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positively correlated with inter-atrial time, left intra-atrial 
time, systolic and diastolic BP, calcium and neutrophil-to-
lymphocyte ratio (NLR) (r 0.22, p 0.016; r 0.28, p 0.002; 
r 0.34, p < 0.001; r 0.35, p < 0.001; r 0.37, p < 0.001; r 
0.46, p < 0.001, respectively) and negatively correlated 
with serum uric acid (r −0.31, p 0.013) in ESRD patients. 
We found positive correlations between left intra-atrial 
time and LAaeV, LAVmax, LAVp and NLR (r 0.28, p 0.002; 
r 0.27, p 0.003; r 0.27, p 0.003; r 0.22, p 0.03, respectively) 
and negative correlations with albumin, uric acid and potas-
sium (r −0.24, p 0.008; r −0.19, p 0.04; r −0.26, p 0.037, 
respectively). Advanced age, decreased serum albumin and 
increased NLR were found to be independent predictors of 
LAaeV; however, only NLR was found to be an independ-
ent predictor of AEMD time in this population.
Conclusions Increased inflammation might be a risk fac-
tor of AEMD and LA mechanical dysfunction in ESRD 
patients.
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Introduction

End-stage renal disease patients (ESRD) receiving hemo-
dialysis (HD) or peritoneal dialysis (PD) were found to be 
more prone to cardiovascular (CV) death, despite intense 
medical treatment targeting CV diseases and develop-
ments in dialysis techniques [1]. The risk of CV mortal-
ity is much more high in this population when compared 
to age-, gender- and race-matched general population [2]. 
Framingham risk factors, per se, are not the only responsi-
ble factors for this increased CV morbidity and mortality. 

Abstract 
Introduction Left atrium (LA) mechanical functions and 
atrial electromechanical delay (AEMD) times were consid-
ered independent predictors of cardiovascular morbidity in 
general population. Data are scant about these parameters 
in end-stage renal disease (ESRD) patients receiving hemo-
dialysis (HD) and peritoneal dialysis (PD). We aimed to 
evaluate AEMD times and LA mechanical functions and 
associated risk factors in HD and PD patients.
Methods Forty-four healthy individuals, 62 HD and 
50 PD patients were enrolled in the study. Echocardiog-
raphy was performed before midweek dialysis session 
for HD patients and on admission for PD patients. Data 
were expressed as mean ± SD. Spearman’s test was used 
to assess linear associations. Predictors of left intra-atrial 
EMD time and LA active emptying volume (LAaeV) were 
assessed by regression analysis.
Results Left intra-atrial-AEMD times were significantly 
longer in HD patients compared to PD patients. LAaeV was 
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In this regard, both traditional risk factors including coro-
nary artery disease, left ventricular hypertrophy, diastolic 
dysfunction, atrial and ventricular arrhythmia and sudden 
cardiac death, and novel kidney disease-related risk fac-
tors such as malnutrition, inflammation, vascular calcifica-
tion, anemia and various uremic toxins and cytokines were 
found to be responsible for high CV morbidity and mortal-
ity in this population [3]. Among the arrhythmias seen in 
ESRD patients, atrial fibrillation (AF) is the most common 
type which is also closely associated with CV mortality 
[4].

In recent years, measurement of left atrial (LA) active 
and passive emptying volumes and electromechanical 
functions has been demonstrated as a potential indica-
tor of cardiac arrhythmias in general population [5]. 
The delay of atrial electromechanical conduction time 
may result in recurrent AF in general population [6]. 
Recently, inter-atrial, intra-atrial and left intra-atrial 
EMD times were significantly found to be higher in dia-
betic patients when compared with the healthy controls 
[7]. Basar et al. [8] also demonstrated that total atrial 
electromechanical delay times were higher in hyper-
uricemic patients with hypertension. Additionally, vita-
min D replacement was found to be beneficial in terms 
of decrement in AEMD times in patients with vitamin D 
deficiency [9]. Atrial electromechanical delay (AEMD) 
times including inter-atrial and left and right intra-elec-
tromechanical delay times were also found to be higher 
in HD patients compared to healthy subjects [10]. How-
ever, there have been no enough data regarding the inde-
pendent predictors of AEMD times in HD patients and 
virtually none in PD patients. In this regard, we aimed 
to evaluate AEMD times and LA mechanical functions 
and associated risk factors in HD and PD patients and to 
compare these results with those obtained from healthy 
individuals.

Study population and methods

The study protocol was approved by the Medical Eth-
ics Committee of Erzincan University, Erzincan, Turkey 
(IRB Number: 45968001). Written informed consent was 
obtained from all subjects included in the study.

This was a cross-sectional study involving 112 ESRD 
patients receiving continuous ambulatory peritoneal dial-
ysis (PD) or HD for ≥6 months in the Dialysis Unit of 
Erzincan University. Patients aged 18–70 years willing to 
participate were screened. A review of medical records 
(including information on age; sex; weight; duration of 
renal replacement treatment; medications; primary dis-
ease of ESRD) was undertaken. Exclusion criteria were 
the following: (1) patients with active infection (clinically 

manifested as fever, cough, nausea, vomiting, diarrhea, 
etc.); (2) autoimmune disease; (3) secondary hyperpar-
athyroidism (iPTH > 300 pg/mL); (4) congestive heart 
failure; (5) angina pectoris and/or documented coronary 
artery disease; (6) moderate-advanced mitral annular 
calcification; (7) hypo/hyperthyroidism; and (8) bundle 
branch block, atrioventricular conduction abnormalities, 
atrial fibrillation, preexcitation on ECG, patients taking 
medications that may affect conduction (anti-arrhythmics, 
beta-blocker, digoxin, etc.) and pacemaker. One-hundred 
and forty patients were evaluated and 28 patients were 
excluded from the study. Of these 28 patients, 11 had 
active infection; 10 had atrial fibrillation; 5 had conges-
tive heart failure (New York Heart Association classes III–
IV); and 2 had autoimmune disease (including systemic 
lupus erythematosus and microscopic polyangiitis). None 
of the patients included in the study had nephrotic-range 
proteinuria, mitral annular calcification, mitral valve 
insufficiency and bundle branch block, atrioventricular 
conduction abnormalities, atrial fibrillation, and preexci-
tation based on electrocardiography (ECG). The remain-
ing 112 ESRD patients (62 HD and 50 PD patients) ful-
filled the criteria mentioned earlier and were enrolled in 
the study.

Forty-four age-matched and sex-matched healthy indi-
viduals referred from outpatient clinics of the Internal 
Medicine Department of Erzincan University were also 
enrolled as control subjects. They were subject to the same 
inclusion and exclusion criteria as the patients.

HD patients were receiving thrice-weekly dialysis 
for a 4-h period with a standard bicarbonate-containing 
dialysate bath using a biocompatible HD membrane (Pol-
ysulfone, FX-80 series, Fresenius, Germany). Dialysate 
flow rates were 500 mL/min and blood flow rates were 
250–300 mL/min. The dialysate fluid composition of HD 
patients includes 140 mEq/L of sodium, 1–4 mEq/L of 
potassium, 3 mEq/L of calcium, 1.8 mEq/L of magnesium 
and 33 mEq/L of bicarbonate. The dialysate fluids contain-
ing (mmol/L) Na+: 134, Ca2+: 1.25, Mg2+: 0.5, Cl−: 95, 
lactate 35 and 1.5 % glucose were used in PD patients. The 
systolic blood pressure (SBP) and diastolic blood pressure 
(DBP) of patients and healthy subjects were measured in 
the upright sitting position after ≥5 min of rest using an 
Erka sphygmomanometer (PMS Instruments Limited, 
Berkshire, UK) with an appropriate cuff size. Two read-
ings were recorded for each individual. The mean value of 
two readings was defined as the blood pressure. Patients 
with SBP and DBP >140 and 90 mmHg, respectively, 
or who were already on antihypertensive treatment were 
assumed to be hypertensive. Thirty patients were taking 
antihypertensive drugs (7 of them on angiotensin-convert-
ing enzyme inhibitors; 5 receiving an angiotensin II recep-
tor blockers; and 18 receiving a calcium channel blocker). 



Int Urol Nephrol 

1 3

Forty-one patients were taking calcium-containing phos-
phate binders.

Biochemical analyses

Venous blood samples for biochemical analyses were 
drawn after an overnight fast before first exchange in 
PD patients and before the midweek session in patients 
receiving HD. All biochemical analyses including those 
for total cholesterol and plasma triglyceride concentra-
tions were undertaken using an oxidase-based technique 
by the Roche/Hitachi Modular System (Mannheim, Ger-
many) in the Central Biochemistry Laboratory of Erzin-
can University Mengucek Gazi Training and Research 
Hospital.

Definition of neutrophil‑to‑lymphocyte ratio

Complete blood counts with automated differential counts, 
which included total white blood cells, neutrophils, and 
lymphocytes, were obtained at the time of admission. Neu-
trophil-to-lymphocyte ratio (NLR) was calculated as the 
ratio of the neutrophils to lymphocytes, both obtained from 
the same automated blood sample at the admission of the 
study.

Standard echocardiographic measurements

Echocardiographic examinations were performed with a 
machine equipped with a 2–4 mHz phased array transducer 
(Vivid S5, GE, Horten, Norway) by a cardiologist who was 
blinded to the clinical characteristics of ESRD patients and 
healthy individuals. Left ventricle (LV) end-systolic and 
end-diastolic dimensions, diastolic LV posterior wall thick-
ness, diastolic ventricular septal thickness, and left atrium 
dimension were measured in parasternal long-axis view. 
Apical four- and two-chamber views were obtained. Con-
tinuous single-lead ECG was obtained from all subjects 
during echocardiography. The disk method was preferred to 
measure left atrial volumes.

The mitral inflow early (E)-wave was obtained from the 
apical four-chamber view by pulsed wave Doppler. The 
mitral septal early (e′) wave velocity was obtained from 
the apical four chambers by pulsed wave tissue Doppler. 
E/e′ ratio was calculated for estimating end-diastolic LV 
pressure. M-mode, conventional Doppler, and tissue Dop-
pler measurements were carried out in accordance with the 
guidelines of the American Society of Echocardiography 
[11].

The LA function parameters were calculated as follows:

–– LA passive emptying volume = Vmax − Vp,
–– LA active emptying volume = Vp − Vmin [12].

Measurements of tissue Doppler echocardiography 
(TDE)

Pulsed wave TDE was obtained from an apical four-
chamber window under continuous single-lead ECG 
monitoring. Lead positions were modified for maximum 
P wave gain. Myocardial TDE velocities (peak systolic 
[S’], early diastolic [E’] and late diastolic velocities [A’]) 
were measured via spectral pulsed Doppler as of the LV-
free wall from the apical four and two-chamber view. The 
ultrasound beam was positioned as parallel as possible 
with the myocardial segment to acquire the optimal angle 
of imaging. Atrial electromechanical coupling (PA) is the 
time interval from the onset of P wave to the late diastolic 
wave on ECG. It has been obtained from lateral mitral 
annulus, septal mitral annulus and right ventricular tricus-
pid annulus and called as following: PA lateral, PA sep-
tum, and PA tricuspid, respectively. The right atrial EMD 
time was defined as “PA tricuspid minus PA septal”, the 
left atrial EMD time as “PA lateral minus PA septal” and 
inter-atrial EMD time as “PA lateral minus PA tricuspid” 
[13]. An average measurement was achieved after obtain-
ing these values three times. We performed the measure-
ments from recordings by a second observer. The intra-
observer and inter-observer variability for TDE were all 
<5 %.

Statistical analysis

Statistical analyses were carried out using the Statisti-
cal Package for Social Sciences for Windows version 
15.0 (SPSS, Chicago, IL, USA). Data are expressed as 
mean ± standard deviation. Dichotomous variables were 
compared using the Chi-squared test. Statistical differences 
between parametric data of two groups were analyzed 
using the Student’s t test. The Mann–Whitney U test was 
used to determine differences between nonparametric data. 
Linear associations between continuous variables were 
assessed using the Spearman’s correlation test.

Significant determinants identified from univariate 
analysis and associated risk factors were studied in a step-
wise multiple regression model. The backward elimination 
method was preferred in the stepwise regression analysis 
and p > 0.1 used as a criterion for elimination in this model. 
p < 0.05 was considered significant for all tests.

Results

Baseline characteristics of study population

The baseline characteristics of 62 HD, 50 PD patients and 
44 healthy individuals are shown in Table 1. Groups were 
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similar for age, gender and presence of diabetes mellitus; 
however, there were statistically significant differences 
regarding body mass index, systolic and diastolic blood 
pressures, serum urea, creatinine, calcium, phosphorus, 
albumin, uric acid, total low-density lipoprotein (LDL) and 
high-density lipoprotein (HDL) cholesterol, triglyceride 
and NLR.

The etiology of ESRD patients was diabetic nephropa-
thy (n = 22), chronic glomerulonephritis (n = 19), hyper-
tensive nephropathy (n = 30), polycystic kidney disease 
(n = 7), nephrolithiasis (n = 5) and unknown (n = 29).

In contrast, there were no significant differences in 
terms of age, gender, BMI, presence of diabetes and serum 
glucose, HDL cholesterol, triglyceride levels and NLR 
between HD and PD patients. HD patients had signifi-
cantly lower systolic and diastolic blood pressure, serum 
total cholesterol, LDL cholesterol and calcium levels while 
serum albumin and phosphorus levels were significantly 
higher in this group.

Atrial electromechanical delay times and left 
atrium mechanical functions of HD and PD patients 
and healthy individuals

Table 2 shows the measurements of AEMD times of 
healthy individuals and HD and PD patients. Left and right 

intra-atrial EMD and inter-atrial EMD times were signifi-
cantly lower in healthy subjects compared to HD and PD 
patients.

Left intra-atrial EMD time was significantly higher in 
PD patients compared to HD patients; however, there were 
no significant difference in terms of right intra-atrial and 
inter-atrial-EMD times between two groups (Table 2).

Table 2 shows the measurements of LA mechanical 
functions and variations between healthy individuals and 
HD and PD patients. Left atrium maximum volume, LAVp, 
LA active and passive emptying volumes were lower in 
healthy subjects compared to HD and PD patients.

Left atrium maximum volume, LAVp, LA active and 
passive emptying volumes were significantly higher in PD 
patients compared to HD patients (Table 2).

Correlations between left atrial EMD times and other 
parameters in end‑stage renal disease patients

We found positive correlations between left intra-atrial 
EMD time and LA active emptying volume, LAVmax, LAVp 
and NLR (r 0.28, p 0.002; r 0.27, p 0.003; r 0.27, p 0.003; 
r 0.22, p 0.03, respectively). Left intra-atrial EMD time 
was negatively correlated with serum albumin, uric acid 
and potassium levels (r −0.24, p 0.008, r −0.19, p 0.04, r 
−0.26, p 0.037 respectively).

Table 1  Demographic, clinic and laboratory features of healthy individuals, HD patients and PD patients

BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, NLR neutrophil-to-lymphocyte ratio
# p values between three groups, * p values of HD versus PD patients

Parameters Healthy individuals (n = 44) HD patients (n = 62) PD patients (n = 50) p# value p* value

Age (years) 52 ± 8 54 ± 11 52 ± 10 0.11 0.94

Female/male 18/26 29/33 18/32 0.51 0.33

Presence of diabetes mellitus – 10 12 – 0.34

BMI (kg/m2) 26.3 ± 4.9 23.9 ± 1.9 23.8 ± 2.0 <0.0001 0.92

SBP (mmHg) 124 ± 15 126 ± 20 135 ± 13 0.002 0.004

DBP (mmHg) 74 ± 13 77 ± 10 83 ± 9 0.001 0.003

Glucose (mg/dL) 94 ± 9 111 ± 45 117 ± 46 0.12 0.41

Urea (mg/dL) 26 ± 7 158 ± 39 59 ± 14 <0.0001 <0.0001

Creatinine (mg/dL) 0.7 ± 0.1 9.0 ± 2.7 7.7 ± 3.3 <0.0001 0.01

Calcium (mg/dL) 8.9 ± 0.6 8.1 ± 0.9 9.3 ± 1.0 <0.0001 <0.0001

Phosphorus (mg/dL) 2.9 ± 0.2 5.4 ± 1.6 4.3 ± 1.0 <0.0001 <0.0001

iPTH (pg/dL) – 184 ± 81 115 ± 70 – 0.23

Albumin (g/dL) 4.3 ± 0.1 3.4 ± 0.3 2.9 ± 0.4 <0.0001 <0.0001

Uric acid (mg/dL) 3.9 ± 0.6 6.2 ± 1.2 5.3 ± 1.2 <0.0001 <0.0001

Total cholesterol (mg/dL) 164 ± 29 165 ± 41 195 ± 59 0.001 0.001

LDL cholesterol (mg/dL) 109 ± 23 86 ± 29 118 ± 50 <0.0001 <0.0001

HDL cholesterol (mg/dL) 31 ± 6 37 ± 13 37 ± 10 0.006 0.65

Triglyceride (mg/dL) 120 ± 67 213 ± 131 116 ± 77 <0.0001 0.98

NLR 1.2 ± 0.3 2.6 ± 1.5 2.9 ± 1.3 <0.0001 0.17
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Correlations between LA mechanical functions 
and other parameters in end‑stage renal disease 
patients

There have been positive correlations between LA active 
emptying volume and inter-atrial EMD time, left intra-
atrial EMD time, systolic and diastolic blood pressure 
(BP), serum calcium and NLR in ESRD patients (r 0.25, p 
0.006; r 0.28, p 0.002; r 0.34, p < 0.001; r 0.35, p < 0.001; 
r 0.37, p < 0.001; r 0.39, p < 0.001; respectively). Left 
atrium active emptying volume was found to be negatively 

correlated with serum uric acid (r −0.30, p 0.001) in this 
population.

Predictors of left intra‑atrial electromechanical delay 
time in ESRD patients

Significant determinants identified from univariate anal-
ysis and AEMD-associated factors were studied in a 
stepwise multiple regression model. Multivariate regres-
sion analyses were undertaken to determine independent 
associations among left intra-atrial EMD time and other 

Table 2  Left atrium (LA) volumes, LA mechanical functions and atrial electromechanical delay (AEMD) times of healthy individuals and 
patients receiving HD and PD

LAVmax left atrium maximum volume, LAVp
¶ p values between three groups, # p values of healthy individuals versus HD patients, ¥ p values of healthy individuals versus PD patients and 
* p values of HD versus PD patients

Parameters Healthy individuals 
(n = 44)

HD patients 
(n = 62)

PD patients 
(n = 50)

p¶ value p# value p¥ value p* value

LAVmax (mL/m2) 23.8 ± 2.6 52.2 ± 34.1 72.8 ± 23.6 <0.0001 0.001 <0.0001 <0.0001

LAVp (mL/m2) 16.0 ± 2.4 38.5 ± 26.3 56.48 ± 20.8 <0.0001 <0.0001 <0.0001 <0.0001

Left atrium passive emptying 
volume (mL/m2)

7.7 ± 2.5 13.7 ± 11.7 16.3 ± 7.2 <0.0001 0.05 <0.0001 0.018

Left atrium active emptying vol-
ume (mL/m2)

6.5 ± 2.4 11.2 ± 9.9 17.0 ± 8.8 <0.0001 0.05 <0.0001 0.001

Left intra-atrial time (msn) 12.2 ± 5.1 15.3 ± 10.0 17.8 ± 7.6 0.004 0.03 <0.0001 0.018

Right intra-atrial time (msn) 7.5 ± 4.1 13.0 ± 9.8 12.4 ± 6.0 0.001 0.01 <0.0001 0.40

Inter-atrial time (msn) 19.5 ± 7.9 27.6 ± 13.4 30.4 ± 10.0 <0.0001 0.004 <0.0001 0.12

Table 3  Predictors of left intra-
atrial electromechanical delay 
time in ESRD patients

BP blood pressure, CI confident interval, NLR neutrophil-to-lymphocyte ratio

Parameters Standardized beta t value p value 95 % CI

Step 1

Age −0.112 −0.710 0.481 −0.362 to 0.173

Systolic BP −0.092 −0.620 0.538 −0.195 to 0.103

Dialysis vintage −0.062 −0.459 0.649 −0.074 to 0.047

Being diabetic 0.014 −0.100 0.921 −6.411 to 7.082

Ultrafiltration volume −0.042 −0.321 0.750 −0.005 to 0.004

Uric acid −0.042 −0.279 0.781 −2.665 to 2.014

Albumin −0.154 −0.967 0.338 −11.943 to 4.179

Potassium −0.154 −1.059 0.295 −6.281 to 1.946

NLR 0.394 2.644 0.011 0.616 to 4.511

Left atrium passive volume 0.019 0.131 0.896 −0.232 to 0.264

Left atrium active emptying volume 0.022 0.127 0.900 −0.329 to 0.373

r2 = 0.233
Adjusted r2 = 0.064
p = 0.21

Step 11

NLR 0.398 3.364 0.001 1.051 to 4.136

r2 = 0.159
Adjusted r2 = 0.145
p = 0.001
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variables. Age, dialysis vintage, systolic blood pressure, 
serum albumin, uric acid, potassium, ultrafiltration vol-
ume, neutrophil-to-lymphocyte ratio, LA passive emp-
tying volume, being diabetic and LA active emptying 
volume were entered into the regression model as inde-
pendent variables and left inter-atrial EMD time was 
entered as a dependent variable.

In multivariate regression analysis, only NLR was found 
to be independent predictor of left AEMD time in ESRD 
patients (Table 3).

Predictors of left atrium mechanical function in ESRD 
patients

Linear regression analyses were undertaken to determine 
independent associations among LA active emptying vol-
ume and other variables. Inter-atrial and left intra-atrial 
EMD time, systolic blood pressure, ultrafiltration volume, 
dialysis vintage, being diabetic, serum calcium, uric acid, 
albumin, age and NLR were entered into the regression 
model as independent variables, and LA active emptying 
volume was entered as a dependent variable.

In multivariate regression analysis, advanced age, 
serum albumin and NLR were found to be independent 
predictors of left atrium active emptying volume in this 
population (Table 4).

Discussion

There were seven main findings of the present study. First, 
AEMD times were significantly prolonged in HD and PD 
patients compared to healthy subjects. Second, left intra-
atrial EMD times were significantly longer in PD patients 
compared to HD patients. Third, LA mechanical functions 
including LAVmax, LAVp, LA active and passive emptying 
volumes were found to be higher in HD and PD patients 
compared to healthy subjects. Fourth, LA active and pas-
sive emptying volumes were found to be higher in PD 
patients compared to HD patients. Fifth, in the bivari-
ate correlation analysis, LA active emptying volume was 
positively correlated with inter-atrial and left intra-atrial 
EMD times, systolic and diastolic BP, serum calcium, low-
density lipoprotein levels, and neutrophil-to-lymphocyte 
ratio whereas negatively correlated with serum uric acid in 
ESRD patients. Sixth, we also found positive correlations 
between left intra-atrial EMD time and LA active emptying 
volume, LAVmax, LAVp and NLR and negative correlations 
with serum albumin and uric acid levels in this popula-
tion. Seventh, advanced age, decreased serum albumin (as 
a marker of malnutrition) and increased NLR (as a marker 
of inflammation) were found to be independent predictors 
of left atrium active emptying volume; however, only NLR 
in this was found to be an independent predictor of AEMD 

Table 4  Predictors of left 
atrium active emptying volume 
in ESRD patients

BP blood pressure, CI confident interval, EMD electromechanical delay, NLR neutrophil-to-lymphocyte 
ratio

Parameters Standardized beta t p value 95 % CI

Step 1

Age 0.221 1.772 0.082 −0.025 to 0.397

Systolic BP 0.177 1.496 0.141 −0.030 to 0.204

Dialysis vintage 0.122 0.974 0.335 −0.029 to 0.082

Ultrafiltration −0.055 −0.529 0.599 −0.004 to 0.003

Uric acid −0.127 −1079 0.286 −2.809 to 0.846

Albumin 0.273 2.281 0.027 0.814 to 12.830

Calcium 0.193 1.488 0.143 −0.717 to 4.820

NLR 0.326 2.753 0.008 0.570 to 3.645

Left intra-atrial EMD time −0.103 −0.523 0.603 −0.496 to 0.291

Inter-atrial EMD time 0.148 0.756 0.453 −0.182 to 0.401

r2 = 0.493
Adjusted r2 = 0.381
p < 0.0001

Step 8

NLR 0.328 3.154 0.003 0.773 to 3.461

Albumin 0.353 3.344 0.001 3.547 to 14.133

Age 0.283 2.649 0.010 0.058 to 0.418

r2 = 0.440
Adjusted r2 = 0.401
p < 0.0001
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time in this population. To our knowledge, this is the first 
study that compares the parameters regarding AEMD times 
and LA mechanical functions in healthy subjects and ESRD 
patients receiving hemodialysis and peritoneal dialysis.

Atrial electromechanical conduction time is a measure 
of atrial conduction characteristics which represent electri-
cal and functional continuity of atrial myocytes [14]. Atrial 
electromechanical delay (AEMD) times including inter-
atrial and left and right intra-atrial electromechanical delay 
times might be responsible for the initiation and continua-
tion of AF which is the most commonly seen arrhythmia in 
ESRD patients [14, 15]. Recently, Karavelioglu et al. [10] 
demonstrated that the atrial EMD times including inter-
atrial and left intra-atrial EMD times were significantly 
longer in HD compared to healthy individuals. In addition, 
Tekce et al. [16] investigated the effect of single dialysis 
on inter-atrial and left–right intra-atrial EMD times. They 
showed that AEMD times were longer in HD patients com-
pared to healthy individuals and were reduced after single 
dialysis session.

Our results were in accord with previous studies. In the 
present study, we found that AEMD were significantly pro-
longed in HD and PD patients compared to healthy indi-
viduals. We demonstrated positive correlations between 
left intra-atrial EMD time and LA active emptying vol-
ume, LAVmax, LAVp and NLR. We also determined that 
only NLR, as a marker of inflammation might predict left 
AEMD time in ESRD patients. The prolonged AEMD 
times in ESRD patients could possibly be secondary to ure-
mic cardiomyopathy, replacement of the interstitial matrix 
to fibrosis, chronic ongoing inflammation, malnutrition and 
enhanced apoptosis and autophagy of the cardiomyocytes. 
As a result of these pathological changes electromechani-
cal conduction might be slowed especially secondary to the 
increased density of contractile fibers [17].

Left atrium mechanical functions including LAVmax, 
LAVp, LA active and passive emptying volumes were found 
to be higher in HD and PD patients compared to healthy 
subjects which were the other findings of the present study. 
Since, patients with prolonged left intra-atrial EMD time 
have a large and poorly contractile LA with reduced and 
delayed left ventricular filling, one of the main reason of 
left intra-atrial EMD might be associated with impaired left 
atrium mechanical functions in ESRD patients. However, 
in the present study, we found that advanced age, decreased 
albumin levels (as a marker of malnutrition) and increased 
NLR (as a marker of inflammation) but not AEMD times 
predicted increased LA active emptying volume.

The attributable risk factors related to prolonged left 
intra-atrial EMD time might include malnutrition and 
increased chronic low-grade inflammation which are com-
monly seen in ESRD patients [18, 19]. In general popu-
lation, the most important clinical implications of left 

intra-atrial EMD include the increased risk of atrial fibrilla-
tion and more importantly the increased risk for cardiovas-
cular mortality including sudden cardiac death (SCD) [20]. 
The risk factors of SCD in ESRD comprise both traditional 
and novel risk factors including inflammation and malnu-
trition [21]. In this regard, Parekh et al. [22] demonstrated 
that decreased albumin as a measure of malnutrition, and 
elevated hsCRP and IL-6 levels as measures of chronic 
inflammation were associated with an increased risk of 
SCD independent of traditional cardiovascular risk factors.

Recently, serum uric acid (SUA) levels were found to be 
negatively associated with malnutrition [23]. In the present 
study, we also found that SUA and albumin levels as meas-
ures of malnutrition were negatively associated with left 
intra-atrial EMD time. Hence, it is wise to consider that the 
increased cardiovascular morbidity and mortality might be 
secondary to increased inflammation and malnutrition via 
atrial EMD delay time prolongation in ESRD patients.

Beside other factors, AEMD was found to be closely 
associated with atrial fibrosis [24, 25]. Thus, it is plausible 
to think that increased inflammation and malnutrition via 
increased atrial fibrosis might be the main risk factors for 
prolonged left intra-atrial EMD in ESRD patients. In addi-
tion, left intra-atrial EMD time was significantly longer in 
PD patients compared to HD patients. The main reasons of 
this finding might also be associated with increased inflam-
mation and malnutrition which were both present in our PD 
patients.

In contrast to a previous study [16] that showed an asso-
ciation between volume removal during hemodialysis and 
atrial electromechanical conduction intervals, we could 
not demonstrate any correlation between removed ultrafil-
tration volume and AEMD times in HD patients. Our HD 
and PD patients were relatively old and had longer dialysis 
vintage and some of them had diabetes and hypertension. 
However, HD patients that were enrolled in Tekce et al.’ s 
study were non-diabetic, non-hypertensive, younger and 
clinically well whose HD duration was relatively short 
when compared to our patients. Advanced age and diabe-
tes, hypertension and dialysis duration are well-known risk 
factors for impaired left atrial mechanical functions and 
AEMD times [26–28].

Our study had two main limitations. First, this was a 
cross-sectional analysis of ESRD patients receiving HD 
and PD focusing on AEMD times and left atrial mechani-
cal functions. Second, the sample size was relatively small. 
This was not a prospective controlled study, so we cannot 
draw cause-and-effect relationships from our findings.

In conclusion, according to results of our study both HD 
and PD patients had prolonged AEMD times and increased 
LA active and passive emptying volumes compared to 
healthy individuals. Besides traditional risk factors, novel 
risk factors including low-grade chronic inflammation and 
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malnutrition might be responsible for delayed atrial elec-
tromechanical time and LA mechanical dysfunction in this 
population. Further well-designed, randomized, and con-
trolled trials are needed to support our results.
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