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ABSTRACT 
CVD is now an undeniable global public priority. Despite the fact that the prevalence of CKD and its impact 

on health has been studied mainly in economically developed countries, the burden of the disease is even 

greater in developing countries. Given that mortality from cardiovascular pathologies in dialysis patients with 

CHF is the leading cause of interest in studying the structure of cardiovascular pathology in patients with CHF 

receiving programme hemodialysis. 

Keywords: chronic kidney disease, cardiovascular system, hemodialysis, arterial hypertension, heart failure, 

coronary heart disease. 

 
INTRODUCTION 

Globally, the total number of people with chronic 
kidney disease (CKD), acute kidney damage 
(AKD), and people receiving renal replacement 
therapy (RRT) exceeds 850 million people, which 
is actually twice the estimated number of people 
with diabetes worldwide and 20 times higher than 
the number of people suffering from acquired 
immunodeficiency syndrome (AIDS) / human 
immunodeficiency virus (HIV) worldwide. Thus, 
kidney disease is one of the most common 
diseases in the world [1]. CKD is currently an 
undeniable global public priority [2, 3]. Despite 
the fact that the prevalence of CKD and its effects 
on health have been studied mainly in 
economically developed countries, the burden of 
this disease is even greater in developing 
countries [4, 5]. By the end of the XX century, 
scientific data had accumulated, which allowed to 
significantly expand the idea of the relationship of 
renal and cardiac pathology. One of the first to 
establish the fact that more than 50% of deaths in 
patients with terminal renal failure (TRF) receiving 
renal replacement therapy, due to cardiovascular 
(CV) causes [6, 7]. This fact is especially revealing 
by the example of a population of young patients 
with TRF, in which the mortality rate from CVD is 
300 times higher than in the control group of the 
same age with normal renal function [8]. 
Somewhat later, it turned out that in people with 
CV-pathology, even moderate hyperserotonemia 
or a slight decrease in SFR is associated with an 
increase in SS and overall mortality [9–11]. In the 
late 90's. the results of large multicenter studies 
conducted in patients with chronic heart failure 

(CHF) (SOLVD, DIG, CIBIS-2, CHARM) or in 
patients with acute myocardial infarction (AMI) 
(SAVE, VAZIANT), in which the effectiveness of  
various pharmacological drugs, including ACE 
inhibitors and angiotensin II receptor antagonists 
(ARA II). The studies revealed that among patients 
with CVD who do not have a previous kidney 
pathology, a very high initial level of people with 
reduced SFR is noted [7]. The CVC risk increases 
inversely with the level of SFR, and with SFR <30 
ml / min exceeds that with preserved renal 
function 5.5 times. A significant number of 
patients with CKD die due to CV-complications 
even before ESRD [12]. In patients with essential 
arterial hypertension (AH) without any SV 
complications, a moderate decrease in SFR is 
accompanied by a doubling of the risk of cardiac 
death. International recommendations on 
hypertension unconditionally recognize UIA and a 
decrease in SFR as one of the main risk factors for 
the progression of SS pathology [13, 14]. In 
patients with CHF, SFR is the same significant 
prognostic factor as the size of the LV ejection 
fraction or the functional class of heart failure 
according to NYHA [10]. In addition, it was found 
that in the general population aged 45–74 years, 
a decrease in SFR below 60 ml / min acts as an 
independent risk factor for AMI, total and CV 
mortality [15]. Also, to date, a lot of literature has 
accumulated on the role of proteinuria, MAU in 
the progression of renal pathology and CVD [16, 
17]. JP Forman and BM Brenner analyzed the 
results of a number of large population studies 
(HOPE, LIFE, PREVEND), noted a clear association 
of adverse CV events with an increase in the 
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concentration of albumin in the urine, an increase 
in the ratio of albumin / creatinine in the urine, 
starting with UIA “low degrees” [7, 16]. In fact, 
the prevalence of albuminuria, both micro and 
macro, increases with a drop in SFR <60 ml / 
min / 1.73 m2 [18]. MAU is believed to reflect the 
presence of generalized endothelial dysfunction 
(ED) in the body, which, in turn, is the cause of 
accelerated atherogenesis and progression of 
renal fibrosis [19]. Scientific research is widely 
conducted to study the place of IHD in the 
structure of CVD and its course in patients with 
CKD [20, 21]. So, in a prospective study of 
V.A.Dobronravov et al. (2002-2009), a detailed 
long-term clinical analysis of the course of 
myocardial ischemia (MI) was performed in 119 
patients on hemodialysis. At the time of inclusion 
in the study, clinical signs of MI were detected in 
60 (50.4%) patients, of which typical angina 
pectoris in 52%, painless MI in 23% (the 
prevalence of painless MI was even greater than 
in patients with diabetes and, probably , due to 
the presence of neuropathy against the 
background of persistence of uremia, as well as 
damage to the intramyocardial arteries), a mixed 
form - in 25%. Among 66 of 119 patients who 
had CV events, mortality was 59%, the total 
proportion of patients with some form of MI was 
86%, and MI progression was observed in 82%. 
In 35% of the latter, clinical signs of coronary 
insufficiency appeared for the first time during the 
observation. An unexpected result of the work was 
also the discovery of the association of higher 
values of troponin T (TnT) with the presence of 
signs of MI at the time of inclusion of patients in 
the study. Since cases of acute coronary syndrome 
in patients were completely excluded at the 
beginning of a prospective observation, the 
authors suggested that this marker reflects the 
development of deeper chronic damage to 
myocardiocytes caused by MI in dialysis patients. 
This indicator was also an independent predictor 
of death from CVD: at TnT> 0.05 ng / ml, the 
relative risk of cardiac death increased 5 times. 
Also, the relationship between a decrease in DBP 
on the first post-dialysis day, a higher level of 
plasma homocysteine and the progression of MI 
was shown. Considering the data obtained, the 
authors indicate the need for a thorough 
examination of patients for the presence of MI at 
the beginning of renal replacement therapy (RRT) 
or when planning it. Moreover, the onset or 
progression of coronary heart disease is 
characteristic of the early period after the onset of 
hemodialysis [21]. A number of studies have also 
been conducted on the frequency of valvular 
calcification in patients with CKD: calcification of 
heart valves among dialysis patients occurs in 20–

78%, and calcification of the fibrous ring of MV in 
31–46%. According to M.M. Volkov et al., At the 
pre-dialysis stage of CKD, valve calcification was 
detected in 22.1% of patients. Thus, the frequency 
of valvular calcification increases with the 
progression of CKD, reaching a maximum in the 
dialysis population [22, 23]. Analysis of left 
ventricular hypertrophy (LVH) in patients with CKD 
showed that the prevalence of LVH in patients 
with CrCl> 30 ml / min is 16%, and in patients 
with CrCl <30 ml / min - 38% [24]. Thus, LVH is 
common in patients with renal dysfunction at the 
pre-dialysis stage and correlates with the degree 
of renal dysfunction. The LIFE study demonstrated 
that the relationship between LVH and albumin 
excretion is independent of age, blood pressure, 
diabetes, race, serum creatinine or smoking [25]. 
CKD is also associated with an increased risk of 
atrial fibrillation [26], an increase in the frequency 
and severity of mitral regurgitation in patients with 
heart failure [27]. 
 

PURPOSE OF THE STUDY 

Study of the structure of cardiovascular 
pathologies in patients with stage 5 chronic 
kidney disease receiving programmed 
hemodialysis. 
 
MATERIAL AND METHODS 

In a scientific study, 72 patients were examined. 
The study was conducted in hemodialysis units of 
the Republican Specialized Scientific and Practical 
Medical Center for Nephrology and Kidney 
Transplantation during 2018. 49% (n = 34) of 
the examined patients were men and 51% (n = 
37) were women. The mean age of the patients 
was 49 ± 11.1 years. The study included patients 
with a clinically established diagnosis of CKD 
stage V (according to NKF K / DOQI 2002) [28] 
in the outcome of nephropathies of various 
origins. Glomerular filtration rate was calculated 
based on the serum creatinine concentration 
according to the formula CKD-Epi. The 
classification of blood pressure levels and the 
determination of hypertension were determined 
according to the Recommendations for the 
management of arterial hypertension of the 
European Society of Cardiology and the 
European Society of Arterial Hypertension of 
2018 [29]. The main underlying diseases were - 
chronic glomerulonephritis (n = 32), diabetes 
mellitus (n = 27), systemic vasculitis (n = 5), 
chronic pyelonephritis (n = 3), systemic lupus 
erythematosus (n = 2), polycystic kidney disease 
(n = 2) and gout (n = 1). (see Figure 1). The 
duration of HD was 24 (6-91) months. The length 
of stay in the hospital was 10 days. Programmed 
hemodialysis was performed with Fresenius 
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Medical Care 4008S, Diacap Polysulfone LOPS18 
LW dialyzers, and AV-Set FMC 22mm cannulas. 
Hemodialysis sessions were performed according 
to the scheme 4 hours 3 times a week (720 hours 
/ week). For hemodialysis, a bicarbonate solution 
was used as a dialysate. Kt / V indicators 
corresponded to a minimum target level of 1.4. 
Criteria for exclusion from the study were the age 
of 18 years, patients who underwent kidney 
transplantation, patients receiving HD in acute 
renal failure. The examination program included 
general clinical laboratory research. Biochemical 
analysis indices were determined using a Mindray 

RS-200 automatic biochemical analyzer; 
HumanClot Junior analyzer was used to 
determine coagulation indices. To study the state 
of the cardiovascular system, all patients 
underwent blood pressure monitoring, 
electrocardiography, and echocardiography. 
Electrocardiography was performed on an 
apparatus MIDID-EK1T. Echocardiography was 
performed at the Republican Specialized Scientific 
and Practical Medical Center for Therapy and 
Medical Rehabilitation on ultrasonic devices 
Samsung Medison Accuvix V20. 

 
Fig. 1: Initial nosology of the examined patients (n=72). 

RESULTS AND DISCUSSIONS 

According to the results of a study of 72 patients, 
cardiovascular pathology was detected in 66.6% 
(n = 48) of the examined. Arterial hypertension 
(AH) turned out to be the most frequent 
cardiovascular pathology; almost 57% (n = 41) 
of patients suffered from it (see Table 1). Patients 
with stable angina pectoris (SAP) turned out to be 
slightly less - 51% (n = 37) of the examined. 
Chronic heart failure was detected in more than 
26% (n = 19) of patients. Rhythm and conduction 
disturbances were also observed: atrial fibrillation 
was detected in 3 (4.2%) examined patients, 
ventricular extrasystoles were diagnosed in 2 
(2.7%) patients, and 2 (2.7%) patients were 
diagnosed with complete blockade of the left legs 
of a bundle of His. During the examinations, 1 
patient was diagnosed with focal myocarditis. 
Also, 1 patient had acquired heart disease; 

according to echocardiography, he was 
diagnosed with mitral heart disease, with a 
predominance of stenosis. Diabetes mellitus 
occurred in 38% (n = 27) of the examined 
patients. Hypertrophy of the left ventricle on 
echocardiography was observed in 58 patients. It 
should be noted that blood pressure parameters 
reliably correlate with LVH. 4 (5.6%) patients had 
post-infarction cardiosclerosis according to the 
history and data of echocardiography. 2 patients 
underwent cardiac surgery by history: one had 
stenting of the anterior interventricular branch of 
the left coronary artery, and the second 
aortocoronary heart bypass. According to the 
data obtained, it was found that almost 93% of 
patients (n = 67) were diagnosed with renal 
anemia.  

Table 1. 

Cardiovascular disease  incidence  p-confidence 

Ischemic heart disease. Angina pectoris 
-FСI 
-FСII 
-FСIII 
-FСIV 

37(51% from total) 
0 
20 
16 
1 

<0,001 
<0,001 
<0,001 
<0,001 
<0,001 

Arterial hypertension 
-1 degree 
-2 degrees 

41(57%) 
4 
22 

<0,001 
<0,001 
<0,001 
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-3 degrees 15 <0,001 

Chronic heart failure (NYHA) 
-FСI 
-FСII 
-FСIII 
-FСIV 

19(26,4%) 
0 
10 
8 
1 

<0,001 
<0,001 
<0,001 
<0,001 
<0,001 

Arrhythmias 
-atrial fibrillation 
-ventricular extrasystoles 
-blockade 

7(9,7%) 
3 
2 
2 

<0,001 
<0,001 
<0,001 
<0,001 

 

 

Fig.2: The prevalence of hypertension in patients with stage CKD V on HD. 

Consider the main cardiovascular pathologies 
encountered in severity and sexually. Arterial 
hypertension was observed in 41 (57%) patients 
(19 men and 22 women). Moreover, more than 
half of them - 22 (n = 54%) had grade 2 
hypertension, 4 (n = 10%) patients had grade 1 
hypertension, grade 3 hypertension was observed 
in 15 (n = 36%) patients. It should be noted that 
sexually, all 4 patients with AH of the 1st degree 
were women. AH of the 2nd degree was equally 
divided (n-11) in men and women, AH of the 3rd 
degree was observed more in men - 53% (see 
Figure 2). The average systolic blood pressure 
was 149 ± 21 mm Hg, the average diastolic 

blood pressure was 87 ± 11 mm Hg.  Angina 
pectoris was diagnosed in 37 (51%) examined 
patients who noted complaints characteristic of 
stable angina pectoris. When distributing patients 
according to functional classes (FC), according to 
the classification of the Canadian Association of 
Cardiology (L. Campeau, 1976), there was a lack 
of CHF FCI in the examined patients (see Figure 
3), as well as CHF FCIV in women. 54% (n-20) of 
patients were diagnosed with CHF FCII (11 men 
and 9 women). CHF III functional class (n-16) was 
more diagnosed in women (62.5%) than in men 
(37.5%). CHF FCIV was determined in only 1 
man.  

 

 

Fig. 3: The prevalence of stable exertional angina in patients with CKD stage V on programmatic 
HD. 
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Fig. 4: The prevalence of chronic heart failure in patients with CKD stage V on programmatic HD. 

 In 19 (26.4%) examined patients, chronic heart 
failure was diagnosed. Patients were divided into 
functional classes (according to NYHA, 1964). 
Not one patient was diagnosed with CHF I  
functional class. Only one (1.4%) patient (male) 
was diagnosed with CHF FCIV. 10 (13.9%) of the 
examined patients, of which 6 men, 4 women, 
described complaints characteristic of CHF FCII 
(see Figure 4). 8 (11.1%) of the examined patients 
were diagnosed with CHF FCIII (4 men and 4 
women). It should be noted that most of the 
examined patients showed comorbidity of 
cardiovascular diseases (see Figure 5). The most 
frequent comorbid state was found in CVF, AH 
and CHF in various combinations. It was found 
that all patients (n-37) who were diagnosed with 
stable angina pectoris also had chronic heart 
failure and / or arterial hypertension. 13 (18%) of 
the examined patients had a combination of CVF 
+ AH + CHF. The combination of CVF + AH was 
found in 24 (33.3%) patients (almost 2/3 of 

patients with CVF). Also, the majority of patients 
(90%) suffering from arterial hypertension were 
diagnosed with stable angina pectoris (AH + 
CVF). 3 patients had "isolated" arterial 
hypertension, only 1 patient had a combination in 
the form of AH + CHF. According to the above 
data, it turns out that chronic heart failure is also 
more common in a comorbid state. For example, 
if CVF + AH + CHF is almost 74% (n-14) of the 
number of cases with CHF, then AH + CHF 
occurs in 5% (n-1) of patients with CHF. And only 
21% (n-4) of patients with heart failure did not 
have other cardiovascular pathologies. In terms 
of sex, the comorbidity of cardiovascular 
pathology did not significantly differ between both 
sexes. For example, the combination of CVF + 
AH + CHF and CCH + AH was almost identical, 
6 men and 6 women, 12 men and 13 women, 
respectively. If isolated cases of AH were found 
only in women (n-2), then heart failure was more 
common in men (n-3) than in women (n-1). 

 

 
Fig. 5: The prevalence of comorbid cardiovascular pathologies in patients with CKD stage V on 

programmatic HD. 

A combination of several types of different 
arrhythmias was also observed, which is 
confirmed by literature data [30]. For example, of 
the three patients who were diagnosed with atrial 
fibrillation, two also had ventricular extrasystoles. 
Given that the number of cases with VE was only 
2, it is not difficult to notice that all patients with 
VE also had atrial fibrillation. Since, to date, type 
2 diabetes is considered as the equivalent of the 

presence of a clinically expressed cardiovascular 
disease in the patient and an independent CVD 
risk factor [31], it was also interesting to study the 
presence of diabetes in the examined patients 
with cardiovascular pathology. As a result of the 
study, it was revealed that out of 48 patients with 
cardiovascular pathology, type 2 diabetes was 
diagnosed in 23 (48%) patients. As is known [32], 
long-term anemia may be accompanied by 
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expansion of the left heart and the development 
of CVD. Based on this, it should be noted that 
100% of the patients with cardiovascular 
pathology examined by us had anemia. In our 
group of patients, she was presented with renal 
anemia, which is typical for patients with stage 
CKD [33]. 
 

CONCLUSION 

Cardiovascular complications occupy a leading 
place among pathologies in patients with CKD on 
programmatic hypertension [34]. Based on the 
analysis of 72 CKD patients on programmed HD, 
it can be assumed that the main pathologies of 
the cardiovascular system in patients were chronic 
heart failure, hypertension, angina pectoris and 
various arrhythmias. A particularly high frequency 
of occurrence was observed in pathologies such 
as CHF and AH, which roughly corresponds to 
international studies [35]. According to the above 
results of our study, it can be assumed that the 
comorbid pathology of the cardiovascular system 
occupies a leading place in the structure of 
cardiovascular lesions in patients with end-stage 
chronic kidney disease receiving program 
hemodialysis and did not significantly differ by 
sex. Also, a high incidence of diabetes in the 
examined patients with CVD can be noted, which 
is consistent with published data [32]. 
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