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Abstract 

Aim: Heart failure is an important cause of morbidity and 

mortality in end-stage renal disease patients. It is important to 

diagnose and take precautions before heart failure develops in 

this group of patients. We aimed to evaluate diastolic dysfunction, 

which may be the first stage of heart failure using tissue Doppler 

imaging (TDI) in hemodialysis (HD) patients. 

Methods: The study included 49 patients receiving HD treatment 

and 46 healthy controls matched for age and sex. 

Echocardiographic evaluation including tissue Doppler 

measurements was performed to all participants. 

Results: Early diastolic peak (Em) was lower, late diastolic peak 

(Am) was significantly higher in the HD group (p <0.001 and p = 

0.042, respectively). Em / Am ratio was statistically lower in the 

HD group (p <0.003). There was no statistically significant 

difference in IVCT, ET and MPI between the groups. IVRT was 

statistically higher in the HD group (p <0.001). 

Conclusion: In our study, the frequency of diastolic dysfunction 

was found to be higher in HD patients compared to the control 

group by tissue Doppler imaging. We think that the use of TDI to 

detect diastolic dysfunction at an early stage may be important in 

this group of patients and may be used for screening.

Introductıon: 

Chronic kidney disease (CKD) is defined by the 

presence of renal damage or decreased renal 

function for three or more months regardless of 

the cause (1). CKD is an increasingly important 

public health problem worldwide. The number of 

patients enrolled in the hemodialysis program 

due to end-stage renal disease (ESRD) is gradually 

increasing (2,3). ESRD patients experience 

significant morbidity, mortality and poor quality  

of life (4). Cardiovascular diseases are an 

important cause of morbidity and mortality in 

patients receiving dialysis treatment. 

Cardiovascular events account for more than 40% 

of deaths of known etiology in ESRD patients (5). 

Diastolic dysfunction is one of the main 

characteristics of heart failure with preserved 

ejection fraction (HFpEF). It is a comprehensive 
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condition that is responsible for most of the 

significant heart failure in ESRD patients (6). 

Diastolic dysfunction is an early manifestation of 

CVD which precedes cardiac failure in CKD 

patients (7,8). Diastolic dysfunction is a more 

common condition in CKD patients than systolic 

dysfunction (9). CKD patients are at an 

approximately three-fold increased risk for 

severe diastolic dysfunction prevalence 

compared to the general population (10,11). 

Diastolic (dis) function is clinically examined 

especially by echocardiography. Many diastolic 

function indices have been described in the 

evaluation (12). Tissue Doppler imaging is one of 

them.  

Many studies have been conducted on the 

association of heart failure and diastolic 

dysfunction in HD patients. Most of them were 

performed by conventional echocardiography 

methods. However, there were few studies on the 

evaluation of diastolic dysfunction by tissue 

Doppler imaging.    

This study aimed to evaluate the diastolic 

dysfunction which is accepted as the early stage 

of heart failure with tissue Doppler 

echocardiography in HD patients. We aimed to 

compare it with the healthy group and test the 

strength of the diagnostic value at an early stage. 

Materıal and Methods: 

Study group and study design 

This study was designed prospective, cross-

sectional and single-center. The study included 

forty-nine dialysis patients (study group) aged 

36-80 years and 46 age-sex matched normal 

individuals. The study was conducted between 

August 2018 and November 2018 in Bilecik State 

Hospital Nephrology Department. Those who 

read and signed the consent form were included 

in the study as patient and control groups 

according to their health status. Local ethics 

committee approval was obtained. 

Exclusion criteria: 

Heart failure, 

Atrial fibrillation / flutter, 

Active infection, 

Known history of malignancy, 

Chronic lung disease, 

Severe anemia, 

Patients with a known history of coronary artery 

disease (CAD), congenital heart disease, 

Severe valvular heart disease, 

Pregnancy. 

General evaluation 

Anamnesis was taken from all participants and a 

complete physical examination was performed. 

The demographic data of the participants were 

recorded. Venous blood samples were taken after 

12 hours of fasting. Blood count and routine 

biochemical parameters were measured. 

Echocardiographic examinations were performed 

using a Philips brand EPIQ 7 echocardiography 

device and a 2.5 MHz transducer. The 

measurements were performed according to the 

recommendations of the American 

Echocardiography Society in the left lateral 

decubitus position (13). For tissue doppler 

imaging, the device's TDI program was used. 

Tissue Doppler sample volume was placed on the 

lateral walls of the mitral annulus in an apical 

four-chamber view. Respectively, early diastolic 

peak (Em), late diastolic peak (Am), and systolic 

flow peak velocities (Sm) were measured in the 

annulus of the septal and lateral walls. 

Isovolumetric relaxation time (IVRT), 

isovolumetric contraction time (IVCT) and 

ejection times (ET) were recorded. MPI was 

determined by the following formula; IVRT 

+IVCT/ ET. The assessments were performed by a 

cardiologist who did not have access to patient 

data.  

SPSS 20.0 for Windows program was used for 

statistical analysis. Descriptive statistics were 

given as mean for numerical variables and 

median for standard deviation. The student's t-

test was used to compare two independent 

groups when the numerical variables provided 

the normal distribution condition, and the Mann 

Whitney U test was used when the normal 

variables did not meet the normal distribution 

condition. Since the relationships between 

numerical variables did not provide parametric 

test conditions, Spearman Correlation analysis 

was used. The statistical significance level was 

accepted as p <0.05. 
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Results: 

Forty-nine patients with HD and 46 healthy 

individuals who met the study criteria were 

included. Forty-eight of the participants were 

female and 47 were male. The mean age was 65 ± 

17.8 and the mean body mass index (BMI) was 29 

± 3.1 kg / m
2

. Age distribution was similar 

between the groups. The male participant was 

more in the HD group. In the control group, the 

female participant was more (p <0.001). The 

number of participants with a history of 

hypertension and diabetes mellitus was 

significantly higher in the HD group. (p <0.001 

and p <0.001, respectively). Demographic 

properties are shown in Table 1.  

Table 1: Baseline characteristics of the 

participants 

 

 HD group 

(n=49 

(Mean±SD) 

Control 

(n=46) 

(Mean±SD) 

P value 

Age 64.4±12.0 63.7±8.9 0.672 

 

Female /male, n 

(%) 

17/32 (34.7/ 

65.3) 

31/15 (67.4/ 

32.6) 

<0.001 

 

Weight (kg) 65±17.3 66±15 0.264 

 

BMI, kg/ m
2

 28.7±3.5 29.2±3.3 0.480 

 

Hypertension,  

n (%) 

17 (34.6) 6 (13) <0.001 

 

Diabetes 

mellitus, n(%) 

22 (44.8) 7 (15.2) <0.001 

 

Heart rate, 

beats/ min,  

80.1 (14.7) 77.5 (9.2) 0.571 

BMI: Body Mass Index, SD: Standard Deviation 

While the Em velocity and Em / Am ratio were 

lower in the HD group (p <0.001 and p = 0.003, 

respectively), Am was significantly higher (p = 

0.042). S wave measured from the lateral wall 

similar to the groups. IVRT was significantly 

higher in the HD group (p <0.001). IVCT and ET 

were higher in the HD group but this difference 

was not significant (p = 0.377 and p = 0.6, 

respectively). Em / Am ratio was statistically 

significantly lower in the HD group (p<0.003). 

MPI was higher in the HD group. This is not 

statistically significant (p = 0.271). 

Echocardiographic tissue Doppler measurements 

are shown in table 2. 

Table 2: Tissue Doppler echocardiographic 

measurements 

 

 HD group 

(n=49) 

(Mean±SD) 

Control (n=46) 

(Mean±SD) 

P value 

LVEF (%) 59.89±2.81 60.04±2,47 0.257 

Lateral TDI 

Em (cm/s)  

6.88±2.04 9.96±3.35 <0.001 

Lateral TDI 

Am (cm/s)  

11.26±2.65 10.16±1.57 0.042 

Lateral TDI 

Sm (cm/s)  

11.28±4.05 10.64±3.57 0.68 

Lateral Em 

/Am  

 

0.64±0.2 0.98±0.2 <0.003 

IVCT (ms) 

 

62.79±8.8 58.28 ±12.75 0.377 

IVRT (ms) 

  

99.4±14.74 62.41±5.18 <0.001 

ET (ms) 

 

269.48±23.53 256.36±22.37 0.6 

MPI  0.61±0.11 0.47±0.06 0.271 

TDI: tissue Doppler imaging; Em: early diastolic 

velocity; Am: late diastolic velocity; Sm: peak 

systolic velocity; IVCT: isovolumetric contraction 

time; IVRT: isovolumetric relaxation time; ET: 

ejection time; MPI: Myocardial performance index 

Dıscussıon: 

In our study, we found that Em, Am, S wave 

velocities and E / A ratio obtained from tissue 

doppler were in favor of diastolic dysfunction in 

HD patients. While MPI showing both diastolic 

and systolic functions of the left ventricle was 

similar between the groups, we found IVRT 

significantly higher in the HD group. 

Left ventricular filling pressure increases with 

diastolic dysfunction and is an important 

mechanism responsible for the pathophysiology 

of heart failure. The use of Em, Am, S wave 

velocity and E / A ratio obtained by tissue 

doppler together with other LV diastolic 

parameters has been shown to predict mortality 

in various patient populations (14,15). CKD 

provides a two-fold increase in the risk of 

cardiovascular events, and heart failure is the 

most common cardiovascular event in this 

population (16). The presence of HF is a predictor 

of early mortality in dialysis patients as in other 

patients. Therefore, it was thought that the 

mortality and morbidity of CKD patients would 

be reduced by detecting diastolic dysfunction 

which is seen as the initial stage of HF and taking 

necessary precautions at an early stage. 
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Previously, many studies have investigated 

systolic and diastolic functions in CKD patients. 

However, the number of studies evaluating 

diastolic dysfunction with TDI and MPI in ESRD 

patients is limited. MPI is a parameter in which 

both systolic and diastolic functions can be 

evaluated together (17). It is a widely accepted 

parameter that is not affected by factors such as 

heart rate and ventricular structure of the 

preload (18). MPI is an independent risk factor for 

mortality in acute myocardial infarction (19). 

Also, MPI has been shown to increase in many 

autoimmune diseases with cardiac involvement 

(20, 21). It has been shown that there is a strong 

correlation between MPI and diseases that play a 

direct and indirect role in the etiology of heart 

failure. Erdogan M.A. et al. (22) showed a 

significant difference in MPI values between ESRD 

and healthy control groups. In our study, MPI 

value was high in HD group but this difference 

was not statistically significant. Another 

difference in our study was that we evaluated 

systolic and diastolic dysfunction with the TDI 

method, which is thought to be more sensitive. 

In a study by Jain et al, 1600 patients with a GFR 

of less than 60% examined a total of 2056 

patients. Diastolic dysfunction measured as E / e’ 

was associated with lower GFR. And in all stages 

of CKD, E / e’ has been associated with many 

negative outcomes, including heart failure and 

overall mortality (23). Similarly, in our study, 

diastolic dysfunction was more common in the 

HD group. The difference in our study was that 

all patients had ESRD and were treated with HD. 

In a study evaluating the right heart function in 

HD patients, E / A ratio was found to be 

significantly lower in the tricuspid valve in ESRD. 

In our study, we evaluated left ventricular 

functions with TDI. We believe that the 

biventricular functions of HD patients should be 

evaluated together in large scale studies. 

Lımıtatıon: 

One of the limitations of our study was the 

relatively low number of study groups and the 

fact that the study was a single center. Another 

important limitation was the lack of long-term 

mortality and morbidity monitoring. 

Conclusıon: 

We found that diastolic dysfunction is more 

common with tissue Doppler imaging in patients 

receiving HD treatment for ESRD. Since this 

method is more sensitive than conventional 

echocardiographic methods in determining 

diastolic dysfunction, we thought that it may be 

useful in early-stage HF screening in HD patients. 

Also, an important feature of this method is that 

it is non-invasive, economical, easily applicable, 

reproducible and widespread. 
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