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Abstract  The aim of the research was to study the mechanisms of early remodeling of the myocardium in different stages 

of chronic kidney disease. Background. An increase of the Left ventricular mass and a change in its geometric model 

increase the risk of cardiovascular diseases and worsen the prognosis of patients with chronic kidney disease. Concentric 

myocardial remodeling (C-remodeling) was established by echocardiography in the presence of normal left ventricular 

myocardium and an increase in the relative thickness of the left ventricle walls. Material and methods. The study included 

106 patients (50 men and 56 women) observed at the Republican Specialized Scientific and Practical Medical Center for 

Nephrology and Kidney Transplantation at the age of 44.9±13.6 years with normal left ventricular mass, without verified or 

possible coronary artery disease, hemodynamically significant valvular disorders and heart failure II-IV FC (by NYHA). 

Predialysis stage of chronic kidney disease occurred in 74 (69.8%), dialysis - in 32 (30.2%) patients. The duration of dialysis 

was 18.5 (3.0; 41.3) months. Results. Concentric myocardial remodeling represents the initial stage of developing of the left 

ventricle hypertrophy. This conclusion is confirmed by a significant increase in Left ventricular mass index during 

Concentric myocardial remodeling. As the results of our studies have shown, risk factors for Concentric myocardial 

remodeling in patients with chronic kidney disease are age, duration of previous hypertension, higher values of clinical blood 

pressure, which is consistent with previous findings about a similar relationship in patients with essential hypertension. 

Conclusion. Leading risk factors for Concentric myocardial remodeling in patients with chronic kidney disease include age, 

female gender, duration of previous hypertension, systolic blood pressure, diastolic blood pressure and hemoglobin levels, 

and more severe renal impairment. An additional risk factor for Concentric myocardial remodeling in hemodialysis patients is 

its volume overload. 
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1. Introduction 

Cardiovascular disorders (CVD), according to the world's 

leading dialysis centers, are the leading cause of morbidity 

and mortality in patients with chronic kidney disease (CKD) 

[1-4]. Mortality among dialysis patients from CVD is  

40-60% of all deaths, which is 20-30 times higher than 

mortality in the general population. It was found that the 

predictor of a high risk of CVD and an unfavorable prognosis 

is an increase in the Left ventricular mass (LVM), regardless 

of arterial hypertension (AH) and coronary heart disease 

[5-6,1,7-9]. Modern studies have demonstrated that not only 

an increase of LVM, but also a change in the geometric   

LV model of the heart, which is identified as preclinical 

cardiovascular pathology (especially in asymptomatic 

patients), has a significant prognostic value at CKD [10-13]. 

It was found that the risk of developing cardiovascular 

complications is highest at concentric hypertrophy (CVD  
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develops 4 times more often than at unchanged LV 

geometry), less with eccentric hypertrophy and concentric 

remodeling of the myocardium. The issue of risk factors  

and mechanisms of early changes in LV geometry in CKD 

remains unclear [5-6,11]. 

The aim of the research was to study the mechanisms of 

early remodeling of the myocardium in different stages of 

chronic kidney disease. 

2. Material and Methods 

The study included 106 patients (50 men and 56 women) 

observed at the Republican Specialized Scientific and 

Practical Medical Center for Nephrology and Kidney 

Transplantation at the age of 44.9±13.6 years with normal 

left ventricular mass, without verified or possible coronary 

artery disease, hemodynamically significant valvular 

disorders and heart failure II-IV FC (by NYHA). Predialysis 

stage of chronic kidney disease occurred in 74 (69.8%), 

dialysis - in 32 (30.2%) patients. The duration of dialysis  

was 18.5 (3.0; 41.3) months. The causes of CKD were: 
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chronic glomerulonephritis (n=52), pyelonephritis    

(n=15), polycystic kidney disease (n=12), obstructive 

nephropathy (n=9), hypertensive nephroangiosclerosis (n=7), 

tubulointerstitial nephritis (n=3), other nephropathies  

(n=5). The diagnosis was not clear in 3 patients, due to the 

detection of the disease in the CKD stage. All patients were 

performed a standard clinical, laboratory and instrumental 

examination for patients with CKD. Predialysis CKD was 

classified according to creatinine clearance (Сcr) by the 

Cockcroft-Gault calculation method: Ccr (male)= (140-age) 

х weight (kg)/ Сr (mmol/l) х 0,81; Ccr (female)= Ccr (male) 

х 0.85. Clinical and laboratory parameters were taken into 

account as average monthly. The dry weight of dialysis 

patients was defined as the lowest post-dialysis weight 

without symptoms of hypovolemia in two months prior to 

the study and was used as the basis for establishing 

interdialysis weight. Blood pressure (BP) was measured  

with a mercury sphygmomanometer using the Riva-Rocci- 

Korotkov auscultatory method. The cuff was applied to the 

contralateral arm without an arteriovenous fistula or shunt in 

hemodialysis patients. BP was established as the mean of 

two measurements observed in two dialysis sessions, one 

pre-dialysis and one post-dialysis BP and presented as 

pre-dialysis and post-dialysis BP. Arterial hypertension was 

diagnosed at systolic BP (SBP) ≥140 mm Hg. and/or diastolic 

BP (DBP) ≥90 mmHg. Echocardiographic investigation was 

carried out on the Aloca SSD-2000 ultrasound system (Japan) 

in accordance with the recommendations of the American 

Echocardiographic Society. All hemodialysis patients were 

examined the day after routine dialysis in the middle of the 

week. Measurements of the LV end diastolic (EDD) and end 

systolic dimensions (ESD), LV posterior myocardial wall 

thickness (PMWT) and Interventricular septal thickness 

(IVST) were performed in the M-mode from the parasternal 

access. The relative wall thickness (RWT) of the LV was 

calculated using the following formula: RWT= IVST + 

PMWT / EDD. LV volume parameters were calculated by 

the L.Teichgolz method. The following indicators were also 

calculated: stroke volume (SV, ml), stroke index (SI, ml), 

ejection fraction (EF,%). The value of the total peripheral 

resistance (TPR) was calculated by the formula: TPR 

=80*BPav/MV, dyn * sek * cm-5, where BPav – average BP, 

which was calculated as BPav = DBP+SBP-DBP/3, mmHg. 

LV myocardial mass was calculated by the R.B.Devereux 

formula [4]: LVM=0.8 * 1.04{( IVST + PMWT +EDD) 3 – 

(EDD) 3 } + 0.6 g. LV mass (LVMI) and the LV volume 

indices (LVVI) were defined as the ratio of LVM and LVV 

to body surface area (BSA). To calculate the BSA, the 

formula was used: BSA (m2) = (0,0001) * (71.84) * (wt 

0,425) * (ht 0,725), where wt - weight (kg), ht - height (cm). 

LV hypertrophy (LVH) is stated in absolute values LVMI 

≥134 g/m2 in males and ≥110 g/m2 in females [3]. LV 

geometry was characterized based on LVMI and Relative 

Wall Thickness (RWT). It was considered normal if LVMI 

was not increased and RWT was less than 0.45. Concentric 

myocardial remodeling was diagnosed in cases when at 

unchanged LVMI, the RWT increased to 0.45 or more. 

Standard methods of descriptive statistics were used to 

analyze and evaluate the data obtained: calculation of means 

and their standard deviations (M±SD) for a normal 

distribution, median and interquartile range for a non-normal 

distribution. The Kolmogorov-Smirnov criterion was used to 

test the hypothesis of the normality of the distribution. The 

Kruskal-Wallis criteria and the Mann-Whitney U-test were 

used to analyze the differences in quantitative characteristics. 

The significance of quantitative differences was determined 

using Student's t-test for independent samples. Differences 

were considered significant at p<0.05. The SPSS 8.0 

statistical software package from SPSS Inc (USA) was used 

for data processing. 

3. Results 

According to the selection of patients with unchanged 

LVMI, two groups of patients were distinguished based on 

RWT: group I consisted of 59 (55.7%) patients with normal 

geometry of the left ventricle, group II - 47 (44.3%) patients 

with myocardial C-remodeling. 

 

 

Figure 1.  The frequency of myocardial С-remodeling at different stages of 
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When analyzing the relationship between the frequency  

of C-remodeling and the stage of CKD, it turned out that 

normal LV geometry occurred in 48 (64.8%) cases of 

pre-dialysis and only in 13 (41%) cases of dialysis CKD 

(р<0.05). At the same time, the frequency of myocardial 

C-remodeling was 26 (35.2%) cases in the predialysis and 19 

(59%) cases in the dialysis stages of CKD (p<0.001) (Figure 1). 

Comparative characteristics of echocardiographic 

parameters in patients with normal LV geometry and 

C-remodeling are presented in Table 1.  

Table 1.  Echocardiographic parameters of patients with CKD with 
unchanged the left ventricle geometry and concentric myocardial remodeling 

Index 

Chronic kidney disease 

р Group 

without 

LVH 

Normal 

geometry 
C-remodeling 

LVMM, g 170.2+42.9 162.3+43.2 175.1+35.8 0.01 

LVMI, g/m2 101.9+17.7 90+20,75 103,5+15,7 0.01 

RWT 0.51+0.13 0.38+0.03 0.58+0.1 0.001 

IVST, mm 10.8+1.8 9.3+0.5 12.3+1.3 0.001 

PMWT, mm 10.2+1.6 8.6+0.6 10.3+1,4 0.001 

ESD, mm 29.9+4.4 27.65+3.65 31.75+4.3 0.01 

EDD, mm 46.2+6.2 42.3+3.9 51.75+4.4 0.01 

ESV, ml 36.8+11.3 30.7+7.95 44.5+10.4 0.001 

EDV, ml 109.4+34.5 92.7+31.3 130.2+26.6 0.003 

LVVI ml/m2 58.9+22.9 43.3+11.4 81+15.35 0.001 

SV, ml 74+28.4 63.8+30.4 85.9+21.3 0.045 

HI l/min/m2 3.192+0.8 2.75+0.7 3.502+0.8 0.01 

EF, % 63.8+8.95 62.7+10.6 65.4+6.1 0.43 

RWT, dyn* 

sec* 8 cm-5 
1.530+6.1 1.81+6.2 1.35+420 0.01 

As shown in the table, with C-remodeling, the indicators 

of ESD (р<0,01) and EDD (р<0,01), ESV (р<0,001) and 

EDV (р<0,003), SV (р<0,045), HI (р<0,01) were higher, and 

TPR lower (р<0,01), compared with the normal geometry of 

the left ventricle, while in patients with normal LV geometry 

and C-remodeling, EF did not differ. In contrary, PMWT 

(р<0,001) and IVST (р<0,001), RWT (р<0,001), LVM 

(р<0,01) and LVMI (р<0,01) were significantly higher at 

myocardial C-remodeling compared with echocardiographic 

parameters in patients with a normal geometric LV model 

[7-8,10]. 

Comparative characteristics of patients with normal left 

ventricular geometry and C-remodeling of the myocardium, 

presented in Table 2, did not reveal significant differences in 

sex, weight, height, body mass index (BMI). 

At the same time, it turned out that patients with 

C-remodeling of the myocardium were older (p<0.005),  

had lower hemoglobin levels (p<0.05) and serum creatinine 

content (p<0.05) was higher. Patients with dialysis     

CKD with myocardial C-remodeling showed a greater 

interdialysis weight gain (2.33±0.78 and 1.33±1.3 kg; 

p<0.05) compared with the group of patients with unchanged 

left ventricular geometry. Thus, it was found that in patients 

with CKD and normal LV mass, the geometric model of  

LV was changed with a high frequency and myocardial 

C-remodeling was developed [4,5,14]. In the predialysis 

stage of CKD, the frequency of C-remodeling corresponds  

to the prevalence of C-remodeling of the myocardium in 

patients with essential hypertension. However, in patients 

with dialysis CKD, C-remodeling of the myocardium is 

much more common than in essential arterial hypertension 

[9,14-15]. 

Table 2.  Clinical characteristics and laboratory parameters of patients with 
normal geometry of the left ventricle and concentric myocardial remodeling 

Index 

Chronic kidney disease 

р Group 

without 

LVH 

Normal 

geometry 
C-remodeling 

Age, years 44.9+13.9 36+9 50.6+14.2 0.005 

Sex, % male 54 52 57 - 

Weight, cm 169+8 168+9 169+8 - 

Body mass, 

kg 
72.6+12 71.2+13 73.4+11 - 

BMI, kg/m2 25.3+5.1 24+4.6 26.3+5.4 0.31 

Cr, µmol/l 931,1+268,4 642,5+208,6 988,1+374,7 0.05 

Dialysis 

duration, 

months 

18.5 

(2.0; 41.3) 

19.0 

(2.5; 33) 

18.0 

(1.0;44.0) 
0.86 

Interdialysis 

weight gain, 

kg 

1.86+1.15 1.33+1.3 2.33+0.78 0.05 

Hemoglobin, 

g/l 
97.7+22.8 96.9+21.3 88.2+24.4 0.05 

Thus, according to various clinical studies, its prevalence 

in hypertensive patients ranged from 13 to 19% when 

C-remodeling was established based on the determination of 

RWT by the thickness of the posterior LV wall. However, its 

frequency increased to 39% when PMWT and IVS were 

included in the determination criteria. It should also be 

emphasized that in the above works, LVMI <125 g/m2 for 

both sexes were taken as normal values of myocardial mass, 

and therefore women with LV hypertrophy, whose LVMI 

was in the range from 110 to 125 g/m2, could be assigned   

to the group with C-remodeling of the myocardium. 

КC-remodeling of the myocardium represents the initial 

stage of LVH development. This conclusion is confirmed  

by a significant increase in LVMI during myocardial 

C-remodeling. As the results of our studies have shown, the 

risk factors for myocardial C-remodeling in patients with 

CKD are age, duration of previous hypertension, higher 

values of clinical BP, which is consistent with the previously 

obtained conclusions about a similar relationship in patients 

with essential hypertension. 

We established a relationship between the absence of 

nocturnal BP reduction (nondipper) and myocardial 

C-remodeling in women with CKD, but not in men. A higher 

relative risk of myocardial C-remodeling was found in 

women with essential hypertension. However, in patients 

with essential hypertension, the risk factor for myocardial 
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C-remodeling was an increase in total peripheral vascular 

resistance. 

According to the results of our study, in patients with 

CKD, on the contrary, risk factors for myocardial 

C-remodeling should be considered a large volume overload 

of the myocardium due to anemia, which was reflected in an 

increase in cardiac output and a decrease in peripheral 

vascular resistance. In prospective Canadian research that 

included 430 patients in its study, it was found that a 

decrease in hemoglobin by an average of 1 g / dl was 

accompanied by an increase in the risk of developing LV 

dilatation by 49% in groups of patients comparable in age, 

blood pressure, serum albumin and the presence of sugar 

diabetes. According to P. Parfrey et al., AH is a predictor of 

both concentric hypertrophy and LV dilatation. Histological 

examination reveals hypertrophy and dystrophy of myocytes, 

focal necrosis, a picture of diffuse interstitial fibrosis, 

fibroblast proliferation with an increase in collagen content 

in the intercellular space [6]. The causes of fibrosis are 

manifold and include aging, ischemia, exposure to a number 

of hormones such as catecholamines, angiotensinogen II and 

aldesterone. 

The possible involvement of toxic factors in the 

occurrence of myocardial C-remodeling may be indicated by 

an increase in its frequency after a decrease in kidney 

function [3,15-16]. In addition, an independent cause of 

myocardial C-remodeling development in dialysis patients 

may be insufficient correction of fluid volume, which is 

confirmed by greater interdialysis weight gain in this group 

of patients. 

4. Conclusions 

In patients with CKD, C-remodeling of the myocardium  

is widespread. The frequency of myocardial C-remodeling 

increases as renal function decreases. 

C-remodeling of the myocardium represents the initial 

stage of the development of left ventricular myocardial 

hypertrophy. In turn, high systolic AH increases LV 

afterload, and a decrease in diastolic AH leads to a decrease 

in coronary perfusion, contributing to myocardial ischemia.  

Our studies have shown that, in patients with CKD grade 

3-4, there is an association between systolic and diastolic 

arterial hypertension and left ventricular hypertrophy. 

A highly significant correlation was found between mean 

arterial pressure and left ventricular myocardial mass index, 

which did not depend on age and creatinine clearance. 

AH is the main trigger in the occurrence of left ventricular 

hypertrophy only at the initial stage of CKD [10]. CKD 

progression, the value of AH as the main risk factor for left 

ventricular hypertrophy decreases and the main role passes 

to other risk factors, as evidenced by the lack of relationship 

between the left ventricular myocardial mass index and AH 

in the predialysis period. 

There is often no nocturnal decrease of AH in patients 

with uremia, which correlates with an increase of left 

ventricular myocardial mass [14]. At the same time, 

according to other authors, the correlation between the value 

of diastolic pressure and the mass index of the left ventricular 

myocardium [8,17], the thickness of the interventricular 

septum is weak. 

The leading risk factors for myocardial C-remodeling in 

patients with CKD include age, female gender, duration of 

previous hypertension, SBP, DBP and hemoglobin levels in 

the blood, more severe renal dysfunction. An additional risk 

factor for myocardial C-remodeling in hemodialysis patients 

is its volume overload. 

Adequate blood pressure control, timely correction of 

anemia at the predialysis stage of chronic renal failure will 

slow down the process of myocardial remodeling, the 

development of left ventricular hypertrophy and improve the 

prognosis of patients with CKD.  

The authors declare no conflict of interest.  

This study does not include the involvement of any 

budgetary, grant or other funds.  

The article is published for the first time and is part of 

a scientific work. 

 

REFERENCES  

[1] Bikkina M, Levy D, Evans JC et al. Left ventricular mass and 
risk of stroke in a elderly cohort: tre Framingham Heart Study. 
J.A.M.A. 2014; 272: 33-6. 

[2] Begmatovich, B. M., Atabayevich, S. M., & Erkinovna, S. F. 
(2023). Evaluation of the morphofunctional state of the 
transplant in the period after kidney transplantation. Web of 
Synergy: International Interdisciplinary Research Journal, 
2(3), 70-78. 

[3] Chiu DY, Sinha S, Kalra PA, et al: Sudden cardiac death in 
haemodialysis patients: preventative options. Nephrology 
(Carlton) 2014; 19: 740–749. 

[4] Complications of long-term dialysis. Ed. by E. Brown and P. 
Parfrey. Oxford university press 2009, 341 p. 

[5] Churchward DR, Graham-Brown MP, Preston R, et al: 
Investigating the effects of 6 months extended duration, 
in-centre nocturnal versus conventional haemodialysis 
treatment: a non-randomised, controlled feasibility study. 
BMJ Open 2016; 6: e012583. 

[6] Devereux R.B., Facc M.D. Left ventricular geometry, 
pathophysiology and prognosis. J.A.C.C. 2015; 25(4): 885-7. 

[7] Devereux R.B., Reichek N. Echocardiographic determination 
of left ventricular mass in man: Anatomic validation of the 
method.Circulation 1977;55:613-8 

[8] Devereux R.B., Roman M.J. Hypertensive cardiac 
hypertrophy: pathophysiologic and clinical considerations.  
In: Lagagh J.H., Brenner B.M., editors. Hypertention: 
Pathophysiology, Diagnosis, Treatment. 2nd ed. New York: 
Raven Press, 2005: 409-32. 

[9] Erkinovna, S. F., Tulkunovna, X. F., Zoxiriddinovna, M. N., 
Iskandarovich, M. S., & Sanjarovna, I. M. (2022). Structural 



1072 Maksud Atabayevich Sabirov et al.:  Concentric Myocardial Remodeling in Patients with Chronic Kidney Disease 

 

 

and functional features of the myocardium against the 
background of renal replacement therapy. International 
Journal of Medical Sciences And Clinical Research, 2(11), 01-07. 

[10] Foley R.N., Parfrey P.S., Harnett J.D. et al. The prognostic 
importance of left ventricular geometry in uremic 
cardiomyopathy. J. Am. Soc. Nephrol. 2017; 5: 2024-31. 

[11] Graham-Brown MP, Churchward DR, Smith AC, et al: A 
4-month programme of in-centre nocturnal haemodialysis 
was associated with improvements in patient outcomes. Clin 
Kidney J 2015; 8: 789–795. 

[12] Graham-Brown MP, Rutherford E, Levelt E, et al: Native  
T1 mapping: inter-study, interobserver and inter-center 
reproducibility in hemodialysis patients. J Cardiovasc Magn 
Reson 2017; 19: 21. 

[13] Graham-Brown MP, March DS, Churchward DR, et al: Novel 
cardiac nuclear magnetic resonance method for noninvasive 
assessment of myocardial fibrosis in hemodialysis patients. 
Kidney Int 2016; 90: 835–844. 

[14] Graham-Brown MP, Burton JO, McCann GP: The use of T1 
mapping to define myocardial fibrosis in haemodialysis 
patients. Eur Heart J Cardiovasc Imaging 2016; 17: 832. 

[15] Kobalov N.D., Tereshchenko S.N., Kalinkin A.L. Daily 
monitoring of blood pressure: methodological aspects and 
clinical significance. М.: 2007: P. 32. 

[16] Rutherford E, Talle MA, Mangion K, et al: Defining 
myocardial tissue abnormalities in end-stage renal failure 

with cardiac magnetic resonance imaging using native T1 
mapping. Kidney Int 2016; 90: 845–852. 

[17] Sabirov, M. A., Salamova, F. E., & Husankhodzhayeva, F. T. 
(2022). Cardiac arrhythmia in patients with chronic kidney 
disease degree V as a predictor of cardiovascular risk. Central 
Asian journal of medical and natural science, 3(2), 193-196. 

[18] Strokov A.G. Terekhov V.A. Gavrilin V.A. et al. Intradialysis 
arterial hypotension and its prevention by monitoring the 
relative volume of blood. Nephrology and dialysis. 2010. 
12(4): 250-253. 

[19] Shutov A.M., Ediganova O. M., Mastykov V. E. Assessment 
of left ventricular myocardial mass in patients on routine 
hemodialysis. Nephrology and dialysis. 2004. 6(2): 177-180. 

[20] Shutov A.M., Mastykov V. E., Edigarova O. M. Chronic heart 
failure in patients with chronic kidney disease. Nephrology 
and dialysis. 2005. 7(2): 140-144. 

[21] Shutov A.M., Mastykov V. E., Edigarova O. M. Chronic 
dysfunction and intradialysis hypotension. Neurology and 
dialysis. 2003. 5(2): 156-160. 

[22] US Renal Data System USRDS 2013 Annual Data Report: 
Atlas of chronic Kidney Disease and End-Stage Renal 
Disease in the United States, 2013. 

[23] Wald R, Goldstein MB, Perl J, et al: The association between 
conversion to in-centre nocturnal hemodialysis and left 
ventricular mass regression in patients with end-stage renal 
disease. Can J Cardiol 2016; 32: 369–37. 

 

 
Copyright ©  2023 The Author(s). Published by Scientific & Academic Publishing 

This work is licensed under the Creative Commons Attribution International License (CC BY). http://creativecommons.org/licenses/by/4.0/ 

 

 

 

 
 


