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S U M M A R Y  
 
 
 The aim of the paper was to examine the echocardiographic parameters of the right ventricle (RV), 
its diameter and pulmonary arterial pressure (PAP); to determine their relationship to B-type natriuretic 
peptide (BNP), troponin and (TnI) and high-sensititity C-raective protein (hsCRP), and to evaluate their 
prognostic significance to one-year mortality in patients with acute heart failure (AHF). 
 The study included a total of 225 patients (pts) (70.29 ± 9.74 years) who were admitted to Intensive 
care unit due to the signs and symptoms of AHF. The values of standard biochemical parameters, BNP, 
TnI and hsCRP were determined during the first 24 hours after admission. All patients underwent 
echocardiographic examination. 
 During a one-year follow-up, 78 (34.70%) patients died. As compared with the group of survivors 
(n = 147), the group of non-survivors had higher values of BNP (853.10 ± 384.92 vs. 1399.68 ± 464.44 pg/mL, p 
< 0.001), TnI (0.59 ± 2.04 vs. 2.00 ± 8.29 ng/ml, p < 0.05), right ventricular diameter and PAP (p < 0.001). BNP 
was positively correlated with TnI (ρ = 0.311), PAP (ρ = 0.255) and right ventricular diameter (ρ = 0.304, p < 
0.001 for all correlations). The cut-off value of BNP ≥ 1062.04 pg/ml, PAP ≥ 44.5 mmHg and TnI ≥ 0.04 ng/ml 
were associated with a higher risk of mortality. 

Our results have shown that BNP, PAP and TnI are strong and independent predictors of one-year 
mortality in hospitalized patients with acute heart failure. 
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I N T R O D U C T I O N  
 

There is a very high mortality rate in acute 
heart failure (AHF), so that clinical risk assessment 
after AHF hospitalization still represents a relevant 
challenge (1, 2). All-cause mortality is generally 
higher in heart failure with reduced ejection fraction 
(HFrEF) than heart failure with preserved ejection 
fraction (HFpEF) (3). The symptoms of AHF are not 
specific, which is the reason for occasional delayed 
diagnosing (3), especially when the information is 
obtained by applying the standardized approach, 
which includes physical examination, electrocardio-
graphy and chest X-ray (4). 

Blood levels and determination of B-type na-
triuretic peptide (BNP) and N-terminal pro hormone 
BNP (NT-proBNP) represents the gold standard for 
the diagnosis and prognosis in patients with acute 
dispnea (5). However, certain factors such as age, 
sex, race, body mass index and renal function, can 
have a negative impact on the accuracy of the BNP 
test (6). So far, the results of the researches have 
shown that echocardiographic determinants of the 
left ventricle (ejection fraction, end-diastolic and 
end-systolic volume) are independant predictors of 
the mortality in patients with AHF (7). 

Untill now, only few studies have investigated 
the right ventricle (RV) echocardiographic parame-
ters and their significance in predicting the mortality 
of patients with AHF. In addition, a few studies have 
investigated a correlation of these parameters with 
heart failure (HF) biomarkers such as BNP and NT-
proBNP (8). 

The aim of the present study was to examine 
the echocardiographic parameters of RV, its diame-
ter and pulmonary arterial pressure (PAP); to 
determine their relationship to BNP, Troponin I (TnI) 
and high-sensititity C-raective protein (hsCRP), and 
to evaluate their prognostic significance to one-year 
mortality in patients with AHF. 

 
PATIENTS AND METHODS 

 
This prospective study included 225 consec-

utive patients, admitted to the Intensive Care Unit of 
the Institute for Treatment and Rehabilitation “Niška 
Banja”, Cardiology Clinic, from July 1, 2016 to July 1, 
2018. All patients had the signs and symptoms of 
AHF. Ethics Committee of the Institute for Treat-
ment and Rehabilitation “Niška Banja” approved the 
study; also, every patient signed an informed con-

sent before entering the trial. The diagnosis of AHF 
was made according to the ESC guidelines for AHF 
(9). Also, the same diagnosis of AHF had to be con-
firmed on patient discharge. In each patinet, during 
the first hospital day, standard laboratory analysis 
and analysis of specific biomarkers (BNP, TnI and 
hsCRP - ELISA method) were done.  

During the first 48 hours of hospitalization, 
echocardiographic examination was performed in all 
patients (Esaote Mylab Alpha 60 echomachine; two 
experienced cardiologists), according to Europaen 
Society of Echocardiography guidelines (10). Also, 
24-hour Holter monitoring (Del Mar) was performed 
in all patients, as well as the analyses of the fre-
quency and complexity of ventricular arrhythmias 
and heart rate variability parameters. 

After being discharged from the hospital, the 
patients were monitored for the following 12 
months. 

For statistical analysis, we used Chi-square 
(χ2)-test, Student's t-test, and Mann-Whitney U-test. 
Data are presented as frequencies or means with 
standard deviation (SD). The correlations analysis 
were determined by Spearman's correlation. One-
year mortality of AHF was determined by multi-
variate logistic regression analysis and multivariate 
Cox's regression analysis after correction for con-
founders (age, sex, systolic blood pressure, renal 
function, therapy). Testing for biomarkers (BNP, 
TnI) and PAP as predictors of mortality was esti-
mated using ROC (receiver operating characteristics) 
curves by calculating the area under the curve and 
by determining the statistical significance. The  cut-
off was determined as the value of the product of 
optimal sensitivity and specificity. Statistical ana-
lyses was performed using the Statistical Package for 
Social Sciences (SPSS-20; Chicago, IL, USA) for the 
level of statistical significance of p < 0.05. 

 
RESULTS 

 
The study included 225 patients, 146 men 

(65%) and 79 women (35%), mean age 70.29 ± 9.74 
years. During a one-year follow–up, 78 (34.70%) pa-
tients died. The most frequent cause of AHF in the 
observed population was the coronary disease (55%), 
followed by valvular diseases (19%) and dilated 
cardiomyopathia of unknown etiology (19%). 

Demographic, clinical and biochemical charac-
teristics of the whole cohort and comparison of the 
analyzed data between the examined groups (one- 
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Table 1. Baseline demographic, clinical and biochemical characteristics (total  
cohort and according one-year survival) 

 

Parameters 
Total 
N=225 

Non-survivors 
N=78 

Survivors 
N=147 

p 
(η2) 

Age (years) 70.29 ± 9.74 70.24 ± 10.20 70.31 ± 9.52     0.960 

Sex (M/W) 146/79 52/26 94/53     0.770 

Number of previous hospitalizations 1.46 ± 1.65 1.72 ± 1.75 1.33 ± 1.59     0.091 

BNP (pg/mL) 1042.58 ± 488.55 1399.68 ± 464.44 853.10 ± 384.92 < 0.001 

TnI (ng/mL) 1.08 ± 5.18 2.00 ± 8.29 0.59 ± 2.04    0.048 

hsCRP (mg/L) 11.16 ± 12.09 12.72 ± 10.00 10.33 ± 13.02    0.159 

PAP (mmHg) 43.41 ± 10.20 49.67 ± 10.65 40.09 ± 8.24 < 0.001 

RVEDD (mm) 28.43 ± 4.96 31.09 ± 5.60 27.02 ± 3.93 < 0.001 

LVEF (%) 32.31 ± 11.38 27.45 ± 10.73 34.89 ± 10.87 < 0.001 

SBP (mmHg) 135.02 ± 25.41 124.23 ± 24.75 140.75 ± 23.93 < 0.001 

DBP (mmHg) 82.04 ± 14.44 77.24 ± 14.59 84.59 ± 13.74 < 0.001 

HR (R/min) 92.22 ± 23.60 87.18 ± 22.73 94.89 ± 23.70    0.019 

BMI (kg/m2) 27.41 ± 4.88 27.19 ± 4.66 27.92 ± 5.38 0.479 

GFR (mL/min) 60.86 ± 28.26 64.29 ± 27.40 59.40 ± 28.65 0.373 

TC (mmol/L) 4.62 ± 1.35 4.65 ± 1.43 4.56 ± 1.17 0.702 

LDL-C (mmol/L) 3.00 ± 1.09 3.04 ± 1.16 2.90 ± 0.88 0.465 

HDL-C (mmol/L) 1.09 ± 0.35 1.10 ± 0.34 1.05 ± 0.37 0.519 

TG (mmol/L) 1.41 ± 0.87 1.42 ± 0.97 1.39 ± 0.61 0.807 

Ventricular arrhythmias 43 (34.70) 32 (36.80) 11 (29.70) 0.538 

Hypotension 18 (15) 2 (11) 16 (89) 0.043 

BNP = B-type natriuretic peptide, TnI = Troponin-l, hs-CRP = High-sensitivity C-reactive protein, PAP = 
Pulmonary arterial pressure, RVEDD = End-diastolic diameter right ventricular, LVEF = Ejection fraction left ventricule, 
SBP = Systolic blood pressure, DBP = Diastolic blood pressure, HR = Heart rate, BMI = Body mass index, GFR = 
Glomerular filtration rate, TC = Total cholesterol, LDL = Low-density lipoprotein cholesterol, HDL-C = High-density 
lipoproteins cholesterol, TG = Triglyceride 

 
Table 2. Correlation between biomarkers (BNP, TnI, hsCRP), right and left ventricular parameters  

(Spearman´s coefitients) 
 

Parameters BNP TnI hsCRP PAP RVEDD LVEF 

BNP - 0.311***  0.082 0.255**  0.304** -0.459*** 

TnI  0.311***       - 0.163* 0.091  0.097 -0.131* 

hsCRP  0.082   0.163*     - 0.168*  0.168* -0.131* 

PAP  0.255***   0.091 0.168* -  0.685** -0.212** 

RVEDD  0.304***   0.097   0.168*  0.685**     - -0.285*** 

LVEF -0.459***  -0.131* -0.131*   -0.212** -0.285*** - 

                 *** Correlation significant for the level 0.001(2-)    ** 0.01(2-)    * 0.05 (2-) 
 

BNP = B-type natriuretic peptide, TnI = Troponin-l, hs-CRP = High-sensitivity C-reactive protein, PAP = Pulmonary 
arterial pressure, RVEDD = End-diastolic diameter right ventricular, LVEF = ejection fraction left ventricule 
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year survival) are shown in Table 1. 
The mean age of the deceased was 70.24 ± 

10.20 years, while the mean age of survivors was 
70.31 ± 9.52 years (non-sig.). The group of non-sur-
vivors compared to the group of survivors had 
higher values of BNP (853.10 ± 384.92 vs 1399.68 ± 
464.44 pg/mL, p < 0.001), hsCRP (10.33 ± 13.02 vs 
12.72 ± 10.0 mg/L, ns), TnI (0.59 ± 2.04 vs 2.00 ± 8.29 
ng/ml, p < 0.05), right ventricular diameter (27.02 ± 
3.93 vs 31.09 ± 5.60 mm, p < 0.001) and PAP (40.09 ± 
8.24 vs 49.67 ± 10.65 mmHg, p < 0.001) (11). 

The relationship between BNP, TnI and 
hsCRP, and certain parameters of the left and right 
ventricular function are presented in Table 2. 

A positive linear correlation was found be-
tween BNP and TnI (ρ = 0.311), BNP and PAP (ρ = 
0.255) and BNP and right ventricular diameter (ρ = 
0.304), p < 0.001 for all correlations, hsCRP and ven-
tricular function parameters (ρ = 0.168, p < 0.05). A 
significant negative correlation was found between 
BNP and LVEF (ρ = - 0.459, p < 0.05), TnI and hsCRP, 
and LVEF (ρ = - 0.131, p < 0.05) (11), while there was 
no significant correlation between TnI and right ven- 
 

tricular function parameters (non-sig.). 
Mean values of biomarkers (BNP, TnI, hsCRP) 

in relation to the right and left ventricular param-
eters PAP, RVEDD and LVEF are shown in Tables 3 
and 4.  

Out of 225 patients, those with the right ven-
tricular diameter RVEDD ≤ 30 mm (n = 158) had low-
er values of BNP than patients (n = 67) with the right 
ventricular diameter RVEDD > 30 mmHg (928.25 ± 
235.84 vs.1312.19 ± 238.58 pg/ml, p < 0.001). The val-
ues of TnI and hsCRP were not significantly differ-
ent between these groups of patients (Table 3). 

Patients with PAP < 40 mmHg (n = 104) and 
patients with LVEF ≥ 30% (n = 122) had lower values 
of BNP (Table 4) than patients with PAP ≥ 40 mmHg 
(n = 121) and patients (n = 103) with LVEF < 30% (p < 
0.001 for all correlations). There was no statistically 
significant difference in values of biomarkers TnI 
and hsCRP in relation to RVEDD, PAP and LVEF. 

By applying a multivariate logistic regression 
analysis, parameters shown in Table 5 (bold) were 
identified as independent predictors of mortality of 
AHF (Table 5).  

 
 

Table 3. Values of BNP, TnI i hsCRP in relation to RVEDD 
 

Parameters 
Total 

N = 225 

RVEDD 
P 

value ≤ 30 mm 
N = 158 

> 30 mm 
N = 67 

BNP (pg/ml)  1042.58 ± 188.55 928.25 ± 235.84 1312.19 ± 238.58 0.001 
TnI (ng/ml) 1.08 ± 0.52 0.78 ± 0.48 1.78 ± 0.70 0.186 
hsCRP (mg/l) 11.16 ± 2.09 10.17 ± 1.89 13.48 ± 2.73 0.061 

 
Table 4. Values of BNP, TnI i hsCRP in relation to PAP and LVEF 

 

Parameters 
PAP LVEF 

< 40 mmHg 
N = 104 

≥ 40 mmHg 
N = 121 

P 
value 

< 30% 
N = 103 

≥ 30% 
N = 122 

P 
value 

BNP (pg/ml) 878.68 ± 239.20 1183.45 ± 286.50 0.001 1250.02 ± 287.12 867.45 ± 207.52 0.001 
TnI (ng/ml) 0.96 ± 0.94 1.18 ± 0.72 0.741 1.24 ± 0.66 0.95 ± 0.49 0.676 
hsCRP (mg/l) 10.24 ± 1.73 11.5 ± 2.47 0.292 12.24 ± 2.45 10.24 ± 1.97 0.218 

 
Multivariate logistic regression analysis after 
adjustment (age, gender, etc) showed that higher 
values of BNP (P < 0.001), PAP ( P < 0.001) and TnI (P 
< 0.01) were independently associated with one-year 
mortality of AHF, while other parameters were not 
significant as predictors for mortality. The best and 

independent predictors for one-year mortality in-
creased the risk as follows: BNP, PAP and TnI.  

The parameters shown in Table 6 after adjust-
ment (age, sex, etc) were distinguished as significant 
and independent predictors for one-year mortality: 
TnI (p < 0.01) and PAP (p < 0.001), while other pa- 
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Table 5. Predictors of one-year mortality of AHF 
(Logistic regression analysis) 

 

Parameter Sig. 
OR – 

Exp (B) 
95% CI for EXP(B) 

Lower Upper 

BNP < 0.001 1.003 1.002 1.004 

TnI 0.005 1.274 1.074 1.510 

hsCRP 0.307 1.019 0.983 1.056 

SBP 0.080 0.972 0.941 1.003 

DBP 0.313 1.026 0.976 1.078 

PAP < 0.001 1.099 1.038 1.164 

RVEDD 0.919 1.005 0.909 1.112 

LVEF 0.950 0.999 0.959 1.040 

HR 0.077 0.985 0.968 1.002 

Table 6. Predictors of one-year mortality of AHF  
(Cox regression analysis) 

 

Parameter Sig. HR  
95% CI for HR 

Lower Upper 

TnI 0.002 1.047 1.018 1.078 

hsCRP 0.107 1.012 0.997 1.028 

PAP < 0.001 1.087 1.051 1.124 

RVEDD 0.058 0.932 0.867 1.003 

 
BNP = B-type Natriuretic Peptide, TnI = Troponin-

1, hs-CRP = High-sensitivity C-reactive protein, SBP = 
Systolic blood pressure, DBP = Diastolic blood pressure, 
PAP = Pulmonary arterial pressure, RVEDD = End-
diastolic diameter right ventricular, LVEF = Ejection 
fraction left ventricule, HR = Heart rate. 

 
Table 7. Predictive values of BNP, TnI and PAP for the prediction of one-year mortality 

 

Test Result 
Variable(s) 

Area 
(AUC) 

Asymptotic 
Sig. 

Coordinates of the Curve 

Cut-off value Sensitivity (%) Specificity (%) 

BNP (pg/ml) 0.820 0.001 1062.04 74.4 72.8 

TnI (ng/ml) 0.696 0.001 0.04 68.6 65.3 

PAP (mmHg ) 0.776 0.001 44.50 68.9 70.7 

 

 
Figure 1. ROC curve of BNP, TnI and PAP for the prediction of one-year mortality 

 
BNP = B-type natriuretic peptide, TnI = Troponin-l, PAP = Pulmonary arterial pressure. 

Source of the Curve:        
BNP 

                     TnI 
                      PAP 

                     Reference Line 
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rameters were not significant to be the predictors of 
one-year mortality. The best and independent pre-
dictors which increased the risk of one-year mortal-
ity are TnI and PAP. 

The values of BNP, TnI and PAP for the pre-
diction of one-year mortality were assessed by the 
ROC curve (Table 7, Figure 1). 

Out of the tested biomarkers (BNP, TnI and 
hsCRP) for one-year mortality using ROC curves by 
calculating the area under the curve, BNP showed 
the best discriminant value.  

The cut-off value of BNP ≥ 1062.04 pg/ml was 
associated with a higher risk of mortality (AUC = 
0.820, p < 0.001). Beside BNP, PAP ≥ 44.5 mmHg, as 
well as TnI ≥ 0.04 ng/ml (AUC = 0.696, p < 0.001), was 
also associated with a higher risk of mortality (AUC 
= 0.776, p < 0.001) (11).  

 
DISCUSSION 
 
The overall one-year mortality in our study 

group was very high - 34.7%, and it was higher than 
in other studies that had a similar design (12). In our 
study, the analyses of BNP, TnI and hsCRP, and 
functional parameters of both ventricles (RVEDD, 
PAP, an LVEF) distinguished the concentrations of 
BNP, TnI, PAP and an LVEF as significant predictors 
of one-year mortality in patients hospitalized due to 
AHF. 

Previous studies have shown that BNP is an 
independent predictor of mortality in patients with 
systolic and diastolic heart failure (13). The study by 
Peacock et al. (14), the results of which are similar to 
ours, shows that increased TnI levels have strong 
prognostic significance in predicting one- year mor-
tality of patients hospitalized with the diagnosis of 
decompensated HF. It is known that slight increase 
in troponin can be expected in a serious HF (NYHA 
class III and IV), but also during the episodes of HF 
decompensation, as well as in the absence of the 
acute coronary syndrome and severe coronary artery 
disease. The fact that in our studied AHF population 
ischemic etiology of heart failure was present in 55% 
of patients may be explained by a lower statistical 
significance of TnI prediction. 

The results of a meta-analysis on 6,600 pa-
tients showed that there was a significant correlation 
between increased hsCRP level and adverse CV 
events, which implies mortality of patients with 
chronic HF, regardless of the etiology which may be 
ischemic or non-ischemic. However, there are not 

sufficient data on the prognostic significance of 
hsCRP in AHF (15). Unlike some studies (16), our 
results show that hsCRP is an independent predictor 
of mortality in patients with AHF. 

It is shown that a combination of two HF bio-
markers (eg, BNP and CRP and TnI or BNP) contrib-
utes to better risk stratification in patients with AHF 
than it was achieved with the use of a single bio-
marker (17). 

Also, there are no studies that have dealt with 
simultaneous determining of the "cut-off" values of 
BNP or CRP and TnI as well as echocardiographic 
parameters of the left and right ventricle in assessing 
the severity and prognosis of patients with AHF. A 
RV-HF is a HF caused by pulmonary hypertension 
or left-sided HF (18). Regardless of the HF etiology, 
increasing BNP can be a direct result of the increased 
pulmonary pressure and RV dysfunction (19). Our 
results show that RV dysfunction and consequent 
PAP increase significantly cause an increase in the 
value of BNP. 

These results were first found by Mariano-
Goulart et al. (20) in patients with HF-RV. Also, in a 
recent study, Vogelsang et al. (19) have demon-
strated the importance of BNP in detecting systolic 
dysfunction of the right ventricle independently of SI 
etiology. 

The results of this study indicate that the pa-
rametric values of BNP ≤ 1062.04 pg/mL, TnI ≤ 0.04 
ng/ml and PAP ≤ 44.5 mmHg are associated with a 
reduced risk of one-year mortality of hospitalized 
patients with HF. In our group of patients with an 
enlarged RV and increased PAP values, there were 
significantly increased levels of BNP, while the val-
ues of TnI and hsCRP were not associated with the 
parameters of the RV function. After adjusting the 
effects of certain cofounders, beside BNP and TnI, 
PAP was also distinguished as a strong and indepen-
dent predictor. The increasing value of this marker 
for 1 mmHg increases the risk of death by 8.7%. 
Recently, Bistol et al. (21) have pointed out the prog-
nostic significance of simultaneous evaluation of RV 
using tissue Doppler and evaluation of BNP concen-
tration. 

Our results could be very important in the 
clinical practice for distinguishing cardiogenic from 
respiratory dyspnea early during hospitalization. In 
a recent study, Meyer et al. (22) have demonstrated 
that dysfunction of the RV was an independent pre-
dictor of mortality in patients with systolic HF but 
not in the population over 75 years old. 
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It is crucial to perform simultaneous proce-
dures which include the determination of the level of 
BNP, TnI and echocardiographic assessment of the 
RV function which will allow faster distinction of the 
patients with AHF (left-sided and right-sided AHF), 
better clinical assessment and better prognosis. The 
task for the future researches is to understand this 
syndrome better, which will help improve the diag-
nostic and therapeutic strategies of AHF in admis-
sion cardiology units and during early hospital-
ization. 

 
CONCLUSION 
 
The results of this study pointed to the impor-

tance of combining echocardiography with biomark-
er assessments of pathophysiological AHF mecha-
nisms during the early phase of hospitalization. 

The values of BNP ≥ 1062.04 pg/ml, PAP ≥ 44.5  
 

mmHg and TnI ≥ 0.04 ng/ml were associated with 
the high mortality risk. 

Our results showed that BNP, PAP and TnI 
are strong and independent predictors of one-year 
mortality in patients hospitalized with acute heart 
failure. 
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S A Ž E T A K  
 

 
Cilj studije bio je proceniti prognostički značaj dijametra desne komore, plućnog arterijskog pritiska 

(PAP) i biomar-kera: natriuretski peptid tipa B (BNP), troponin I (TnI) i C-reaktivni protein visoke 
osetlјivosti (hsCRP), na jednogodišnji mortalitet kod bolesnika sa akutnom srčanom insuficijencijom (ASI). 

Studija je obuhvatila ukupno 225 bolesnika (pts) (prosečne starosti 70,29 godina ± 9,74 godine) koji su 
primlјeni na odelenje intenzivne nege zbog znakova i simptoma ASI. Vrednosti svih standardnih 
biohemijskih parametara i BNP, Tnl i hsCRP određene su tokom prva 24 sata nakon prijema. Svim 
bolesnicima urađen je ehokardiografski pregled. 

Tokom jednogodišnjeg praćenja umrlo je 78 (34,70%) bolesnika. U poređenju sa grupom preživelih (n 
= 147), bolesnici iz grupe umrlih imali su veće vrednosti BNP (853,10 pg/ml ± 384,92 pg/ml naspram 1399,68 
pg/ml ± 464,44 pg/ml, p < 0,001), TnI (0,59 ng/ml ± 2,04 ng/ml naspram 2,00 ng/ml ± 8,29 ng/ml, p < 0,05), 
dijametra desne komore i PAP (p < 0,001). BNP je pozitiv-no korelirao sa TnI (ρ = 0,311), PAP (ρ = 0,255) i 
dijametrom desne komore (ρ = 0,304, p < 0,001). Vrednosti BNP ≥ 1062,04 pg/ml, PAP ≥ 44,5 mmHg i TnI ≥ 0,04 
ng/ml bile su povezane sa većim rizikom od smrti. 

Naši rezultati pokazali su to da su BNP, PAP i TnI snažni i nezavisni prediktori jednogodišnjeg 
mortaliteta kod hospitalizovanih pacijenata sa akutnom srčanom insuficijencijom.  
 
Ključne reči: akutna srčana insuficijencija bolesnika, biomarkeri, plućni arterijski pritisak, dijametar desne 
komore 
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