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Abstract
Purpose  Cardiovascular complications have been reported to be the main cause of mortality in patients with end-stage renal 
disease (ESRD). Although left ventricular hypertrophy is the most common clinical presentation of cardiac remodeling, 
cardiovascular complications may also include disturbances of the heart conduction system. The R wave peak time (RWPT) 
has been previously associated with left ventricular hypertrophy and myocardial ischemia. In this study, we aimed to inves-
tigate the relationship between RWPT and echocardiographic parameters in patients with ESRD.
Methods  This study enrolled 66 patients (29 females, age 57.2 ± 12.8 years) with ESRD, and 72 controls (37 females, age 
55.3 ± 10.1 years) with similar risk factors. All patients underwent electrocardiography and transthoracic echocardiography. 
The RWPT was defined as the interval between the onset of the QRS complex and the peak of the R or R′ wave.
Results  There was no significant difference in terms of clinical and demographic parameters between ESRD patients and 
controls. Left ventricular ejection fraction was similar between the groups. However, left atrial diameter, interventricular 
septal thickness, posterior wall thickness, left ventricular mass (LVM) and left ventricular mass index (LVMI) were sig-
nificantly higher in patients with ESRD. Among electrocardiographic parameters, P wave and QRS complex durations and 
RWPT were significantly higher in patients with ESRD. Prolonged RWPT, increased LVM and LVMI were identified as 
associates of ESRD. Furthermore, RWPT correlated well with LVM and LVMI.
Conclusion  The present study demonstrated that RWPT prolonged significantly in patients with ESRD. Furthermore, pro-
longed RWPT has been associated with increased LVM and LVMI.
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Introduction

Patients with end-stage renal disease (ESRD) often experi-
ence cardiovascular complications which are the main cause 
of mortality in these patients [1]. The pathogenesis of car-
diovascular complications in ESRD patients is complex and 
multifactorial including vascular changes, degeneration of 
cardiomyocytes, left ventricular hypertrophy and arrhythmia 

as well as traditional risk factors such as hypertension, dys-
lipidemia and diabetes mellitus [2–4]. The most common 
clinical presentation of cardiac impairments in the course of 
ESRD is probably the left ventricular hypertrophy [5]. How-
ever, it should be noted that cardiovascular complications 
in patients with ESRD may also include disturbances of the 
heart conduction system. Electrolyte disturbances including 
hypocalcemia can lead to disturbed transmission of electrical 
impulses in cardiomyocytes [6]. These conduction problems 
in the uremic heart may lead to delayed ventricular depo-
larization and subsequently prolonged ventricular activation 
time on surface electrocardiography (ECG).

The R wave peak time (RWPT), also known as ventricular 
activation time, represents the time for the conduction of the 
electrical activity from the endocardium to the epicardium in 
the ventricles [7]. RWPT has been reported to be prolonged 
in the presence of ventricular hypertrophy or dilatation as 
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well as the disorders in the conduction system [8]. RWPT is 
also prolonged in myocardial ischemia due to the conduction 
delay in the Purkinje fibers and the myocytes [9]. In previ-
ous studies, RWPT was associated with an increased risk of 
impaired left ventricular systolic function and adverse events 
in patients with ischemic heart diseases [10, 11]. Left ven-
tricular hypertrophy, myocardial ischemia, and conduction 
system disturbances have been reported to be common car-
diovascular complications in patients with ESRD [12, 13]. 
Thus, prolonged RWPT may be an obvious sign of cardiac 
remodeling in patients with ESRD and, to our knowledge, 
no previous study has examined RWPT in these patients.

In this study, we hypothesized that RWPT may be pro-
longed in patients with ESRD and this prolongation may 
be related to echocardiographic indices of left ventricular 
hypertrophy. Thus, we aimed to investigate the relation-
ship between RWPT and echocardiographic parameters in 
patients with ESRD.

Methods

Study population

This single-center study enrolled 66 patients (29 females, 
mean age 57.2 ± 12.8 years) with ESRD (glomerular filtra-
tion rate < 15 ml/min/1.73 m2), along with 72 age- and sex-
matched controls (37 females, mean age 55.3 ± 10.1 years). 
Patients with coronary artery disease, myocardial infarc-
tion, left ventricular dysfunction (left ventricular ejection 
fraction < 50%), moderate to severe heart valve disease, 
cardiomyopathy, arrhythmia, high degree atrioventricular 
block, complete bundle branch block, active infection, con-
nective tissue disease, and liver or thyroid dysfunction were 
excluded from the study. All patients underwent transtho-
racic echocardiography (TTE) and 12-lead high-resolution 
surface ECG. All demographic, electrocardiographic and 
echocardiographic parameters were recorded into a data-
set and compared between ESRD patients and controls. All 
patients provided a written informed consent and the study 
protocol was approved by the local ethics committee of the 
hospital in accordance with the Declaration of Helsinki and 
Good Clinical Practice guidelines.

Echocardiography

All patients underwent TTE performed by the same cardiol-
ogist using Vivid 5 echocardiography device (GE Vingmed 
Ultrasound AS, Horten, Norway), and 3.2 mHz adult probe 
with the patient in the left lateral decubitus position. In all 
patients, left atrial diameter (LAD), interventricular septal 
thickness (IVST), posterior wall thickness (PWT), left ven-
tricular end-systolic (LVESD) and end-diastolic diameters 

(LVEDD) were measured on the parasternal long-axis view. 
Left ventricular ejection fractions (LVEF) of the patients 
were calculated by using biplane Simpson’s method. Left 
ventricular mass (LVM) was calculated based on Devereux 
formula [LVM = 0.8 (1.04 (IVST + LVEDD + PWT)3 − (LV
EDD)3) + 0.6], and body surface area was estimated using 
Mosteller formula [body surface area = (height (cm) × body 
weight (kg)/3600)1/2]. Left ventricular mass was divided by 
body surface area to estimate left ventricular mass index 
(LVMI).

Electrocardiographic analysis

A 12-lead high-resolution electrocardiography (ECG), 
which was recorded at a speed of 25 mm/s and a voltage of 
10 mm/mV, was obtained from all patients after a 10-min 
rest (Nihon Kohden Cardiofax ECG-9132). Patients were 
allowed to breathe freely but not to speak or cough dur-
ing recordings. All ECG papers were scanned, loaded to a 
computer, magnified sufficiently and analyzed with a digi-
tal image processing software (http://www.image​j.nih.gov). 
Measurements were calibrated on the underlying standard 
ECG graph paper. All measurements were calculated by two 
independent cardiologists blinded to other patients’ clinical 
information. The onset and the end of the P waves were 
marked with the cursor on a high-resolution computer screen 
in order to calculate P wave duration in all leads. The begin-
ning of the P wave was defined as the point where the initial 
deflection of the P wave crossed the isoelectric line, and 
the end of the P wave was defined as the point where the 
final deflection of the P wave crossed the isoelectric line. 
The PR interval was defined as the period that extends from 
the beginning of the P wave until the beginning of the QRS 
complex. The QRS duration was defined as the interval from 
the start of the QRS complex until J point; and RWPT was 
defined as the interval from the onset of the QRS complex 
until the peak of the R or R′ wave (Fig. 1). QT interval was 
defined as the interval from the onset of the QRS complex 
to the end of the T wave. The R–R interval was measured 
and used to compute the heart rate and to correct QT interval 
(QTc) with the Bazett’s Formula. (QTc = QT/√R–R interval 
in seconds). All durations were calculated in milliseconds 
and the mean values were calculated from 12 leads.

Statistical analysis

Statistical analyses were performed using IBM SPSS Sta-
tistics for Windows, Version 19.0. (IBM Corp. Armonk, 
NY). Descriptive statistics are reported as mean ± standard 
deviation for continuous variables with normal distribution 
or median (25th–75th percentiles) values for continuous 
variables without normal distribution and as frequency with 
percentages for the categorical variables. The Shapiro–Wilk 
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and Kolmogorov–Smirnov tests are used to test the normal-
ity of the distribution of continuous variables. Categorical 
variables are compared with Chi square or Fisher exact tests. 
Student t test or Mann–Whitney U test is used to compare 
continuous variables as appropriate. The significance level 
is accepted as p < 0.05 in all statistical analyses. A logis-
tic regression analysis is performed in order to identify any 
independent echocardiographic and electrocardiographic 
associates of ESRD. A receiver operating characteristic 
(ROC) curve analysis is performed to evaluate the sensi-
tivity, specificity, area under the curve (AUC), and confi-
dence interval (CI) of parameters associated with ESRD. 
Bland–Altman analysis (MedCalc software for Windows) 
is used to compare ROC curve analysis results for RWPT, 
LVM, and LVMI.

Results

The clinical and demographical characteristics of patients 
with ESRD and controls are presented in Table 1. Age and 
gender distribution were similar between patients and con-
trols. There was also no significant difference between the 
groups in terms of body mass index, systolic and diastolic 
blood pressures, the frequencies of diabetes mellitus, hyper-
tension, dyslipidemia and smoking status.

The echocardiographic parameters including LVEF, 
LVESD, and LVEDD were found to be similar between 
the groups. However, LAD, IVST, PWT, LVM, and LVMI 
(Fig. 2a) were significantly higher in the ESRD group as 
compared to controls (Table 1).

A comparison of electrocardiographic parameters yielded 
that there was no significant difference in terms of heart rate, 

PR interval, QT interval and calculated QTc between the 
groups. However, P wave duration, QRS duration and RWPT 
(Fig. 2b) were significantly higher in patients with ESRD as 
compared to controls (Table 1).

The univariate correlates of ESRD were taken into multi-
ple logistic regression analysis. Prolonged RWPT, increased 
LVM and LVMI were identified as associates of ESRD 
(Table 2).

In the ROC curve analysis, RWPT longer than 29.9 ms 
associated with the presence of ESRD with a sensitiv-
ity of 74% and a specificity of 66% (AUC 0.808; 95% CI 
0.737–0.878; p < 0.001), LVM higher than 170 g associ-
ated with the presence of ESRD with a sensitivity of 77% 
and a specificity of 73% (AUC 0.753; 95% CI 0.670–0.836; 
p < 0.001) and LVMI higher than 94.8 g/m2 associated with 
the presence of ESRD with a sensitivity of 78% and a speci-
ficity of 74% (AUC 0.799; 95% CI: 0.723–0.875; p < 0.001) 
(Fig.  3). When compared with Bland–Altman analysis, 
there was no significant difference between the AUCs of 
ROC curves for RWPT and LVM (z = 1.452; p = 0.146), also 
between RWPT and LVMI (z = 0.231; p = 0.817) (Fig. 4a, b, 
respectively).

Correlation analyses were performed between electrocar-
diographic and echocardiographic parameters. There was a 
significant and moderate positive correlation between RWPT 
and LVM (r = 0.684, p < 0.001) (Fig. 5a) and also a signifi-
cant and moderate positive correlation between RWPT and 
LVMI (r = 0.681, p < 0.001) (Fig. 5b).

Discussion

In this case–control study, we have focused on the relation-
ship between electrocardiographic and echocardiographic 
parameters in patients with ESRD. Echocardiographic 
parameters related to left ventricular hypertrophy and left 
atrial dilatation have been found to be significantly increased 
in the ESRD group. Among electrocardiographic parame-
ters, P wave and QRS complex durations along with RWPT 
were significantly higher in patients with ESRD. Prolonged 
RWPT was associated with increased LVM and LVMI in 
patients with ESRD. The novel finding of this study was that 
prolonged RWPT may be an obvious sign of cardiac remod-
eling in patients with ESRD and, to our knowledge, this was 
the first study that examined this association.

Chronic kidney disease is strongly associated with an 
increased incidence of cardiovascular diseases, and patients 
with ESRD are 10–20 times more likely to die from car-
diovascular events than the general population [14]. It was 
reported previously that 87% of adult patients have cardio-
vascular diseases diagnosed at the time of ESRD onset, and 
approximately 50% of deaths are attributed to cardiovascular 
events [15]. In addition to the traditional risk factors such 

Fig. 1   The measurement of R wave peak time on electrocardiography
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Table 1   The comparison 
of demographic, 
echocardiographic and 
electrocardiographic parameters 
between patient and control 
groups

ESRD end stage renal disease, IVST ınterventricular septal thickness, LAD left atrial diameter, LVEF left 
ventricular ejection fraction, LVESD left ventricular end systolic diameter, LVEDD left ventricular end 
diastolic diameter, LVM left ventricular mass, LVMI left ventricular mass index, PWT posterior wall thick-
ness

Variables ESRD group (n = 66) Control group (n = 72) p value

Demographic parameters
 Age (years) 57.2 ± 12.8 55.3 ± 10.1 0.231
 Gender, female, n (%) 29 (43.9) 37 (51.4) 0.382
 Body mass index (kg/m2) 27.9 ± 4.7 28.6 ± 3.6 0.388
 Hypertension, n (%) 33 (45.8) 39 (59.1) 0.119
 Diabetes mellitus, n (%) 23 (34.8) 19 (26.4) 0.281
 Dyslipidemia, n (%) 11 (15.3) 12 (18.2) 0.647
 Smoking status, n (%) 20 (27.8) 13 (20) 0.288
 Systolic blood pressure (mmHg) 129.9 ± 16.1 127.3 ± 11.5 0.287
 Diastolic blood pressure (mmHg) 81.4 ± 12.3 79.2 ± 9.1 0.251

Echocardiographic parameters
 LV EF (%) 60.6 ± 5.8 61.9 ± 6.2 0.196
 LAD (mm) 35.8 ± 4.3 32.6 ± 3.4 < 0.001
 LVEDD (mm) 44.8 ± 7.9 43.5 ± 5.8 0.263
 LVESD (mm) 31.1 ± 6.2 29.8 ± 6.1 0.228
 IVST (mm) 12.1 ± 2.2 10.4 ± 1.8 < 0.001
 PWT (mm) 11.8 ± 2.1 10.2 ± 1.8 < 0.001
 LVM (g) 197.1 ± 75.5 158.9 ± 59.3 < 0.001
 LVMI (g/m2) 116.2 ± 37.9 85.5 ± 28.1 < 0.001

Electrocardiographic parameters
 Heart rate (beats/min) 79.2 ± 14.4 76.6 ± 12.1 0.246
 P wave duration (ms) 107.8 ± 12.8 102.8 ± 13.8 0.029
 PR interval (ms) 174.9 ± 46.7 169.2 ± 38.1 0.425
 QRS duration (ms) 99.7 ± 16.4 92.8 ± 9.7 0.003
 QT interval (ms) 371.2 ± 43.7 369.9 ± 37.3 0.864
 Corrected QT interval (ms) 422.6 ± 44.1 415.2 ± 37.4 0.285
 R wave peak time (ms) 33.8 ± 5.3 27.3 ± 4.9 < 0.001

Fig. 2   The box-plot graph comparing the left ventricular mass index (a) and R wave peak time (b) values between patients with end-stage renal 
disease (ESRD) and controls
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Table 2   The results for 
multivariate logistic regression 
analyses of univariate correlates 
of end stage renal disease

CI confidence Interval, OR odds ratio

Univariate analysis Multivariate analysis

OR 95% CI p value OR 95% CI p value

QRS duration 1.044 1.013–1.075 0.005 1.031 0.990–1.074 0.145
R wave peak time 1.284 1.171–1.408 < 0.001 1.219 1.074–1.384 0.002
P wave duration 1.029 1.002–1.057 0.033 1.029 0.996–1.063 0.088
Left atrial diameter 1.235 1.119–1.363 < 0.001 1.079 0.943–1.234 0.268
Interventricular septal thickness 1.479 1.225–1.786 < 0.001 1.110 0.494–2.495 0.801
Posterior wall thickness 1.523 1.251–1.853 < 0.001 0.791 0.324–1.930 0.606
Left ventricular mass 1.015 1.009–1.021 < 0.001 1.098 1.037–1.143 0.006
Left ventricular mass ındex 1.037 1.023–1.050 < 0.001 1.165 1.042–1.387 0.001

Fig. 3   Receiver operating characteristic curve revealing the area under the curves for R wave peak time (a), left ventricular mass (b) and left 
ventricular mass index (c) to be associated with the presence of end-stage renal disease (AUC​ area under curve, CI confidence interval)

Fig. 4   Comparison of receiver operating characteristic curves of R wave peak time with that of left ventricular mass (a) and left ventricular mass 
index (b) to be associated with the presence of end-stage renal disease
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as hypertension, dyslipidemia and diabetes mellitus, non-
traditional risk factors such as anemia [16], overhydration 
[17], endothelial dysfunction [18], hypocalcemia [19] and 
hyperparathyroidism [20] related mechanisms have been 
implicated.

Left ventricular hypertrophy is a common pathology in 
ESRD patients. Cardiac hypertrophy is a response of the 
myocardium to an increased workload. Initial cardiac hyper-
trophy constitutes an adaptive mechanism, but prolonged 
and severe hypertrophy is a risk factor for arrhythmias, sud-
den death and heart failure [21]. Increased accumulation of 
collagen due to left ventricular hypertrophy may result in 
myocardial fibrosis and decreased cardiac reserve. Thus, car-
diac conduction disorders may occur [22]. ESRD patients 
with left ventricular hypertrophy have an increased risk of 
cardiovascular events and, specifically, an increased risk of 
sudden cardiac death [23–25]. There is also evidence that 
concentric remodeling of the left ventricle may increase car-
diovascular risk [26]. Thus, the abnormal left ventricular 
structure has been suggested as a therapeutic target [27]. In 
the present study, ESRD patients had a significantly higher 
prevalence of left ventricular hypertrophy as compared to 
controls with similar cardiovascular risk factors.

Pathophysiologic factors involved in left ventricu-
lar hypertrophy in ESRD patients are generally related to 
increased preload and afterload [28]. Among the preload-
related factors, the role of intravascular volume expansion 
has to be underlined, as well as secondary anemia and 
the presence of arteriovenous fistulas resulting in asym-
metric left ventricular remodeling [29, 30]. Among the 

afterload-related factors, increased systemic arterial resist-
ance, elevated arterial blood pressure, and reduced large-
vessel compliance related with vascular calcifications result 
in myocardial cell thickening and concentric left ventricular 
remodeling often together with activation of the renin–angi-
otensin–aldosterone system [31–33]. The pathophysiologic 
factors involved in left ventricular hypertrophy and cardiac 
remodeling in ESRD patients are summarised in Fig. 6.

ECG is a simple, non-invasive and readily available tool 
in daily routine practice. A variety of ECG markers includ-
ing ST-segment and T wave abnormalities have been utilized 
to assess myocardial ischemia. In addition, QRS duration 
has been considered an important prognostic marker, and 
the significance of QRS duration is well known in patients 
with heart failure or myocardial infarction [34, 35]. In recent 
studies, prolongation of QRS duration has been reported to 
be correlated with interventricular conduction delay because 
of myocardial ischemia [36, 37]. The QRS duration is also 
increased in patients with left ventricular hypertrophy. The 
increased QRS duration may be attributed to the increased 
thickness of the left ventricular wall and to myocardial fibro-
sis, which distorts and prolongs the transmural conduction 
of electrical activity.

In previous studies, P wave parameters have been inves-
tigated in several cardiac conditions such as hypertension, 
paroxysmal atrial fibrillation, mitral stenosis, aortic stenosis 
and dilated cardiomyopathy [38–41]. In our study, P wave 
duration was significantly higher in the ESRD group which 
also could be explained by mechanisms related to left atrial 
and ventricular mechanics. Left ventricular hypertrophy 

Fig. 5   The scutter dot graphs revealing the moderate positive correlation between R wave peak time and left ventricular mass (a), and also 
between R wave peak time and left ventricular mass index (b)
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may cause a decrease in left ventricular compliance with 
increased left ventricular end-diastolic pressure and left 
atrial pressure and thus, may increase the duration of the P 
wave in patients with ESRD [42].

RWPT is described as the duration from the onset of the 
QRS complex to the peak of the R wave. In addition to QRS 
duration, RWPT has also been reported to be prolonged in 
left ventricular hypertrophy, volume overload, conduction 
abnormalities, and coronary artery disease causing ischemia. 
In a previous study, Rencüzoğulları et al. demonstrated that 
the presence of prolonged QRS duration and RWPT were 
associated with the severity of coronary artery disease in 
patients with acute coronary syndrome [10]. In a different 
study, they also reported a significant association between 
no-reflow phenomenon and RWPT in patients with ST-seg-
ment elevation myocardial infarction treated with primary 
percutaneous coronary intervention [11]. In the present 
study, RWPT was significantly higher in the ESRD group 
as compared to controls. This prolongation may be attrib-
uted to increased muscle thickness between the endocar-
dium to the epicardium in the ventricles. Since RWPT has 
been reported to be associated with increased cardiovascular 
events, increased RWPT in ESRD patients may also be a 
marker of increased cardiovascular risk. In this study, pro-
longed RWPT has been also associated with increased LVM 
and LVMI which are objective measures of left ventricular 
hypertrophy and cardiac remodeling. Since left ventricular 
hypertrophy has been associated with increased morbidity 
and mortality in these patients, measurement of RWPT on 
surface ECG may be an additional and easy diagnostic tool 
for risk stratification of patients with ESRD. Those with an 
increased RWPT may be particularly at risk for cardiovas-
cular complications.

Secondary hyperparathyroidism is an inevitable component 
of ESRD and serves as a significant causative factor for the 
changes in the heart structure and the problems in transmitting 

electrical impulses within the heart [6]. Serum calcium–phos-
phate imbalance in patients with ESRD may affect the metabo-
lism of individual tissues and cells. Considerable intracellular 
calcium ion accumulation in various organs may lead to dif-
ferent clinical dysfunctions in the course of ESRD. Previously, 
Mitsnefes et al. suggested that increased serum phosphate con-
centrations could cause pathological alterations in the cardio-
vascular system [43]. Besides, it is commonly accepted that 
hypocalcemia can lead to defective muscle contractions and 
disturbed transmission of electrical impulses in cardiomyo-
cytes [44]. The reason for this conduction failure is probably 
related to the fact that calcium depletion compromises the 
membrane calcium channel activity and the inward flow of 
calcium ions to cardiomyocytes, which is necessary for action 
potential and proper depolarization progress in the heart [45]. 
Although it is well-known that hypocalcemia only increases 
the QTc interval and does not affect the QRS complex, the 
above-mentioned calcium–phosphate metabolism disorders 
may be associated with the intraventricular conduction distur-
bances identified in patients with ESRD.

Study limitations

The primary limitation was that our study was a nonrand-
omized and single-center study with a relatively small num-
ber of patients. Unfortunately, the design of this case–control 
study was not prospective and, therefore, lacks data regard-
ing the potential prognostic effect of RWPT in patients with 
ESRD.

Conclusion

The present study demonstrated that RWPT prolonged sig-
nificantly in patients with ESRD. Furthermore, prolonged 
RWPT has been associated with increased LVM and LVMI. 

Fig. 6   The pathophysiologic factors involved in left ventricular hypertrophy and cardiac remodeling in patients with end-stage renal disease are 
summarised
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Thus, prolonged RWPT may be an obvious sign of cardiac 
remodeling in patients with ESRD. This prolongation may 
be due to increased muscle thickness between the endocar-
dium to the epicardium in the ventricles. Since left ven-
tricular hypertrophy has been associated with increased 
morbidity and mortality, measurement of RWPT on sur-
face ECG may be an additional and easy diagnostic tool 
for risk stratification of patients with ESRD. Those with an 
increased RWPT may be particularly at risk for cardiovas-
cular complications.
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