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ABSTRACT 

Introduction: Acute Myocardial Infarction with ST-Segment Elevation (STEMI) - one of the major 

causes of morbidity and mortality worldwide, including in Ukraine. The prevalence of pulmonary 

hypertension (PH) in STEMI significantly is not known due to lack of epidemiological studies in this 

area. Currently, the prognostic significance of PH in patients with STEMI is not set. 

Objective: To evaluate the levels of NTproBNP and Copeptin and their relationship with structural and 

functional features of the heart in patients with STEMI complicated by PH. 

Materials and Methods: The study involved 85 patients (49 men and 36 women) with STEMI who 

were treated in intensive care and emergency cardiology for the treatment of patients with myocardial 

infarction communal non-profit enterprise "City hospital and emergency ambulance" Zaporizhia city 

council. Patients were divided into two groups: 53 patients with STEMI in the presence of PH (mean 

age 72,40 ± 2,26 years), 32 patients with STEMI without PH (mean age 67,30 ± 2,12 years). 

Results: In assessing the clinical anamnesis (Table 1) found that PH mainly develops in the anterior 

localization of  STEMI (73,6%). In patients with STEMI in the presence of PH compared with patients 

without significant PH frequently observed violations systolic function (64,2%). Significant increasing 

in the level of  copeptin (p <0,05) were found in the serum of patients with acute myocardial infarction 

in the presence of PH compared with patients with normal pressure in the pulmonary artery (PA). 

NTproBNP level was also higher in patients with STEMI and PH compared with patients without PH. 
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In patients with STEMI and PH we found reliable positive correlation between the NTproBNP and 

copeptin level (+0,31; p <0,05), systolic pressure in PA (0,41; p <0,05) and negative correlation 

between NTproBNP level and ejection fraction (-0,41; p <0,05), stroke volume (-0,42; p <0,05). 

Copeptin positively correlated with the level of NTproBNP (+0,31; p <0,05), systolic pressure in PA 

(0,37; p <0,05) and negatively correlated with ejection fraction (-0,30; p <0,05 ). 

Conclusions: Pulmonary hypertension develops mainly in the anterior localization of STEMI (73,6%) 

in the presence of systolic dysfunction (64,2%). In patients with STEMI and PH level of NTproBNP 

and copeptin in serum were increased compared than patients without PH. In patients with STEMI and 

PH NTproBNP and copeptin levels correlated with decreased left ventricular ejection fraction and 

increased pressure in the pulmonary artery. 
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INTRODUCTION  

Acute Myocardial Infarction with ST-Segment Elevation (STEMI) - one of the major causes of 

morbidity and mortality worldwide, including in Ukraine [1]. The prevalence of pulmonary 

hypertension (PH) in STEMI significantly is not known due to lack of epidemiological studies in this 

area [2]. Currently, the prognostic significance of PH in patients with STEMI is not set. 

In recent studies it has been shown that mortality in non-STEMI was not significantly dependent on 

the availability of PH [3]. However, in patients with increased pulmonary artery pressure more reliably 

detected cardiogenic shock and respiratory failure. 

In patients with STEMI pulmonary hypertension develops mainly due to congestive heart failure [4]. 

Therefore, evaluating of NTproBNP clinical value, the known marker of heart failure (HF), in patients 

with STEMI in the presence of PH is actual. It is known, that the level of this marker is an independent 

risk factor for negative events in PH [2]. 

In recent years researches focuses on the study of diagnostic and prognostic value copeptin in patients 

with acute myocardial infarction [5]. It is proved, that patients with STEMI has activation of 

vasopressin, a fragment of which is copeptin. Researchers found it predictive properties for the 

development of heart failure and sudden cardiac death in these patients [6, 7, 8]. The role of the 

association copeptin, NTproBNP and heart remodelling in patients with myocardial infarction 

complicated by increased pressure in the pulmonary artery has not been investigated. 

 It is important to determine the role of copeptin and NTproBNP and their relationship with the 

structural and functional parameters of the heart in patients with STEMI in the presence of PH.  

 

OBJECTIVE 

To evaluate the levels of NTproBNP and Copeptin and their relationship with structural and functional 

features of the heart in patients with STEMI complicated by PH. 

 

MATERIALS AND METHODS  

The study involved 85 patients (49 men and 36 women) with STEMI who were treated in intensive 

care and emergency cardiology for the treatment of patients with myocardial infarction communal 

non-profit enterprise "City hospital and emergency ambulance" Zaporizhia city council. Patients were 

divided into two groups: 53 patients with STEMI in the presence of PH (mean age 72,40 ± 2,26 years), 

32 patients with STEMI without PH (mean age 67,30 ± 2,12 years). 
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The diagnosis of myocardial infarction raised in case of typical clinical manifestations, increased 

troponin I level in blood, typical ECG and echocardiography changes according to the protocol 

number 455 of 07/02/2014 Ministry of Health of Ukraine. 

To determine the level of troponin we used semi-automated photoelectric fotomer FAX 303 Stat Plus 

(ZOMZ, Russia) with a set of Hema (troponin I-ELISA, HEMAtest, Germany). 

Inclusion criteria: patients with STEMI with or without PH.  

Exclusion criteria: presence of cancer, pulmonary arterial due to diseases of the respiratory system. 

All patients were examined during the first three days using two-dimensional echocardiography in the 

machine "MyLab50" ( "Esaote", Italy) by American Society of Echocardiography recommendation 

[9]. The study determined the following parameters: size of the left atrium (LA), the size of the left 

ventricle in systole (LVDs) and diastole (LVDd), diastolic thickness of the interventricular septum 

(IVSd) and back wall (PWd), the size of the right ventricle (RV) and right atrium (RA). Based on the 

data we calculated left ventricular ejection fraction (EF) and LV stroke volume (SV), myocardial mass 

(MM) of LV and myocardial mass index (MMI|) LV and  relative wall thickness (RWT). Systolic 

pulmonary artery pressure (systPAP) determined by recommendations for diagnosis and treatment of 

pulmonary hypertension European Society of Cardiology and the European Respiratory Society 2015 

[2]. Pulmonary hypertension was diagnosed in identifying systolic pulmonary artery pressure above 30 

mmHg. 

Mode pulse Doppler parameters were determined following transmitral flow: the maximum speed of 

early diastolic filling (MVE) and maximum speed filling the left ventricle during systole of the left 

atrium (MVA), their ratio (MV E / A) and isovolumetric relaxation time (LV IVRT).  

Diastolic left ventricular function was determined by the recommendations of the American Society of 

Echocardiography [10]. 

Statistical analysis of the data was performed using the statistical software package "Statistica 6.0 for 

Windows" (StatSoft Inc., № AXXR712D833214FAN5). To determine the normal distribution using 

criteria Shapiro-Wilkie. Given the type of distribution (normal or not) variables are presented as M ± 

m or Me (25-75 ‰). To determine the reliability of the differences between the parameters used 

double t-test for independent samples by Student (with a normal distribution) and Wilcoxon criterion 

with uneven distribution. Evaluation of relationships between parameters was performed using the 

method of correlation analysis by Pearson and Spearman. The reliability of the differences between the 

figures stated at p <0.05. All tests were two sided. 

 

RESEARCH RESULTS 

In assessing the clinical anamnesis (Table 1) found that PH mainly develops in the anterior localization 

of  STEMI (73,6%). In patients with STEMI in the presence of PH compared with patients without 

significant PH frequently observed violations systolic function (64,2%).  

In 20,8% of patients with STEMI and PH ventricular aneurysm was found, which was significantly 

different from group without PH. Significant differences between groups on the prevalence of arterial 

hypertension and diabetes mellitus were not found. Gender and age differences between patients with 

STEMI depending on the availability of PH also not determined. 

 

 

 

 

 



129 

 Table 1 

Clinical characteristics of patients with STEMI depending on the availability of PH 

The indicator units STEMI with PH (n = 53) STEMI without PH (n = 32) 

Age, years 72,40 ± 2,26 67,30 ± 2,12 

Men, n (%) 30 (56.6%) 19 (59.4%) 

Women, n (%) 23 (44.4%) 13 (40.6%) 

Infarction posterior localization, n (%) 14 (26.4%) 15 (46.9%) 

Infarction anterior localization, n (%) 39 (73.6%) * 17 (53.1%) 

Systolic dysfunction, n (%) 34 (64.2%) * 13 (40.6%) 

LV aneurysm, n (%) 11 (20.8%) * 3 (9.4%) 

Diabetes mellitus type 2, n (%) 14 (26.4%) 6 (18.8%) 

Arterial hypertension, n (%) 46 (86.8%) 27 (84.3%) 

HF functional class  I, II, n (%) 14 (25%) 18 (56.3%) 

HF functional class  III, IV, n (%) 42 (75%) * 14 (43.7%) 

Left brunch blockade , n (%) 6 (11.3%) 2 (6.25%) 

Note: * - significant differences with group STEMI without PH (p <0,05). 

Significant increasing of the copeptin level (p<0,05) were found in the serum of patients with acute 

myocardial infarction in the presence of PH compared with patients with normal pressure in the 

pulmonary artery. NTproBNP level was also higher in patients with STEMI and PH compared with 

patients without PH (Table. 2). 

 

 Table 2 

Levels of Copeptin and NTproBNP in patients with STEMI depending on the availability of PH 

The indicator units STEMI with PH (n = 53) STEMI without PH (n = 32) 

Copeptin mg / ml 4,58(1.74; 4.32)* 2,61(1.55; 3.17) 

NTproBNP,pg / ml 140,38(43.41, 174.78)* 73,91(11.44; 90.52) 

Note: * - significant differences with group STEMI without PH (p <0,05). 

In patients with STEMI revealed the presence of PH we found reliable direct correlation (Table. 3)  

between the level of NTproBNP and copeptin (+0,31; p <0,05), systolic pressure in PA (0.41; p <0,05) 

and negative correlation between the level of NTproBNP and EF (-0,41; p <0,05), SV (-0,42; p <0,05). 

Copeptin positively correlated with the level of NTproBNP (+0,31; p <0,05), systolic pressure in PA 

(0,37; p <0,05) and negatively correlated with ejection fraction (-0,30; p <0,05 ). 
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 Table 3 

Correlation levels of Copeptin, NTproBNP, clinical signs and structural-functional parameters of the 

heart 

Indicator 
Copeptin pg / ml NTproBNP, pg / ml 

r r 

Copeptin pg / ml - 0,31 * 

NTproBNP, pg / ml 0,31 * - 

EF % -0,30 * -0,41 * 

EO, ml 0,25 -0,42 * 

LVDd, sm 0,12 0,18 

RVd, sm 0,04 0,21 

Systolic PA pressure, mmHg 0,37 * 0,41 * 

Notes: significant correlation - * (p <0,05). 

 

DISCUSSION OF RESEARCH RESULTS 

According to our study in patients with STEMI with increased pressure in the PA infarction usually 

develops in anterior wall and interventricular septum. This is due to the influence of systolic 

dysfunction and the formation of heart failure, which is typical for anterior localization of myocardial 

infarction. In recent studies researches showed that PH in diseases of the left chambers of the heart 

develops usually in the presence of congestive heart failure [11].  

In patients with STEMI and PH we found increased levels of NTproBNP and copeptin in serum. 

According Nickel N. level of Copeptin also increases in patients with PH compared with patients with 

normal pressure in the pulmonary artery [13]. The authors found a correlation with the level of 

copeptin and NTproBNP, functional class of heart failure and glomerular filtration rate. Level of 

Copeptin became independent predictor of adverse prognosis in patients with PH [12]. According to 

our study in patients with STEMI and PH Copeptin levels associated with decreased left of ventricular 

systolic function, heart failure functional class and increased pressure in the PA. Consequently, the 

using of Copeptin and NTproBNP may be perspective for risk stratification and assessment of severity 

of patients with STEMI in the presence of PH.  

 

CONCLUSIONS 

1. Pulmonary hypertension develops mainly in the anterior localization of STEMI (73,6%) in the 

presence of systolic dysfunction (64,2%). 

2. In patients with STEMI and PH levels of NTproBNP and copeptin in serum increased 

compared with patients without PH. 

3. In patients with STEMI and PH levels of NTproBNP and copeptin in serum correlated with 

decreased left ventricular ejection fraction and increased pressure in the pulmonary artery. 

Prospects for further research. The study revealed changes copeptin and NTproBNP levels and their 

relationship with structural and functional parameters of the heart in patients with acute myocardial 

infarction in the presence of PH. In the future, it is advisable to continue to study the prognostic 

significance of copeptin and NTproBNP levels in patients with STEMI and  PH. 
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