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The relationship between plasma proadrenomedullin level
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ABSTRACT

Objective: In this study, we aimed to determine the plas-
ma proadrenomedullin (ProADM) levels in patients with
rheumatic mitral stenosis (MS), to evaluate the relationship
between ProADM levels and the echocardiographic param-
eters that represent the severity of stenosis and symptoms,
and to compare the ProADM and N-terminal pro-brain na-
triuretic peptide (NT-proBNP) levels, which is a well-known
marker for rheumatic MS.

Methods: Our study included 53 consecutive patients with
isolated rheumatic MS and 45 volunteers with similar age
and gender features. Patients with MS were divided into
two groups based on the presence of an indication for in-
tervention. Detailed echocardiographic examinations were
performed on all participants, and blood samples were col-
lected to detect the NT-proBNP and ProADM levels.
Results: NT-proBNP and ProADM levels were significantly
higher in the rheumatic MS group compared with the con-
trol group. In rheumatic MS groups, patients with an indi-
cation for intervention had higher levels of NT-proBNP and
ProADM compared with patients without an indication for
intervention. Moreover, NT-proBNP and ProADM levels
were found to be significantly correlated with echocardio-
graphic parameters, which revealed the severity of stenosis
in various degrees. Both parameters increased as the New
York Heart Association (NYHA) class increased, and this
increase had a statistical significance. Additionally, the cut-
off values of both parameters (NT-proBNP: 119.9 pg/mL,
ProADM: 6.15 nmol/L) could detect patients with an indi-
cation for intervention with high sensitivity and specificity
rates. NT-proBNP was found to be slightly more effective
in this regard.

Conclusion: The increased NT-proBNP and ProADM levels
in patients with isolated rheumatic MS can help clinicians in
distinguishing patients with an indication for intervention by
providing additional information to echocardiography.

OzZET

Amac: Bu g¢alismanin amaci romatizmal mitral stenozu
(MS) olan hastalarda plazma proadrenomedullin (ProADM)
duzeylerini saptamak, ProADM konsantrasyonu ile stenoz
ciddiyetinin gdstergesi olan ekokardiyografik parametreler
ve semptom dUlizeyi arasindaki iligkiyi incelemek ve kendini
daha 6nce bu alanda ispatlamis N-terminal pro-brain nat-
riuretic peptide (NT-proBNP) ile ProADM'yi kiyaslamaktir.
Yéntemler: Galismaya izole romatizmal MS tanisi ile takip
ve tedavi altinda olan ardisik 53 hasta ile bu hastalarla ben-
zer yas ve cinsiyet 6zelliklerine sahip 45 géndllt dahil edildi.
MS haslarinda kendi icinde girisim endikasyonu olanlar ve
olmayanlar olarak iki gruba ayrildi. Tim deneklere detayli
ekokardiyografi yapilip, NT-proBNP ve ProADM duzeyleri-
nin tespit edilebilmesi icin kan 6rnegi alindi.

Bulgular: Romatizmal MS’i olan hasta grubunda NT-proB-
NP ve ProADM seviyesi kontrol grubuna gére anlami du-
zeyde daha ylksekti. Benzer sekilde romatizmal MS’i olan
hastalar icerisinde girisim endikasyonu olan hastalarda,
girisim endikasyonu olmayanlara gére bu iki parametre
daha yuksek saptandi (p<0.001 ve p<0.001). Bunun yani
sira yapilan korelasyon analizinde romatizmal MS’i olan
hastalarda NT-proBNP ve ProADM seviyeleri hastalik cid-
diyetinin gdstergesi olan ekokardiyografik bulgular ile ¢esitli
derecelerde anlamh korelasyona sahip oldugu gérilda. Her
iki parametrede New York Heart Association (NYHA) sinifi
arttikca artti ve bu artig istatistiki bir anlamliliga sahipti. Bir
diger bulgumuz ise her iki parametre icin hesapladigimiz
kestirim degerlerinin (NT-proBNP: 119.9 pg/mL, ProADM:
6.15 nmol/L) yuksek duyarlilik ve 6zgullik oranlariyla giri-
sim endikasyonu olan hastalar tespit edebiliyor olmasiydi.
NT-proBNP bu anlamda az farkla daha etkili géralda.
Sonuc: Izole romatizmal MS’i olan hastalarda artmis olan
NT-proBNP ve ProADM diizeyleri ekokardiyografiye ek bil-
giler saglayarak girisim endikasyonu olan hastalarin ayirt
edilebilmesinde klinisyenlere yardimci olabilir.
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Ithough the frequency of rheumatic mitral ste-

nosis (MS) has decreased in developed coun-
tries, it is still common in developing countries and
continues to be a serious health problem.!"# The main
aim of the intervention in patients with MS is to re-
store the limitation of the functional capacity. The
determination of the procedure time is one of the
most important points in this patient group. Clinical
symptoms such as dyspnea and fatigue are general-
ly observed when the valve area is <1.5 cm? at rest.
Two-dimensional and Doppler echocardiographic
methods are currently used to determine the severity
of MS. However, as these methods require a certain
quality of echocardiographic image, difficulties are
experienced in patients with insufficient echogenity.

Brain natriuretic peptide (BNP) is a neurohor-
mone that is synthesized and secreted from both ven-
tricular and atrial myocytes in response to increased
wall tension. After it is synthesized as a prohormone,
it is divided into the active part, BNP, and the inactive
part, N-terminal BNP.®! It has diuretic, natriuretic,
and vasodilator effects.! It is a sensitive marker for
left ventricular dysfunction.”® In addition, previous
studies showed that the N-terminal pro-brain natri-
uretic peptide (NT-proBNP) levels increased in pa-
tients with rheumatic MS, and this increase was asso-
ciated with the severity of stenosis and symptoms.”!
However, the role of proadreomedullin (ProADM),
which is a more recent biomarker, remains unclear
in MS patients. ProADM is a precursor of adreno-
medullin (ADM) hormone. ADM, first described in
1993, has a peptide structure that is isolated from
human pheochromocytoma tissue and has vasodila-
tor and hypotensive effects. Its plasma concentration
does not vary on the basis of age or gender.'” In an
animal study, it has been shown that cardiac mechan-
ical tension increased the mRNA levels of ADM.'!

In this study, we aimed to detect the plasma
ProADM levels in patients with rheumatic MS, to
evaluate the relationship between ProADM levels
and echocardiographic parameters that revealed the
severity of stenosis and symptoms, and to compare
ProADM and NT-proBNP, which is a well-known
marker for rheumatic MS.

METHODS

Study population

In our study, we included 53 consecutive patients with
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Transthoracic
echocardiography

Exclusion criteria were the presence of moderate
and severe mitral, tricuspid, and/or aortic regurgita-
tion, aortic stenosis, left ventricular dysfunction on
transthoracic echocardiography (TTE), atrial fibril-
lation, history of cardiac surgery or balloon valvu-
loplasty, renal or hepatic failure, and coronary or pul-
monary disease.

All patients underwent routine evaluation, includ-
ing medical history, physical examination, 12-lead
electrocardiography, two-dimensional echocardiog-
raphy, and blood tests. Functional capacity was as-
sessed on the basis of the New York Heart Associa-
tion (NYHA) classification.

Echocardiographic measurement

Transthoracic echocardiographic examination was
performed according to the recommendations of the
European Association of Cardiovascular Imaging by
using a Vivid S5 3S-RS probe (General Electric Viv-
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id S5; GE Vingmend Ultrasound AS, Horten, Nor-
way) with a 1.7/3.4 MHz phased-array transducer.!'?!

M-mode, two-dimensional, and Doppler echocar-
diograms were obtained in all subjects in the left lat-
eral decubitus position. Left ventricular (LV) and left
atrial (LA) dimensions were measured in the para-
sternal long-axis view. Rheumatic valvular disease
was diagnosed based on features such as thickening
of the valve leaflets and chordal apparatus, restricted
leaflet separation, diastolic doming of the anterior mi-
tral leaflet, commissural fusion or M-mode detection
of diminished mitral E-F slope, and upward move-
ment of posterior mitral leaflet in early diastole. The
severity of the stenosis was quantified by planimetry
in two-dimensional images, by Doppler measure-
ment of transvalvular gradients and by the estima-
tion of the mitral valve area (MVA) with the pressure
half-time method. In addition, peak mitral gradient
(PMG) and mean mitral gradient (MMG) were ob-
tained. The maximal velocity of the tricuspid regur-
gitant jet was assessed by continuous wave Doppler
echocardiography from a low parasternal, long-axis
view of the right ventricular inflow or apical and sub-
costal views. The pressure gradient between the right
ventricle and right atrium was calculated by applying
the Bernoulli equation. An estimated right atrial pres-
sure by using phasic respiratory inferior vena cava
dimensions was added to the transtricuspid gradient
in order to calculate the peak systolic pulmonary ar-
tery pressure (sPAP).

The intra- and inter-observer differences for echo-
cardiographic data were less than 5%.

Laboratory measurements

Venous blood samples were drawn from all patients
within 30 min after the echocardiographic examina-
tion from an antecubital vein into the ethylenediamine
tetra-acetic acid (EDTA) Vacutainer test tubes (Me-
diost BV, Doesburg, the Netherlands) after 30 min of
supine rest. The samples were immediately placed on
ice, and plasma separation was performed at 4°C.

For NT-proBNP determination, an electroche-
miluminescence immunoassay (ProBNP Elecsys
system, Roche Diagnostics GmbH, Mannheim, Ger-
many) was used. For the evaluation of the renal func-
tion, serum creatinine levels were determined and
glomerular filtration rate (GFR) was calculated using
the 2009 CKD-EPI creatinine equation.!

ProADM levels were measured using a commer-
cial human ProADM radioimmunoassay kit (Cusabio
Biotech, Wilmington, DE). The intra-assay coefficient
of variation (CV) of the kit was <8% and the inter-as-
say CV was <10%. The standards or samples were
then added to the appropriate microtiter plate wells
with a biotin-conjugated antibody preparation specific
for ProADM, and Avidin (Innova Biosciences, Cam-
bridge, UK) conjugated to horseradish peroxidase was
added to each microplate well and was incubated. This
was followed by the addition of a 3,3",5,5" tetrameth-
yl-benzidine substrate solution to each well. Only
the wells that contained ProADM, biotin-conjugated
antibody, and enzyme-conjugated Avidin exhibited a
change in color. The enzyme-substrate reaction was
terminated by the addition of sulfuric acid solution,
and the color change was measured spectrophotomet-
rically at a wavelength of 450 nm+2 nm. The values of
ProADM were provided as nmol/L.

Indications for intervention

Intervention indications for patients with rheumatic
MS were defined according to the latest European
Society of Cardiology valvular heart disease guide-
lines as follows:!'¥

Symptomatic patients with MVA <1.5 cm?.

Asymptomatic patients with MVA <1.5 cm? and
high thromboembolic risk features such as systemic
emboli, dense spontaneous echo contrast in left atri-
um, and newly developed atrial fibrillation.

Asymptomatic patients with MVA <1.5 cm? and
high hemodynamic decompensation risk features such
as systolic pulmonary pressure >50 mmHg at rest,
scheduled major non-cardiac surgery, and pregnancy.

Patients with MVA <1.5 cm? and symptomatic
with exercise test.

Statistical analysis

The data was analyzed using the Statistical Package for
the Social Sciences, version 24.0 (IBM SPSS Corp.,
Armonk, NY, USA). Whether the variables showed
normal distribution, visual (histograms and probability
curves) and analytical methods (Kolmogorov-Simirn-
ov or Shapiro-Wilk) were evaluated. The numerical
variables showing normal distribution were expressed
as meanz=standard deviation (SD), numerical variables
not showing normal distribution were expressed as me-
dian (interquartile range), and categorical variables as
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Table 1. Comparison of the mitral stenosis group and control group according to the basal demographics and

laboratory results

Variables Control (n=45) Mitral Stenosis (n=53) p

Age (years) 39.0+10.5 41.4+9.6 0.246
Male, n (%) 10 (22.2) 7 (13.2) 0.240
Body mass index, kg/m? 27.53+5.21 27.95+4.82 0.684
Diabetes mellitus, n (%) 5(11.1) 10 (18.9) 0.288
Hypertension, n (%) 7 (15.6) 8 (15.1) 0.950
Smoker, n (%) 14 (31.1) 9(17.0) 0.100
Systolic blood pressure (mmHg) 122.0+10.0 125.2+5.6 0.049
Diastolic blood pressure (mmHg) 73.0+7.3 75.0+4.4 0.095
Heart rate (bpm) 75 (70-79) 78 (71-85) 0.716
LDL-C (mg/dL) 95 (82-123) 102 (81-123) 0.747
HDL-C (mg/dL) 50 (41-61) 46 (39-62) 0.505
Total cholesterol (mg/dL) 179 (158-207) 174 (148-201) 0.543
Triglyceride (mg/dL) 126 (76-174) 103 (75-161) 0.451
Glucose (mg/dL) 91 (84-96) 91 (86-98) 0.491
Hemoglobin (g/dL) 13.63+1.65 12.62+1.34 0.001
White blood cells (10"%/uL) 8.44+2.25 8.08+2.34 0.449
Platelet (10"/uL) 295162 273+53 0.069
Neutrophil (10"/uL) 4.67 (3.80-5.56) 5.19 (3.50-6.12) 0.597
Lymphocyte (10%/uL) 2.52 (2.16-2.76) 1.99 (1.62-2.75) 0.237
C- reactive protein (mg/dL) 1.7 (1.0-3.9) 2.2 (1.4-5.2) 0.087
Creatinine (mg/dL) 0.65 (0.56-0.78) 0.65 (0.60-0.78) 0.552
Glomerular filtration rate (mL/min) 113+13 106+18 0.029
NT-proBNP (pg/mL) 34.2 (18.3-54.5) 191.0 (89.7-439.0) <0.001
ProADM (nmol/L) 4.13 (2.08-5.89) 7.84 (5.14-9.89) <0.001

Data are presented as percentage, meanzstandard deviation or median (interquartile range).

LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein cholesterol; NT-proBNP: N-terminal pro-brain natriuretic peptide; ProADM:

proadrenomedullin.

percentage (%). The numerical variables such as plas-
ma NT-proBNP and ProADM levels were evaluated
using Student t tests and the Mann-Whitney U test be-
tween the two groups. Chi-Square or Fisher exact test
was used to compare the categorical variables. If there
were more than two groups, numerical variables were
evaluated using the Kruskal-Wallis test. Multivariable
logistic regression analysis was performed to deter-
mine the independent predictors associated with the in-
dication for intervention and high ProADM levels. The
correlation between plasma NT-proBNP and ProADM
levels and the other numerical variables were identified
using Pearson or Spearman tests, and a receiver opera-
tor characteristic (ROC) curve analysis was carried out
to determine the NT-proBNP and ProADM cut-off val-
ues for the diagnosis of rheumatic MS in patients with

an intervention indication. The area under the ROC
curve (AUC) of >0.5, p < 0.05 was accepted as statis-
tically significant.

When the alpha error was accepted as 0.01, the
power of the study was determined as 0.99 with the
G-Power 3.1.9.2 program by using the current sam-
ple size and ProADM levels.

RESULTS

In our study, we included 53 patients with isolated
rheumatic MS and 45 volunteers with similar age and
gender features. The comparison of the MS group and
control group in terms of demographics and laborato-
ry results is presented in Table 1. Plasma NT-proBNP
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Table 2. Comparison of the mitral stenosis group and control group in terms of echocardiographic parameters

Variables Control (n=45) Mitral Stenosis (n=53) p

LVEF (%) 65.6+2.6 62.4+3.1 <0.001
LVEDD (mm) 46.0+3.0 46.3+3.7 0.666
LVESD (mm) 29.7+3.0 28.5+4.0 0.111
Left atrial diameter (mm) 33.5+4.6 43.2+6.2 <0.001
Mitral valve area (cm?) 4.92+0.76 1.37+0.59 <0.001
Mean mitral gradient (mmHg) 2.0 (1.0-2.0) 9.0 (5.0-13.0) <0.001
Peak mitral gradient (mmHg) 3.9+1.3 17.7+£7.9 <0.001
sPAP (mmHg) 18.0 (17.0-20.5) 45.0 (29.0-59.5) <0.001
Mild mitral regurgitation, n (%) 10 (22.2) 26 (49.1) 0.006
Mild aortic regurgitation, n (%) 6 (13.3) 15 (28.3) 0.072
Mild tricuspid regurgitation, n (%) 12 (26.7) 24 (45.3) 0.057

Data are presented as meanzstandard deviation or median (interquartile range).
LVEF: left ventricular ejection fraction; LVEDD: left ventricular end diastolic diameter; LVESD: left ventricular end systolic diameter; sPAP: systolic

pulmonary artery pressure.

and ProADM levels were significantly higher in the
MS group (p<0.001 and p<0.001, respectively). Ad-
ditionally, compared with the control group, in the
MS group, systolic blood pressure was found to be
higher (p=0.001), hemoglobin level (p=0.001) and
GFR (p=0.029) were found to be lower. There was
no statistically significant difference between groups
in terms of other parameters.

In Table 2, groups are compared in terms of echo-
cardiographic parameters. There was no significant
difference between the groups in terms of left ven-
tricular end diastolic diameter (LVEDD), left ven-
tricular end systolic diameter (LVESD), and mild tri-
cuspid and aortic regurgitation rate. However, in the
MS group, left ventricular ejection fraction (LVEF)
and MVA were lower and LA diameter, PMG, MMG,
sPAP, and mild mitral regurgitation rate were higher.

The correlation of the plasma NT-proBNP and
ProADM levels with other numerical variables is
shown in Table 3. NT-proBNP levels had a weak pos-
itive correlation with age, weak negative correlation
with GFR, moderate positive correlation with LA di-
ameter, SPAP, PMG, MMG and Wilkins score, and a
moderate negative correlation with MVA. ProADM
levels had a moderate positive correlation with LA
diameter, sPAP, PMG, MMG and Wilkins score,
and a moderate negative correlation with MVA. The
NT-proBNP level had higher correlation coefficient
than that of the ProADM level for all the variables

that reached significance level, except sPAP. In ad-
dition, weak positive correlation was found between
NT-proBNP and ProADM levels (r=0.448, p<0.001).

Patients with rheumatic MS were divided into
two groups on the basis of the presence of indi-
cation for intervention. A total of 32 (60.4%) pa-
tients had indication for intervention. In our study,
patients with moderate and severe mitral regurgi-
tation and other severe valvular pathologies were
excluded; therefore, the majority of our patients
who had indication for intervention were suitable
candidates for percutaneous mitral balloon valvu-
loplasty. One patient with LA thrombus and two
patients with high Wilkins score were referred for
mitral valve replacement. When these two groups
were compared, the group with intervention indi-
cation was older (p=0.010), had higher body mass
index (p<0.001) and lower GFR (p=0.037). Plasma
NT-proBNP and mid-regional ProADM levels were
significantly higher in the group with intervention
indications than in the group without intervention
indications. As expected, the LA diameter, sPAP,
PMG, and MMG were higher, and MVA was low-
er in the group with intervention indications (Table
4). Multivariate regression analysis was performed
with non-echocardiographic parameters, which
were significantly different from the binary analy-
sis to determine the independent predictors of the
presence of intervention indication (Table 5). As a



ProADM in mitral stenosis 527

Table 3. Correlation of plasma NT-proBNP and ProADM levels with other numerical variables

NT-proBNP ProADM

Variables r p r p
Age 0.391 0.005 0.239 0.087
Glomerular filtration rate -0.323 0.021 -0.219 0.119
LVEF -0.140 0.328 0.064 0.654
LVEDD 0.002 0.992 0.152 0.282
LVESD 0.080 0.576 0.176 0.212
Left atrial diameter 0.581 <0.001 0.502 <0.001
Mitral valve area -0.668 <0.001 -0.574 <0.001
Mean mitral gradient 0.575 <0.001 0.533 <0.001
Peak mitral gradient 0.607 <0.001 0.580 <0.001
sPAP 0.554 <0.001 0.653 <0.001
Wilkins score 0.662 <0.001 0.601 <0.001
ProADM 0.448 <0.001

NT-proBNP 0.448 <0.001

NT-proBNP: N-terminal pro-brain natriuretic peptide; ProADM: proadrenomedullin; LVEF: left ventricular ejection fraction; LVEDD: left ventricular end
diastolic diameter; LVESD: left ventricular end systolic diameter; sPAP: systolic pulmonary artery pressure.

A B
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Figure 1. ROC curves for the plasma (A) NT-proBNP and (B) ProADM levels to detect the patients with intervention indications.
ROC: receiver operator characteristic; AUC: area under curves; Cl: confidence interval; NT-proBNP: N-terminal pro-brain
natriuretic peptide; ProADM: proadrenomedullin.

result of the analysis, both NT-proBNP (p=0.015) Separate ROC curves were performed for the plasma
and ProADM (p=0.019) were found to be associated = NT-proBNP and ProADM levels to detect the patients
with the presence of intervention indication. with intervention indications (Figure 1). According to
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Table 4. Comparison of patients with MS with and without intervention indications in terms of variable parameters

Indication for intervention (-)

Indication for intervention (+)

Variables (n=21) (n=32) p

Age (years) 37.3+6.6 44.1+10.4 0.010
Male, n (%) 3 (14.3) 4 (12.5) 1.0

Body mass index (kg/m?) 25.18+3.47 29.83+4.74 <0.001
Glomerular filtration rate (mL/min) 112+11 102+20 0.037
NT-proBNP (pg/mL) 79.7 (44.8-107.6) 344.0 (191.0-566.3) <0.001
ProADM (nmol/L) 4.60 (2.54-6.74) 9.38 (7.36—10.49) <0.001
LVEF (%) 62.4+2.6 62.4+3.4 0.949
LVEDD (mm) 45.9+3.5 46.6+3.9 0.517
LVESD (mm) 28.1+3.9 28.8+4.2 0.598
Left atrial diameter (mm) 39.1£5.2 45.8+5.2 <0.001
Mitral valve area (cm?) 1.97+0.45 0.98+0.20 <0.001
Mean mitral gradient (mmHg) 5.0 (4.0-6.0) 12.0 (9.6-15.0) <0.001
Peak mitral gradient (mmHg) 11.0 (8.5-12.0) 20.0 (18.0-25.8) <0.001
sPAP (mmHg) 27.0 (21.0-30.0) 55.0 (46.3-63.8) <0.001
Mild mitral regurgitation, n (%) 9 (42.9) 17 (53.1) 0.465
Mild aortic regurgitation, n (%) 5 (23.8) 10 (31.3) 0.556
Mild tricuspid regurgitation, n (%) 10 (47.6) 14 (43.8) 0.782
Wilkins score 4 (4-5) 7 (6-8) <0.001

Data are presented as percentage, meanzstandard deviation or median (interquartile range).
NT-proBNP: N-terminal pro-brain natriuretic peptide; ProADM: proadrenomedullin; LVEF: left ventricular ejection fraction; LVEDD: left ventricular end
diastolic diameter; LVESD: left ventricular end systolic diameter; sPAP: systolic pulmonary artery pressure.

Table 5. Multivariable logistic regression analysis for
the presence of indication for intervention

Multivariable analysis

Variables OR 95% CI p

Age 0.963 0.811-1.142 0.663
Body mass index 1.283 0.995-1.655 0.055
Glomerular filtration rate 0.981 0.898-1.072 0.678
NT-proBNP 1.009 1.002-1.016 0.015
ProADM 1.828 1.106-3.021 0.019

OR: odds ratio; Cl: confidence interval; NT-proBNP: N-terminal pro-brain
natriuretic peptide; ProADM: proadrenomedullin.

the ROC curves, the best cut-off value for NT-proB-
NP was 19.9 pg/mL [p<0.001, AUC (95% CI)=0.931
(0.845-1.000)] and for ProADM was 6.15 nmol/L
[p<0.001, AUC (95% CI)=0.847 (0.717-0.977)] to de-
termine the patients with intervention indications. AUC
for NT-proBNP was higher than that of ProADM. The
power of both parameters’ cut-off values such as sen-

sitivity, specificity, positive predictive value, negative
predictive value, and accuracy in detecting the patients
with intervention indications is shown in Table 6. In ad-
dition, multivariate regression analysis was performed
to determine the factors associated with high ProADM
levels above the cut-off value (Table 7). In this analysis,
only MVA was included among the echocardiographic
parameters in order to prevent interaction with each
other, and it was found that among all the variables in-
cluded in the analysis, only MVA was independently
associated with high ProADM levels (p=0.001).

Patients with rheumatic MS were classified ac-
cording to their symptoms. 21 (39.6%) of the patients
had NYHA class I symptoms, 17 (32.1%) of the pa-
tients had NYHA class II symptoms, 15 (28.3%) of
the patients had NYHA class III symptoms. Accord-
ing to the NYHA classes, patients’ plasma NT-proB-
NP and ProADM levels were compared. Both param-
eters increased with the increase in NYHA class, and
this increase was statistically significant (Figure 2).
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Figure 2. Comparison of plasma (A) NT-proBNP and (B) ProADM levels according to the NYHA classification.
NT-proBNP: N-terminal pro-brain natriuretic peptide; ProADM: proadrenomedullin; NYHA: New York Heart Association.

Table 6. The power of NT-proBNP and ProADM cut-off values to detect the patients with intervention indications

Variables Sensitivity Specificity PPV NPV Accuracy
NT-proBNP >119.9 96.8% 85.0% 90.9% 94.4% 92.2%
ProADM >6.15 96.9% 75.0% 86.1% 93.8% 88.5%

PPV: positive predictive value; NPV: negative predictive value; NT-proBNP: N-terminal pro-brain natriuretic peptide; ProADM: proadrenomedullin.

Table 7. Multivariable logistic regression analysis for
high ProADM level

Multivariable analysis

OR 95% CI p
Age 0.981 0.872-1.104 0.749
Male 0.795 0.096-6.564 0.831
Body mass index 0.992 0.846-1.163 0.917
Glomerular filtration rate 0.990 0.925-1.060 0.780
Mitral valve area 0.074 0.015-0.354 0.001

OR: odds ratio; CI: confidence interval; ProADM: proadrenomedullin.

DISCUSSION

In our study, we found that NT-proBNP and ProADM
levels were significantly higher in the rheumatic MS
group compared with the control group. In the rheu-
matic MS group, patients with intervention indica-
tions had higher levels than those in patients with-
out intervention indications. Moreover, we showed

that in patients with rheumatic MS, NT-proBNP and
ProADM levels were correlated with echocardio-
graphic parameters and symptoms. The other finding
was that the cut-off values of both parameters had
high sensitivity and specificity to detect the patients
with intervention indications.

Natriuretic peptides are usually synthesized and
secreted in ventricular myocytes in response to an
increase in LV wall tension and in atrial myocytes
because of an increase in atrial wall stress.'>! Their
role in determining the diagnosis and prognosis of
heart failure is well defined.'®! The previous stud-
ies showed that BNP levels increased in rheumatic
valve diseases.”!"'It has been shown that BNP and
NT-proBNP levels are associated with an increase in
LA wall tension and pulmonary hypertension rather
than an increase in LV wall stress in patients with
isolated MS.""¥1 While previous studies commonly
focused on natriuretic peptides over the past decade,
there is a growing interest in the role of other circu-
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lating biomarkers such as ProADM, a stable peptide
of the ADM precursor. This peptide is responsible
for volume regulation and electrolyte homeostasis.
91 Tn our study, it has been shown that the narrow-
ing in MVA was independently associated with high
ProADM level. This suggests that the increase in
atrial wall stress is effective in ProADM synthesis as
well as in natriuretic peptides.

Preproadrenomedullin is a precursor peptide of
adrenomedullin consisting of 185 amino acids. As a
result of the separation of amino acids from the struc-
ture of this precursor peptide, first ProADM and then
immature adrenomedullin are formed. At the end of
the enzymatic destruction, matured adrenomedul-
lin is formed.” As the half-life of ADM in the cir-
culation is short, its binding rate to plasma proteins
is high, and 85% is found as inactive precursors;
hence, a more stable and easy-to-measure precursor
ProADM is used in clinical studies.*"! In our study,
we preferred ProADM instead of ADM.

Increased ProADM levels are related to the in-
creased mortality and morbidity in patients with
heart failure, independent from the natriuretic pep-
tides. ProADM surpasses all other determinants in
identifying patients with the highest risk of mortality,
particularly within 30 days. A prognostic advantage
has been consistently demonstrated for a variety of
cardiovascular disease states, including acute heart
failure.""”!

In a multinational Biomarkers in Acute Heart
Failure (BACH) study on patients with heart failure
who were admitted to the emergency department
with acute dyspnea, ProADM levels had high prog-
nostic values and compared with the other natriuretic
peptides, the prognostic value of ProADM was found
to be better.””! Similarly, in the ProBNP Investigation
of Dyspnea in the Emergency Department (PRIDE)
study, 560 patients who were admitted to the emer-
gency department with shortness of breath were
evaluated and 180 of them had acute decompensated
heart failure. The heart failure group had significant-
ly higher NT-proBNP (p<0.001), atrial natriuretic
peptide (p<0.001), and ProADM (p<0.001) levels,
while ProADM had the highest AUC for the 1-year
mortality. ProADM was found to be an independent
predictor for mortality at 1-year [p<0.001, hazard
ratio (HR)=2.70] and 4-year (p=0.03, HR=1.51) fol-
low-ups.'**! Adlbrecht et al.* followed 786 patients

with chronic heart failure for 24 months. In this pe-
riod, 223 patients died. In Cox regression analysis
age, LVEF, NYHA class, and ProADM levels were
found to be the independent predictors of mortality
[p<0.001, HR (95% CI)=2.12 (1.56-2.88)]. A similar
result was also found by Gegenhuber et al.”! where
137 patients with acute decompensated heart failure
were followed up for 12 months. In this period, 41
patients died. ROC curve analysis, for 1-year mor-
tality prediction, showed AUCs of BNP [AUC (95%
CI)=0.716 (0.633-0.790)], pro-atrial natriuretic pep-
tide (ProANP) [AUC (95% CI)=0.725 (0.642-0.798)]
and ProADM [AUC (95% CI)=0.708 (0.624-0.782)]
were similar.

In our study, there was no significant correla-
tion between ProADM level and LVEF. This may
be explained by the exclusion of patients with low
LVEF from the study. Herein, we aimed to prevent
the ProADM level from being affected by a reason
other than MS. Again, contrary to expectations, no
significant relationship was seen between age, GFR
and ProADM levels. Although the correlation be-
tween age and ProADM was close to the limit of
significance, it was found to be insignificant. The
small sample size and the narrow age range may have
caused this result. Patients with renal failure were not
included in the study. The lowest GFR included in
the study was 74 mL/min. It would be more accurate
to evaluate the ProADM-GEFR relationship by exam-
ining patients with various kidney function tests.

Turker et al.?® evaluated the relationship between
mitral regurgitation (MR) and ProADM levels, and
they revealed that high ProADM levels were signifi-
cantly associated with the severity of MR (p<0.001)
and NHYA class (p<0.001). Additionally, they divid-
ed the patients with MR into two groups according
to the presence of symptoms and they found signifi-
cantly higher ProADM levels in symptomatic pa-
tients [7.50+7.15 nmol/L versus 3.54+3.51 nmol/L,
(p<0.001)]. Again, according to the 12-month fol-
low-up results of the same study, plasma ProADM
levels were significant in univariate analysis
[p<0.001, HR (95% CI)=1.168 (1.079-1.264)]; how-
ever, in multivariate analysis, ProADM levels were
not found to be independent predictors [p=0.169, HR
(95% CI)=1.062 (0.975-1.157)]. Baldenhofer et al.l*"
investigated the plasma ProADM levels in patients
with severe aortic stenosis who underwent transcath-
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eter aortic valve implantation (TAVI), and they found
that plasma ProADM levels were independent pre-
dictors of 1-year all-cause mortality [p=0.037, HR
95% CI)=3.34 (1.08-10.35)] and cardiovascular
events [p=0.036, HR (95% CI)=2.59 (1.07-6.30)]
such as NT-proBNP and ProANP levels. Consider-
ing these studies, we excluded patients with valvular
pathologies other than MS, which may cause an in-
crease in volume or pressure load in the heart cavities
and cause an increase in the plasma ProADM level.

Unlike our study, in two studies, plasma ADM lev-
el but not ProADM level was investigated in patients
with MS. Nishikimi et al.*®! investigated the relation-
ship between plasma ADM level and PAP in patients
with MS, and they found that patients with MS had
higher ADM concentrations than age-matched nor-
mal controls (3.9+0.3 pmol/L versus 2.5+0.3 pmol/L,
p<0.001). ADM venous concentrations were cor-
related with mean PAP (r=0.65, p<0.001), total pul-
monary vascular resistance (r=0.83, p<0.001), and
pulmonary vascular resistance (r=0.65, p<0.001).
Yamamoto et al.” investigated the change in ADM
level in 15 patients who underwent percutaneous mi-
tral balloon valvuloplasty. They found that plasma
ADM level in the peripheral vein was significantly
higher in patients with MS (n=15, 59.8+2.7 pg/mL)
compared with healthy subjects (n=15, 27.3+3.2 pg/
mL, p<0.001).

In our study, we tried to present how the plasma
ProADM levels differ in patients with rheumatic MS
compared with the controls and according to the se-
verity of stenosis. To the best of our knowledge, there
is no study investigating ProADM levels in this group
of patients. In addition, we compared the ProADM
and NT-proBNP, which is a well-known marker, in
terms of its correlation with echocardiographic pa-
rameters that revealed the severity of disease and its
power in detecting patients requiring intervention. As
a result, we represented that NT-proBNP was a more
valuable marker, even with a slight difference, com-
pared with ProADM in our study group.

On the other hand, the levels of these two parame-
ters were evaluated according to the symptom levels
of the patients, and it was found that they showed
a significant increase as the NYHA class increased.
The presence of symptoms is an important indica-
tion for intervention according to the current guide-
line recommendations. In clinical practice, these two

biomarkers may be considered in patients who have
difficulty in expressing their symptoms or in patients
whose symptoms cannot be distinguished from any
non-cardiac pathology or MS.

Limitations

This study had some limitations. First of all, this
study was conducted in a single center and in a rela-
tively small population. In addition to the small size
of the group, patients with rheumatic MS were quite
heterogeneous in terms of the MVA. The natriuretic
peptides other than NT-proBNP were not evaluated.
The prospective follow-up data were not included in
the study. Again, it may be a good study to show the
change in ProADM levels after interventional treat-
ment of rheumatic MS that wasn’t included in the
study.

Conclusion

The increased NT-proBNP and ProADM levels in
patients with isolated rheumatic MS may provide
additional information to echocardiography in the
evaluation of mitral valve stenosis. Especially when
echocardiography has limited image quality, it can be
a pathfinder in detecting the severity of disease. In
addition, we think that these two parameters can help
clinicians to distinguish patients with isolated rheu-
matic MS with intervention indications. Prospective
studies with larger populations are needed to support
our findings.
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