regurgita-
tion [8]. Therefore, it would seem that MR-proANP is a
marker of left atrial disease.
Previous publications have reported that sCD146 was

useful for identifying signs of left heart failure, and the
cardiac origin of dyspnea [10, 11]. However, the patho-
physiology of sCD146 release is not well understood in
the context of pulmonary congestion without left-
ventricular failure. In our study, all patients had pre-
served LVEF, and there was no evidence of increased left
ventricular pressure. Therefore, the elevated pre-proced-
ural sCD146 concentrations are unlikely to be related to
left ventricular release. Our results plead more in favour
of the hypothesis that sCD146 is released at least par-
tially by the pulmonary vasculature. MS leads to pul-
monary congestion, which is reduced by successful
PMC, providing a potential explanation for the reduc-
tion in sCD146 after successful procedure (PMC), and
for the link between pulmonary artery pressure and
sCD146. This hypothesis is in line with previously pub-
lished data showing that sCD146 is markedly elevated in
patients with pulmonary hypertension, and that it is par-
ticularly elevated in patients with MS when their

pulmonary artery pressure exceeds 30 mmHg [23].
sCD146 has also been shown to reflect systemic conges-
tion [12]. Unsuccessful PMC only yields a small reduc-
tion in systolic PAP that has little or no effect on right
ventricular hemodynamics. Consequently, no improve-
ment in systemic congestion ensues, thus explaining
why there is no significant reduction in sCD146 after
unsuccessful PMC.
It is established that sCD146 is at least partially released

by the endothelium, and this fits with our hypothesis [9].
Taken together, these data indicate that sCD146 could be
a relevant marker of PMC success by reflecting the
hemodynamic improvement achieved by the successful
procedure (i.e. reduction in pulmonary and systemic con-
gestion). They also suggest that sCD146 could be a marker
of pulmonary congestion, released in the presence of in-
creased pulmonary pressure, or a marker of systemic con-
gestion, in line with previous publications [10–12].
The success of PMC is usually evaluated by transtho-

racic echocardiography (TTE). However, this technique
suffers from several limitations, including the echogeni-
city of the patient, intra-operator variability, operator ex-
perience, and variability linked to changes in the loading
conditions in a same patient. In this context, assessment
of biomarkers that reflect immediate hemodynamic im-
provement seems to be a good indicator of PMC suc-
cess, and less subject to variability than TTE. Data are
controversial regarding the utility of more widely used
biomarkers, such as BNP and NT-proBNP, to assess the
success of PMC, precluding their use as a reliable indica-
tor in this context [22, 24–26]. Our results suggest that
the drop in sCD146 and MR-proANP could indicate

Fig. 4 Correlation between reduction in sPAP and reduction in sCD146. Negative values mean increase of sCD146 or sPAP between pre
and post-PMC
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immediate procedural success after PMC, reflecting the
hemodynamic improvement achieved by the proced-
ure, especially since the magnitude of the drop in
sCD146 is related to the benefit yielded by the PMC.
To the best of our knowledge, this is the first study
to report the utility of assessing sCD146 and MR-
proANP in the context of PMC.
Our study nonetheless has some limitations that deserve

to be underlined. Firstly, the sample size is relatively small,
although comparable to that of other studies in the field.
Clearly, the sample size is too small to allow identification
of a threshold for procedural success for these two bio-
markers, and consequently, also too low to allow calcula-
tion of their sensitivity and specificity. Furthermore, we
also lack additional hemodynamic parameters, notably in-
vasively measured left atrial pressure measurements. Fi-
nally, our data are from the immediate post-procedural
period, and no follow-up data regarding clinical, echo-
graphic or biological parameters were available in the
medium to long term. Therefore, further studies are war-
ranted to elucidate the pathophysiological mechanisms
underpinning the changes in these biomarkers and to
identify their exact relevance in this indication.

Conclusion
MR-proANP decreased significantly after PMC, likely
due to a reduction in atrial stretch achieved by the suc-
cessful procedure. Plasma sCD146 decreased signifi-
cantly immediately after successful PMC, likely due to
reduced endothelial release secondary to a reduction in
pulmonary pressure. MR-proANP and sCD146 appear
to be markers of immediate success of PMC and of the
hemodynamic improvement achieved by this procedure
in patients with MS.
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