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Abstract
Introduction: Several studies have reported that elevated 
N-terminal pro-B-type natriuretic peptide (NT-proBNP) is as-
sociated with poor outcomes in patients with heart failure or 
coronary artery disease. Its prognostic utility in patients un-
dergoing aortic valve replacement (AVR) has not been fully 
described.
Aim: To assess the predictive abilities of the NT-proBNP pa-
rameter in terms of the occurrence of serious postoperative 
complications in the early observation period in patients un-
dergoing aortic valve replacement surgery.
Material and methods: A prospective study was conducted on 
a group of consecutive patients with hemodynamically signifi-
cant aortic stenosis who underwent aortic valve replacement 
surgery. One day before surgery a blood sample for the mea-
surement of biomarker levels was collected from each patient. 
The primary endpoint was any major adverse events including 
death within 30 days.
Results: The study included 245 patients who underwent aortic 
valve replacement surgery with or without concomitant proce-
dures on the ascending aorta. The mean age in the study group 
was 66 ±11 and there were 149 (61%) men. In 160 patients a bi-
ological aortic valve prosthesis was implanted, and in 85 a me-
chanical valve. The composite endpoint occurred in 74 patients. 
The actual mortality was 3.2% vs. the mortality of 2.9% predicted 
by the EuroSCORE II model. In multivariate analysis NT-proBNP  
(p = 0.01), age (p = 0.02) and NYHA class (p = 0.01) remained in-
dependent predictors of the composite endpoint. A correlation 
was found between the level of NT-proBNP and hs-TnT (r = 0.27;  
p < 0.001), ejection fraction (EF) (r = –0.48; p < 0.001), NYHA 
class (r = 0.3; p < 0.001) and pulmonary blood pressure (r = 0.48; 
p < 0.001).
Conclusions: Elevated preoperative NT-proBNP was associated 
with a poorer outcome following AVR.

Key words: N-terminal pro-B-type natriuretic peptide, aortic 
stenosis, valve surgery.

Streszczenie
Wprowadzenie: W dotychczasowych badaniach wykazano, że 
podwyższone wartości N-końcowego propeptydu natriuretycz-
nego typu B (NT-proBNP) wiążą się z gorszymi wynikami lecze-
nia u pacjentów z niewydolnością serca lub chorobą wieńco-
wą. Zdolność predykcyjna parametru NT-proBNP u pacjentów 
poddanych operacji wymiany zastawki aortalnej z  powodu 
ciężkiej stenozy nie została dotychczas w pełni wyjaśniona. 
Cel: Ocena zdolności predykcyjnych parametru NT-proBNP pod 
względem występowania poważnych powikłań pooperacyj-
nych we wczesnym okresie obserwacji u pacjentów poddawa-
nych operacji wymiany zastawki aortalnej.
Materiał i  metody: Prospektywne badanie przeprowadzone 
w  grupie kolejnych pacjentów z  istotną objawową stenozą 
zastawki aortalnej poddawanych klasycznej operacji wymiany 
zastawki aortalnej. W dniu poprzedzającym operację od każ-
dego pacjenta pobrano próbkę krwi w celu oznaczenia stężenia 
biomarkerów. Pierwszorzędowym punktem końcowym w okre-
sie 30-dniowej obserwacji było wystąpienie poważnych powi-
kłań pooperacyjnych, w tym zgonu ze wszystkich przyczyn.
Wyniki: Badaniem objęto 245 pacjentów, z  czego 61% (149) 
stanowili mężczyźni. Średni wiek w  badanej grupie wynosił  
66 ±11 lat. U 160 pacjentów w ujście aortalne wszczepiono pro-
tezę biologiczną, natomiast u pozostałych 85 pacjentów pro-
tezę mechaniczną. Główny punkt końcowy wystąpił u 74 pa- 
cjentów. Rzeczywista śmiertelność 30-dniowa wynosiła 3,2%,  
w  porównaniu z  ryzykiem zgonu wynoszącym 2,9% osza-
cowanym przy użyciu kalkulatora EuroSCORE II. W  anali-
zie wieloczynnikowej parametr NT-proBNP (p = 0,01), wiek  
(p = 0,02) oraz stopień niewydolności serca wg klasyfikacji 
NYHA (p = 0,01) były niezależnymi predyktorami pierwszorzę-
dowego punktu końcowego. Stwierdzono istotną korelację po-
między poziomem NTpro-BNP oraz hs-TnT (r = 0,27; p < 0,001), 
LVEF (r = –0,48; p < 0,001), klasą NYHA (r = 0,3; p < 0,001) 
i skurczowym ciśnieniem w tętnicy płucnej (r = 0,48; p < 0,001).
Wnioski: Podwyższony przedoperacyjny poziom NT-proBNP 
związany był z gorszym wynikiem leczenia operacyjnego ste-
nozy aortalnej.

Słowa kluczowe: N-końcowy propeptyd natriuretyczny typu B, 
stenoza aortalna, operacja zastawkowa serca.
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Introduction
Heart valve surgery is associated with a risk of serious 

post-operative complications, including death [1]. Com-
monly used calculators for cardiac surgery risk assessment, 
such as EuroSCORE II and STS, have limitations due to lim-
ited discrimination and calibration [2–7]. It has been dem-
onstrated that biomarkers such as troponin T, red cell dis-
tribution width or the number of erythrocytes determined 
before heart valve surgery are predictors of death in the 
early postoperative period [8–11]. 

N-terminal pro-B-type natriuretic peptide (NT-proBNP) 
is a prohormone secreted into the blood by cardiomyocytes 
(mainly the left ventricle) participating in the regulation of 
water-sodium management and maintenance of homeo-
stasis of the cardiovascular system. The active form of the 
hormone (B-type natriuretic peptide) increases the glomer-
ular filtration as well as the reduction of sodium resorp-
tion in the kidney and inhibits the secretion of renin and 
aldosterone. B-type natriuretic peptide (BNP) also inhibits 
the activity of the sympathetic system and directly affects 
the dilation of blood vessels; moreover, BNP is a hormone 
that counterbalances the neurohumoral mechanisms trig-
gered in the process of developing heart failure. The pro-
cess of secretion of NT-proBNP by cardiomyocytes occurs 
in response to increasing their voltage when the initial or 
subsequent load increases. The increase in the concentra-
tion of BNP and NT-proBNP in the blood indicates the acti-
vation of the compensation mechanism that occurs before 
the onset of symptoms of heart failure [12–14]. Information 
on the usefulness of NT-proBNP in patients with aortic ste-
nosis undergoing aortic valve surgery is limited and needs 
to be supplemented with an evaluation of its usefulness as 
a predictive factor [15–17]. 

Aim
Because there is a need to supplement the risk assess-

ment tools in patients undergoing aortic valve replacement, 
we decided to evaluate the suitability of NT-proBNP in pa-
tients with aortic stenosis. 

Material and methods
This is a prospective study of consecutive patients with 

hemodynamically significant aortic stenosis (a mean pres-
sure gradient ≥ 40 mm Hg and/or a valve area below 1 cm2) 
that were approved for cardiac surgery and subsequently 
underwent elective surgery replacement of the valve, with 
or without additional procedures at the Institute of Cardi-
ology in Warsaw, Poland. The exclusion criteria were: ac-
tive endocarditis, active neoplastic diseases, age under  
18 years, a  lack of consent to participate in the study, 
significant atherosclerotic changes in the coronary arter-
ies. Once a  patient gave his/her consent to participate 
the following data were collected: age, body mass index 
(BMI), gender, comorbidities, the results of echocardiog-
raphy findings, the assessment of the coronary arteries, 
the risk of surgery using EuroSCORE II. One day before 
surgery a blood sample for the measurement of biomarker 

levels was collected from each patient. Complete blood 
count was performed with K2-EDTA samples, using a Co-
bas 6000 electronic counter (Roche, Mannheim, Germa-
ny). The plasma levels of NT-proBNP concentrations were 
measured by the electrochemiluminescent immunoassays 
Elecsys 2010 (Roche, Germany). In all patients procedures 
were performed through a  midline sternotomy incision 
under general anaesthesia in normothermia. All patients 
were given cold blood cardioplegia at the initial dose of 15– 
20 ml/kg followed by booster doses of 5–10 ml/kg every 
20 minutes. The primary composite end-point consisted of 
death from all causes as well as: postoperative myocardial 
infarction (defined as the development of new Q waves in 
two or more leads on an electrocardiogram or alterations 
of myocardial contractility that did not previously exist in 
echocardiography), stroke, hemodynamic instability (the 
need for supply of mechanical circulatory support – intra-
aortic balloon pump or extracorporeal membrane oxygen-
ation despite the inclusion of catecholamines), postopera-
tive renal failure requiring renal replacement therapy (the 
decision to start hemodiafiltration was made by the team 
of anesthesiologists responsible for the patient with the 
diagnosis of AKI and persisting high parameters of the kid-
neys and anuria despite intensive conservative treatment), 
prolonged mechanical ventilation (longer than 24 hours, or 
the need for reintubation) and the occurrence of multiple-
organ failure (based on laboratory parameters and/or the 
need to use organ replacement therapy). The follow-up of 
patients was conducted through direct observation dur-
ing hospitalization, telephone interviews, or clinic visits for  
30 days after the surgery. The protocol was approved by the 
Institutional Ethics Committee, number 1705.

Statistical analysis
The statistical analysis was carried out using SAS ver-

sion 9.2. Univariate and multivariate logistic regression was 
used to assess relationships between variables. The preop-
erative covariates – age, body mass index (BMI), stroke in 
history, atrial fibrillation, coronary artery disease, peripher-
al atherosclerosis, diabetes mellitus, hypertension, chronic 
obstructive airways disease, chronic kidney disease (GFR 
< 60 ml/min/1.73 m2), left ventricle ejection fraction, pul-
monary blood pressure, NYHA classes, bilirubin, creatinine, 
high-sensitivity troponin T (hs-TnT) and NT-proBNP – were 
investigated for an association with the endpoint. Signifi-
cant variates (p < 0.05) identified from univariate analysis 
were entered into multivariate models. The predictive value 
of NT-proBNP was assessed by comparison of the respec-
tive areas under the receiver operator characteristic curves. 
The Youden index was used to determine the cut-off point 
that meets the criterion of maximum sensitivity and speci-
ficity for the primary end-point.

Results
The study included 245 patients who underwent aor-

tic valve replacement with or without concomitant proce-
dures on the ascending aorta. The mean age in the study 
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group was 66 ±11 and there were 149 (61%) men. In 160 
patients a biological aortic valve prosthesis was implant-
ed, and in 85 a mechanical valve. Fourteen (5.7%) patients 
had significantly impaired left ventricular systolic function 
(ejection fraction < 35%). The mean plasma preoperative 
NT-proBNP level was 1051 ±939 pg/ml. Baseline charac-
teristics of the patients are presented in Table I. The pri-
mary end-point occurred in 74 patients: perioperative 
renal failure in 14 patients, prolonged mechanical venti-
lation in 29 patients, stroke in 7 patients and mechanical 
circulatory support in 6 patients. Multi-organ failure was 
observed in 23 patients. Myocardial infarction occurred in  
5 patients. Eight patients died during the follow-up period 
as a  result of gradually increasing multi-organ failure. In  
15 patients more than one major complications occurred. 
The actual mortality was 3.2% vs the mortality 2.9% pre-
dicted by the EuroSCORE II model. Statistically significant 
predictors of combined end-point at univariate analysis are 
presented in Table II. In multivariate analysis NT-proBNP 
(OR = 1.208; 95% CI: 1.098–1.314; p = 0.01), age (OR = 1.037; 
95% CI: 1.006–1.068; p = 0.02) and NYHA classes (OR = 2.132; 
95% CI: 1.154–3.936; p = 0.01) remained independent pre-
dictors of the composite endpoint. A correlation was found 
between the level of NT-proBNP and hs-TnT (r = 0.27;  
p < 0.001), EF (r = –0.48; p < 0.001), NYHA class (r = 0.3;  
p < 0.001) and pulmonary blood pressure (r = 0.48;  
p < 0.001). The optimal cut-off point for the primary end-
point was calculated as 1254 pg/ml NT-proBNP. The area 
under the receiver operator characteristic curve for postop-
erative major complications including death for NT-proBNP 
is 0.749 (95% CI: 0.713–0.785) (Figure 1).

Discussion
This is one of the few studies showing the prognostic 

significance of NT-proBNP in patients with valvular heart 
disease. In the present study, the parameter NT-proBNP 
was found to be an independent predictor of death and 
serious postoperative complications in a prospective study 
in patients undergoing aortic valve replacement surgery 
because of severe stenosis at the 30-day follow-up. The ac-
tual mortality in the present study was about 3% and was 
close to the risk assessed using the EuroSCORE II model. 
The main cause of death was gradually increasing multi-
organ failure. In the presented group, in which the average 

age was about 66 years, in 34% of patients a mechanical 
aortic valve prosthesis was implanted. It is worth noting 
that as many as 25% of patients before cardiac surgery had 
indications for anti-clotting treatment due to the presence 
of atrial fibrillation. The present study showed a significant 
correlation between NT-proBNP values and left ventricular 
ejection fraction, NYHA class and pulmonary artery pres-
sure. 

In the available literature, the utility of NT-proBNP as 
a predictive factor in patients with heart failure, coronary 
heart disease, myocardial infarction or mitral and aortic re-

Table I. Baseline characteristics of the study population (n = 245)

Preoperative characteristics of patients Values

Age [years]* 66 ±11

Male: men, n (%) 149 (61)

Body mass index [kg/m2]* 27 ±5

Atrial fibrillation, n (%) 62 (25)

Stroke in history, n (%) 15 (6)

Diabetes mellitus, n (%) 47 (19)

Peripheral atherosclerosis, n (%) 15 (6)

Hypertension, n (%) 118 (48)

Current smoker, n (%) 72 (29)

Chronic obstructive airways disease, n (%) 29 (12)

Chronic kidney disease (GFR < 60 ml/min/1.73 m2), n (%) 66 (27)

LV ejection fraction (%)* 59 ±11

Pulmonary blood pressure [mm Hg]* 39 ±15

NYHA I, n (%) 2 (1)

NYHA II, n (%) 138 (56)

NYHA III, n (%) 101 (41)

NYHA IV, n (%) 4 (2)

EuroSCORE II* 2.9 ±2.5

NT-proBNP [pg/ml]* 1051 ±939

Hs-TnT [ng/l] 25 ±13

Bilirubin [µmol/l]* 13 ±9

Creatinine [mmol/l]* 90 ±2

Ascending aortic aneurysm, n (%) 24 (10)

Values are represented by the mean* and a measure of the variation of the 
internal standard deviation. GFR – glomerular filtration rate, Hs-TnT – high-
sensitivity troponin T, LV – left ventricle, NT-proBNP – N-terminal pro-B-type 
natriuretic peptide, NYHA – New York Heart Association.

Table II. Univariate analysis of predictive factors for occurrence of the composite endpoint

Variable  Univariate analysis Multivariate analysis

Odds ratio 95% CI P-value Odds ratio 95% CI P-value

Age [years] 1.043 1.022–1.130 0.001 1.037 1.006–1.068 0.02

Bilirubin [mg/dl] 1.076 1.022–1.130 0.003

LV ejection fraction (%) 0.975 0.953–0.998 0.03

NYHA, classes 2.943 1.661–5.214 0.0002 2.132 1.154–3.936 0.01

NT-proBNP [pg/ml] 2.654 1.546–4.556 0.0001 1.208 1.098–1.314 0.01

Pulmonary blood pressure [mm Hg] 1.057 1.027–1.088 0.002

LV ejection fraction – left ventricle, NT-proBNP – N-terminal pro-B-type natriuretic peptide, NYHA – New York Heart Association.



Kardiochirurgia i Torakochirurgia Polska 2019; 16 (4)158

The usefulness of N-terminal prohormone brain natriuretic peptide in patients undergoing aortic valve replacement

gurgitation has been described [18–24]. Information on the 
utility of NT-proBNP in patients undergoing valve surgery 
is limited. Georges et al. found that changes in NT-proBNP 
concentrations in the early post-operative period in pa-
tients operated on due to mitral regurgitation or aortic ste-
nosis did not significantly correlate with the severity of car-
diac valve disease [25]. Filsoufi et al. in a prospective study 
in a group of 42 patients undergoing mitral valve surgery 
found that the pre-operative level of BNP was not a predic-
tor of complications in the early postoperative period [26]. 
On the other hand, in a study of a group of 75 patients un-
dergoing mitral valve surgery, the preoperative NT-proBNP 
was an independent predictor of serious complications in 
the 30-day observation [27]. Moreover Jiang et al. reported 
that the NT-proBNP level assessed on the first day after 
aortic valve surgery provided good discrimination of post-
operative heart failure and identifies patients at particular 
risk of poor long-term survival [15].

It is worth noting that the level of NT-proBNP is taken 
into account when qualifying patients for surgery because 
of valvular heart disease. On the one hand, higher values ​
are an indication for qualification for valvular heart disease 
surgery, especially in asymptomatic patients [28–30]. The 
results of the present study indicate at the same time that 
pre-operative decompensation of the circulatory system 
in the group of patients with aortic stenosis expressed by 
high values increase in NT-proBNP may be associated with 
an increase in serious post-operative complications, includ-
ing death. 

Conclusions
The results of this study indicate that NT-proBNP is 

a useful parameter for estimating the risk of postoperative 

complications including death in patients with aortic steno-
sis. Further studies are needed regarding the usefulness of 
NT-proBNP as a predictor of complications in patients with 
heart valve disease undergoing cardiac surgery. The results 
of our research may be helpful in the perioperative strategy 
in patients undergoing aortic valve surgery. 

Disclosure
The authors report no conflict of interest.

References
1.	 Duchnowski P, Hryniewiecki T, Kuśmierczyk M, Szymański P. The usefulness 

of perioperative lactate blood levels in patients undergoing heart valve sur-
gery. Kardiochir Torakochirurgia Pol 2019; 16: 114-117.

2.	 Nashef SA, Roques F, Sharples LD, Nilsson J, Smith C, Goldstone AR, Lock-
owandt U. EuroSCORE II. Eur J Cardiothorac Surg 2012; 41: 734-744.

3.	 Parolari A, Pesce L, Trezzi M, Cavallotti L, Kassem S, Loardi C, Pacini D, Tre- 
moli E, Alamanni F. EuroSCORE performance in valve surgery: a meta-analy-
sis. Ann Thorac Surg 2010; 89: 787-793.

4.	 Duchnowski P, Hryniewiecki T, Kuśmierczyk M, Szymański P. Performance of 
the EuroSCORE II and the Society of Thoracic Surgeons score in patients 
undergoing aortic valve replacement for aortic stenosis. J Thorac Dis 2019; 
11: 2076-2081. 

5.	 Borracci RA, Rubio M,  Celano L,  Ingino CA,  Allende NG,  Ahuad Guerre- 
ro RA. Prospective validation of EuroSCORE II in patients undergoing cardiac 
surgery in Argentinean Centres. Interact. Cardiovasc Thorac Surg 2014; 18:  
539-543.

6.	 Kuwaki K, Inaba H, Yamamoto T, Dohi S, Matsumura T, Morita T, Amano A. 
Performance of the EuroSCORE II and the Society of Thoracic Surgeons 
Score in patients undergoing aortic valve replacement for aortic stenosis.  
J Cardiovasc Surg 2015; 56: 455-462.

7.	 Chalmers J, Pullan M, Fabri B, McShane J, Shaw M, Mediratta N, Poullis M. 
Validation of EuroSCORE II in a modern cohort of patients undergoing car-
diac surgery. Eur J Cardiothorac Surg 2013; 43: 688-694.

8.	 Duchnowski P, Hryniewiecki T, Koźma M, Mariusz K, Piotr S. High-sensitivity 
troponin T is a  prognostic marker of hemodynamic instability in patients 
undergoing valve surgery. Biomark Med 2018; 12: 1303-1309.

9.	 Petaja L, Rosio H, Mildh L, Suojaranta-Ylinen R,  Kaukonen KM,  Jokinen JJ, 
Salmenperä M, Hagve TA, Omland T, Pettilä V. Predictive value of high-sen-
sitivity troponin T in addition to EuroSCORE II in cardiac surgery. Interact 
Cardiovasc Thorac Surg 2016; 23: 133-141.

10.	 Duchnowski P, Hryniewiecki T, Kuśmierczyk M, Szymański P. Red cell distribu-
tion width as a predictor multiple organ dysfunction syndrome in patients 
undergoing heart valve surgery. Biol Open 2018; 7 pii: bio.036251.

11.	 Duchnowski P, Hryniewiecki T, Stokłosa P, Kuśmierczyk M, Szymański P. 
Number of erythrocytes as a prognostic marker in patients undergoing heart 
valve surgery. Kardiol Pol 2018; 76: 791-793.

12.	 Maisel A, Mueller C, Adams K, Anker SD,  Aspromonte N,  Cleland JG,  Co-
hen-Solal A,  Dahlstrom U,  DeMaria A,  Di Somma S,  Filippatos GS,  Fona- 
row GC,  Jourdain P, Komajda M, Liu PP, McDonagh T, McDonald K, Meba-
zaa A, Nieminen MS, Peacock WF, Tubaro M, Valle R, Vanderhyden M, Yan- 
cy CW, Zannad F, Braunwald E. State of the art: using natriuretic peptide 
levels in clinical practice. Eur J Heart Fail 2008; 10: 824-839.

13.	 Zaphiriou A, Robb S, Murray-Thomas T, Mendez G, Fox K, McDonagh T, Hard-
man SM, Dargie HJ, Cowie MR. The diagnostic accuracy of plasma BNP and 
NTproBNP in patients referred from primary care with suspected heart fail-
ure: results of the UK natriuretic peptide study. Eur J Heart Fail 2005; 7: 537-
541.

14.	 Fuat A, Murphy JJ, Hungin APS, Curry J, Mehrzad AA, Hetherington A, John-
ston JI, Smellie WS, Duffy V, Cawley P. The diagnostic accuracy and utility of 
a B-type natriuretic peptide test in a community population of patients with 
suspected heart failure. Br J Gen Pract 2006; 56: 327-333.

15.	 Jiang H, Vánky F, Hultkvist H, Holm J, Yang Y, Svedjeholm R. NT-proBNP and 
postoperative heart failure in surgery for aortic stenosis. Open Heart 2019; 
6: e001063. 

16.	 Solberg OG, Ueland T, Wergeland R, Dahl CP, Aakhus S, Aukrust P, Gulle-
stad L. High-sensitive troponin T and N-terminal-brain-natriuretic-peptide 

Figure 1. Area under receiver operating characteristic (ROC) curve 
of NT-proBNP for major complications including death following 
aortic valve replacement surgery

Se
ns

it
iv

it
y

100

80

60

40

20

0
0	 20	 40	 60	 80	 100

100-Specificity

AUC = 0.749 
p < 0.001



Kardiochirurgia i Torakochirurgia Polska 2019; 16 (4) 159

Original paper

predict outcome in symptomatic aortic stenosis. Scand Cardiovasc J 2012; 
46: 278-285. 

17.	 Weber M, Arnold R, Rau M, Brandt R, Berkovitsch A, Mitrovic V, Hamm C. 
Relation of N-terminal pro-B-type natriuretic peptide to severity of valvular 
aortic stenosis. Am J Cardiol 2004; 94: 740-745.

18.	 Puri A, Narain VS, Mehrotra S, Dwivedi SK,  Saran RK,  Puri VK. N-terminal 
probrain natriuretic peptide as a predictor of short-term outcomes in acute 
myocardial infarction. Indian Heart J 2005; 57: 304-310.

19.	 Holm J, Vidlund M, Vanky F, Friberg Ö, Håkanson E, Walther S, Svedjeholm R. 
EuroSCORE II and N-terminal pro-B-type natriuretic peptide for risk evalu-
ation: an observational longitudinal study in patients undergoing coronary 
artery bypass graft surgery. Br J Anaesth 2014; 113: 75-82. 

20.	Duchnowski P, Hryniewiecki T, Kuśmierczyk M, Szymanski P. N-terminal of 
the prohormone brain natriuretic peptide is a predictor of hemodynamic in-
stability in valve disease. Biomark Med 2019; 13: 353-358. 

21.	 Weber M, Hausen M, Arnold R, Moellmann H,  Nef H,  Elsaesser A,  Mitro- 
vic V, Hamm C. Diagnostic and prognostic value of N-terminal pro B-type 
natriuretic peptide (NT-proBNP) in patients with chronic aortic regurgitation. 
Int J Cardiol 2008; 127: 321-327. 

22.	Yusoff R, Clayton N, Keevil B, Morris J, Ray S. Utility of plasma N-terminal 
brain natriuretic peptide as a marker of functional capacity in patients with 
chronic severe mitral regurgitation. Am J Cardiol 2006; 97: 1498-1501. 

23.	 Litton E, Ho KM. The use of pre-operative brain natriuretic peptides as a pre-
dictor of adverse outcomes after cardiac surgery: a systematic review and 
meta-analysis. Eur J Cardiothorac Surg 2012; 41: 525-534.

24.	Cuthbertson BH, Croal BL, Rae D, Gibson PH,  McNeilly JD,  Jeffrey RR,  
Smith WC, Prescott GJ, Buchan KG, El-Shafei H, Gibson GA, Hillis GS. N-ter-
minal pro-B-type natriuretic peptide levels and early outcome after cardiac 
surgery: a prospective cohort study. Br J Anaesth 2009; 103: 647-653.

25.	 Georges A, Forestier F, Valli N, Plogin A, Janvier G, Bordenave L. Changes in 
type B natriuretic peptide (BNP) concentrations during cardiac valve replace-
ment. Eur J Cardiothorac Surg 2004; 25: 941-955. 

26.	Filsoufi F, Rahmanian PB, Salzberg S, von Harbou K, Bodian CA, Adams DH. 
B-type natriuretic peptide (BNP) in patients undergoing mitral valve surgery. 
J Card Surg 2008; 23: 600-605.

27.	 Perreas K, Samanidis G, Dimitriou S, Athanasiou A, Balanika M, Smirli A, Ant-
zaka C, Politis K, Khoury M, Michalis A. NT-proBNP in the mitral valve surgery. 
Crit Pathw Cardiol 2014; 13: 55-61.

28.	Baumgartner H, Falk V, Bax JJ, De Bonis M, Hamm C, Holm PJ, Iung B, Lancel-
lotti P, Lansac E, Rodriguez Muñoz D, Rosenhek R, Sjögren J, Tornos Mas P, 
Vahanian A, Walther T, Wendler O, Windecker S, Zamorano JL; ESC Scientific 
Document Group. 2017 ESC/EACTS Guidelines for the management of valvu-
lar heart disease. Eur Heart J 2017; 38: 2739-2791.

29.	Duchnowski P, Hryniewiecki T, Kuśmierczyk M, Żebrowska A, Kuśmierczyk M, 
Szymański P. High-sensitivity troponin T as a prognostic marker in pa-
tients undergoing aortic valve replacement. Pol Arch Intern Med 2017; 127:  
628-630.

30.	Duchnowski P, Hryniewiecki T, Kuśmierczyk M, Szymański P. The usefulness 
of selected biomarkers in aortic regurgitation. Cardiol J 2019; 26: 477-482.


