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ABSTRACT
Objective: The risks of sudden death and cardiac arrhythmia are increased in patients with
chronic kidney disease (CKD). Here, we aimed to evaluate the indicators of arrhythmias, such as
p-wave dispersion (P-WD), QTc dispersion, Tp-e and Tp-e/QT ratio in patients with CKD stages
3–5 on no renal replacement therapy (RRT).
Material and methods: One-hundred and thirty three patients with CKD stages 3–5 and 32
healthy controls were enrolled into the study. No patients received RRT. QTc dispersion, P-WD
and Tp-e interval were measured using electrocardiogram and Tp-e/QT ratio was also calculated.
Results: Mean age rates were found similar in patients and controls (60.8±14.2 and 61±12.9 y,
p¼ .937, respectively). Compared patients with controls, P-WD (45.85±12.42 vs. 21.17±6.6msec,
p< .001), QTc-min (366.99±42.31 vs. 387.15±20.5msec, p< .001), QTc dispersion (71.13 ±27.95
vs. 41.25±14.55msec, p< .001), Tp-e maximum (81.04±10.34 vs. 75.49±10.9msec, p< .001), Tp-
e minimum (62.25 ±7.58 vs. 54.8 ± 6.72msec, p< .001) and Tp-e/QTc ratio (0.19 ±0.02 vs.
0.18± 0.01, p¼ .001) were found to be different. QTc-max and Tp-e interval were found to be
similar in both groups.
Conclusion: P-WD and QTc dispersion, Tp-e interval and Tp-e/QTc ratio were found to be
increased in with CKD stages 3–5 on no RRT.
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Introduction

Chronic kidney disease (CKD) is among important
health problems across the world, and it is known that
cardiovascular disease (CVD) is a major cause of morbid-
ity and mortality in patients with CKD [1,2]. Left ven-
tricular hypertrophy, myocardial fibrosis, coronary artery
disease, changes seen in the concentrations of serum
electrolytes such as calcium and potassium and
increased frequency of such disorders as diabetes melli-
tus (DM), hypertension and hyperlipidemia may be con-
tributing factors to the increase in CVD in these patients
[3,4]. Many different noninvasive electrocardiograhy
(ECG)-based methods have been recommended to
detect the risk of arrhytmia in patients with CKD and
general population. As one of these methods, P-wave
dispersion (P-WD) has come to the fore in the predic-
tion of atrial fibrillation (AF) [5,6] and cardiovascular
mortality [7] in patients with CKD. P-WD is defined as

the difference between the maximum (Pmax) and min-
imum (Pmin) durations of P-wave and can be measured
easily with ECG. In addition, it has been reported that P-
WD increased in patients with CKD exposed to renal
replacement therapy (RRT), compared to the controls
[8] and that the increase continued after hemodialysis,
compared to predialysis values [9–11]. Intracardiac calci-
fication including the atria is known as a common find-
ing in patients with CKD and may lead to impaired
cardiac function [12,13]. Hypertensive cardiomyopathy,
an important effect on left atrial structure and function,
is mostly seen in hemodialysis patients [13]. Structural
cardiac changes, which are distinctive for patients with
chronical renal disease, might have an effect on P-wave
indices.

Also, P-WD has been reported to be associated with
the decrement of renal functions [14]. On the other
hand, there are studies with controversial findings,
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reporting that hemodialysis has no effect on P-WD [15]
or on-line hemodiafiltration has various benefical effects
on P-WD [16]. Likewise, another important predictor of
life-threatening ventricular arrhythmias [17], the disper-
sion of QT interval is a marker of alterations in ventricular
repolarization and described as the difference between
the maximum (QTmax) and minimum QT (QTmin) intervals
on ECG. It is reported that the durations of QT and cor-
rected QT (QTc) dispersion increase in hemodialysis and
peritoneal dialysis patients [18–20] and hemodialysis has
negative effects on QTc dispersion [18,19].

Tp-e interval, an another arrhythmogenesis predictor,
is measured as the distance from the peak of the
T-wave to the end point and Tp-e/QT ratios are
reported to be associated with increased ventriculary
arrhythmogenesis [21–23]. In addition to the high
prevalence of coronary artery atheroma [24], diabetic
dialysis patients were shown to have a reduced coron-
ary flow reserve (CFR) in the absence of coronary vessel
stenoses in predialysis patients [25]. CFR determines the
ability to increase blood flow to the myocardium during
increased demand and there is preliminary evidence
that the same reduction of CFR is also seen in dialysis
patients without diabetes [26]. Hemodialysis patients
characteristically also exhibit left ventricular (LV) hyper-
trophy, reduced peripheral arterial compliance,
impaired microcirculation [27] and ineffective vasoregu-
lation (in response to hemodialysis with ultrafiltration).
All of these factors also predispose to demand ischemia.
Apart from conventional risk factors of sudden cardiac
death studied in the general population, patients with
chronical renal disease have distinct underlying pathol-
ogies predisposing them to these events and possibly
have different relative impacts. Among these are myo-
cardial hypertrophy, left ventricular diastolic dysfunc-
tion, myocardial fibrosis, microvessel disease, dialysis-
induced myocardial injury and stunning, disorders of
mineral metabolism and secondary hyperparathyroid-
ism. Additionally, the dialysis procedure itself, mainly
via rapid electrolyte shifts, may increase the arrhythmic
risk, not only during the session but also in the long run
[28,29].

Tp-e interval and the ratio of Tp-e/QT still remain
unclear entities in CKD patients without RRT. In this
study, we aimed to evaluate P-WD, QTc dispersion, Tp-e
and Tp-e/QT ratio in patients with CKD at stages 3–5
not on RRT in order to assess atrial and ventriculary
repolarisation.

Material and methods

This prospective study was conducted in the division
of nephrology in Konya Health Application and

Research Center, University of Health Sciences
between September 2014 and March 2015. Informed
consent was obtained from all participants. The study
protocol was approved by the ethics committee of
Meram Medical Faculty of Necmettin Erbakan
University.

One hundred and thirty-three patients with CKD (79
men) and 32 healthy controls (20 men) were enrolled
into the study. Prior to and during the study period, no
patients with CKD underwent RRT. Those taking antiar-
rythmic, antiparasitic drugs or antibiotics that may
affect cardiac repolarization, having left or right bundle-
branch block on ECG, left ventricular ejection fraction
ratio of lower than 60% or those with any known active
infection, benign or malignant hematologic disorders,
any solid tissue cancers or exposed to any surgical inter-
vention within the past six months were excluded from
the study.

Blood samples were drawn after an overnight fasting
to measure blood urea, creatinine, sodium, potassium,
uric acid, magnesium and albumine, centrifuged and
stored in deep freeze at �70 �C until being analyzed.
Complete blood count was measured by Sysmex XE-
2100 (Sysmex Corp, Kobe, Japan) with flourescence flow
cytometry or electrical impedance method. Blood urea,
creatinine, sodium, potassium, uric acid, magnesium
and albumin levels were measured with spectroschopic
method by Abbot C16000 autoanalyser (Abbot
Laboratories, Abbot Park, IL). Estimated glomerular fil-
tration rate (eGFR) levels (mL/min/1.73 m2) were calcu-
lated using the formula of Modification of Diet and
Renal Disease [30].

Twelve-lead ECGs (Nihon Kohden Corporation,
model ECG-1350 K, Tokyo, Japan) at the speed of
25mm/s were obtained from all patients, while resting
in the supine position. Heart rates were calculated by
averaging three consecutive RR intervals on DII deriv-
ation. All measurements on ECG were made manually
with calipers by two observers (KK and LA). The rates
of Pmax and Pmin durations were measured and P-WD
was calculated through the difference between Pmax

and Pmin durations [5]. The QT intervals were calculated
for each derivation by measuring from the beginning
of the QRS complex to the end of the T wave off-set,
as defined by the return of the terminal T wave to iso-
electric TP baseline and QTc was corrected for heart
rate using the Bazzett's formula [31]. The QTc disper-
sion was calculated via the difference between max-
imum (QTc-max) and minimum (QTc-min) QTc
intervals. The Tp-e interval was measured as the aver-
ages of all leads from the peak of T wave to the end
[32]. The Tp-e/QT ratio was also calculated by dividing
Tp-e by QT.
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Statistical analyses

The statistical analyses of the data were carried out with
SPSS v15 statistical software package. The normality of
the data was analyzed with the Shapiro-Wilk test. The
descriptive statistics for variables with normal distribu-
tion of continuous data [mean± standard deviation
(SD)] and with no normally distributed variables
[median (minimum:maximum)] were indicated. The
independent-samples t test for normally distributed
continuous data and the Mann-Whitney U test for non-
normally distributed continuous data were used in the
comparison of two independent groups. The chi-
squared test was used to assess the differences
between categorical variables. Each variable that
showed a correlation with a p� .1 was entered into a
binary logistic regression model as a potential predictor.
This approach led to a formulas expressing the labora-
tory and demografic parameters that were predictive of
differences between patients and controls groups.
Parameters that were shown to be predictors in a for-
mulas were used to construct the formulas of binary
logistic regression analysis. The relationship between
the parameters was determined using the Pearson’s
and Spearman coefficient of correlation. The multivari-
ate linear regression analysis was used to identify the
independent predictors of prolonged Tp-e interval,
increased Tp-e/QT ratio, increased P-WD and independ-
ent variables differing significantly in the bivariate anal-
yses (p< .1). p value< .05 was considered to be
significant. Statistically significant values are indicated
in bold in the Tables 1–3.

Results

A total of 165 participants, 133 patients with CKD (79
men) and 32 healthy controls (20 men), constituted our
study population. Prior to and during the study period,

no patients with CKD underwent RRT. The mean ages of
cases were similar in the patients and controls.
Summarized in Table 1, the following parameters such
as hemoglobin (p¼ .022), serum creatinine (p< .001),
potassium (p< .001) and uric acid (p< .001) were found
to be higher in the patient group, compared to the
controls.

Leading to CKD, the following underlying etiological
factors were detected: hypertensive nephropathy in 54
patients (32.7%), diabetic nephropaty in 45 (27.3%),
chronic glomerulonephritis in 11 (6.7%), obstructive
uropathy in 10 (6.1%), policystic kidney disease in seven
(4.2%), chronic tubulointerstitial nephritis and amiloido-
sis in two patients (1.2%) and another two (1.2%) and
unknown etiology in two (1.2%) patients, respectively.

The ECG analyses revealed that 126 (94.7%) patients
had normal sinus rythm, four (3%) patients had atrial

Table 1. Demographic characteristics of study population.
Patients
(n¼ 133)

Controls
(n¼ 32) p valuea

Age (y) 60.8 ± 14.2 61.0 ± 12.9 .937
Gender (M/F) 79/54 20/12 .842
Diabetes Mellitus (n, %) 52 (39.1%) None
Hypertension (n, %) 92 (69.2%) None
Coronary artery disease (n, %) 17 (12.8%) None
eGFR (ml/min) 25.04 ± 12.1 84.28 ± 15.7 <.001
Creatinine (mg/dL) 2.93 ± 1.36 0.88 ± 0.14 <.001
Sodium (mEq/L) 137.63 ± 3.2 136.37 ± 3.23 .054
Potassium (mEq/L) 4.99 ± 0.67 4.23 ± 0.34 <.001
Calcium (mg/dL) 8.77 ± 0.75 9 ± 0.62 .076
Phosphorus (mg/dl) 3.83 ± 0.9 3.28 ± 0.6 <.001
Albumin (g/dL) 3.9 ± 0.42 3.92 ± 0.47 .805
Uric acid (mg/dL) 7.16 ± 1.63 5.17 ± 1.33 <.001
Hemoglobline (g/dl) 12.37 ± 2.03 13.32 ± 2.05 .022
aSignificant results are given in bold.
eGRF: estimated glomerular filtration rate.

Table 2. Electrocardiography parameters of study population.
Patients (n¼ 133) Controls (n¼ 32) p valuea

Pmax (msec) 106.88 ± 14.08 94.28 ± 7.20 <.001
Pmin (msec) 61.02 ± 11.15 67.10 ± 4.35 .003
P-WD (msec) 45.85 ± 12.42 27.17 ± 6.6 <.001
QTc-max (msec) 438.12 ± 49.06 428.40 ± 23.4 .104
QTc-min (msec) 366.99 ± 42.31 387.15 ± 20.5 <.001
QTc (msec) 411.1 ± 26.2 415.8 ± 23.0 .319
QTc disp (msec) 71.13 ± 27.95 41.25 ± 14.55 <.001
Tp-e max (msec) 81.04 ± 10.34 75.49 ± 10.9 .012
Tp-e min (msec) 62.25 ± 7.58 54.8 ± 6.72 <.001
Tp-e interval (msec) 71.7 ± 8.4 66.5 ± 7.4 .001
Tp-e disp (msec) 18.79 ± 7.56 20.69 ± 9.87 .314
Tp-e/QT ratio 0.19 ± 0.02 0.18 ± 0.01 .001

Pmax: maximum p wave duration; Pmin: minimum p-wave duration; P-WD:
p-wave dispersion; QTc-max: maximum corrected QT duration; QTc-min:
minimum corrected QT duration; QTc disp: QTc dispersion; Tp-e max: max-
imum Tp-e duration; Tp-e min: minimum Tp-e duration.
aSignificant results are given in bold.

Table 3. Bivariate correlation and multivariate linear regres-
sion analyses between increased Tp-e/QT ratio (average of all
leads) and study parameters.

Bivariate
correlation

Multivariate
linear regression

Parameters r p value b p valuea

Uric acid (mg/dL) �0.164 .060 �0.156 .712
Calcium (mg/dL) 0.224�� .009 0.894 .414
Phosphorus (mg/dl) �0.229�� .008 0.139 .875
Potassium (mEq/L) �0.263�� .002 �2.711 .013
Hemoglobline (g/dl) 0.320�� <.001 0.116 .817
i-PTH �0.335�� <.001 �0.015 .002
eGFR (ml/min) 0.290�� .001 0.029 .704
Age (years) �0.110 .210 – –
Male �0.056 .520 – –
Diabetes Mellitus 0.028 .751 – –
Hypertension 0.058 .508 – –
Coronary artery disease 0.088 .315 – –
Albumin (g/dL) 0.109 .210 – –
Sodium (mEq/L) 0.046 .597 – –
Magnesium (mg/dL) �0.112 .217 – –
CRP (mg/dl) �0.012 .893 – –
Ferrite (mg/dl) �0.075 .390 – –

CRP: C-reactive protein; eFGR: estimated glomerular filtration rate; i-PTH:
intact parathyroid test
aSignificant results are given in bold.
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extrasystole and three (2.3%) had ventricular
extrasystole.

The results of ECG parameters are summarized in
Table 2. Pmax values were determined to be higher in
the patient group, compared to the controls, while Pmin

values were seen to be higher in the controls. P-WD
value was found to be higher in the patients than the
controls (45.85 ± 12.42 vs. 27.17 ± 6.6msec, p< .001).
Although similar QTc-max and higher QTc-min values
were found in the controls than the patients, the values
of QTc dispersion were found to be higher in the
patients, compared to the controls (71.13 ± 27.95 vs.
41.25 ± 14.55msec, p< .001). Tp-e interval, Tp-e max-
imum and Tp-e minimum were found to be higher in
the patients group. Tp-e/QT ratio was also found to be
higher in the patients, compared to the controls
(0.19 ± 0.02 vs. 0.18 ± 0.01, p< .001).

Correlation analyses demonstrated that P-WD disper-
sion was positively correlated with uric acid (r¼ 0.289,
p< .001), sodium (r¼ 0.194, p¼ .012), potassium
(r¼ 0.256, p¼ .001), QTc dispersion (r¼ 0.172, p¼ .027)
and Tp-e/QT (p¼ .195, r¼ 0.012) and negatively corre-
lated with eGFR (r¼�0.318, p< .001). It was also shown
that Tp-e was positively correlated with calcium
(r¼ 0.211, p¼ .007), hemoglobin (r¼ 0.171, p¼ .028),
QTc dispersion (r¼ 0.303, p< .001) and Tp-e/QT ratio
(r¼ 0.643, p< .001) and that Tp-e/QT ratio was posi-
tively correlated with hemoglobine (r¼ 0.224, p¼ .004),
P-WD (r¼ 0.195, p¼ .012) and QTc dispersion (r¼ 0.223,
p¼ .004). QTc dispersion was found to be positively cor-
related with creatinine (r¼ 0.342, p< .001), uric acid
(r¼ 0.159, p¼ .043), P-WD (r¼ 0.172, p¼ .027), Tp-e
(r¼ 0.303, p< .001) and Tp-e/QT ratio (r¼ 0.223,
p¼ .004), while negatively correlated with eGFR
(r¼�0.353, p¼ .019).

In the comparison of the patients and controls, 93
(69.9%) cases in the patient group were seen to have
prolonged P-WD duration, while those in the controls
had no prolonged P-WD duration (>40msec; p< .001).
It was also seen that 108 (81.2%) cases in the patients
and eight (25%) cases among the controls had pro-
longed QTc dispersion duration (>50msec; p< .001),
while no cases in the patients and only one (3.1%) case
in the controls had prolonged Tp-e interval duration
(>110msec; p¼ .194). Also, two (1.5%) cases in the
patients were observed to have increased Tp-e/QT ratio,
while no case in the controls had increased Tp-e/QT
ratio (>0.25; p¼ .649).

Based on the presence of DM, our patients were re-
divided into two subgroups as those with and without
DM and such parameters as P-WD, QTc dispersion, Tp-e
duration and Tp-e/QT ratio were found to be similar in
both groups.

As a result of multivariate linear regression analysis,
the higher potassium (b¼�2.711, p¼ .013) and i-PTH
(b¼�0.015, p¼ .002) were the independent predictors
of an increased Tp-e/QT ratio (Table 3). In addition,
there was a significant correlation between the Tp-e/QT
ratio in the averages of all of the leads, and calcium
(r¼ 0.224, p¼ .009) phosporus (r¼�0.229, p< .008),
potassium (r¼�0.263, p¼ .002), hemoglobine
(r¼ 0.320, p< .001), i-PTH (r¼�0.335, p< .001) and
eGFR (r¼ 0.290, p¼ .001).

Likewise, in multivariate linear regression analysis,
the higher potassium (b¼�2.633, p¼ .012) and i-PTH
(b¼�0.017, p¼ .001) were also demonstrated to be the
independent predictors of a prolonged Tp-e interval. In
addition, a significant correlation was present between
the Tp-e interval in the averages of all of the leads and
albumine (r¼ 0.225, p¼ .009), calcium (r¼ 0.290,
p¼ .001), phosporus (r¼�0.175, p¼ .044), potassium
(r¼�0.257, p¼ .003), hemoglobine (r¼ 0.296, p¼ .001),
i-PTH (r¼ -0.373, p< .001) and eGFR (r¼ 0.260, p¼ .003).
However, no parameters predicted an increased P-WD in
multivariate linear regression analysis and also no param-
eters were correlated with P-WD (Table 4).

All of the 12 candidate parameters that distinguished
between two outcomes with a p< .10 were entered into a
logistic regressionmodel as candidate predictors (Table 5).

Discussion

In the present study, the values of P-WD, QTc dispersion
and Tp-e/QT ratio were found to increase in predialysis
patients with stages 3–5 CKD on no RRT.

Table 4. Bivariate correlation and multivariate linear regres-
sion analyses between increased P-WD (average of all leads)
and study parameters.

Bivariate correlation

Multivariate
linear

regression

Parameters r p value b p value

Uric acid (mg/dL) 0.046 .600 – –
Calcium (mg/dL) �0.124 .154 – –
Phosphorus (mg/dl) �0.096 .273 – –
Potassium (mEq/L) �0.002 .983 – –
Hemoglobine (g/dl) �0.085 .328 – –
i-PTH �0.038 .668 – –
eGFR (ml/min) 0.096 .273 – –
Age (years) �0.134 .124 – –
Male 0.007 .933 – –
Diabetes Mellitus <0.001 1 – –
Hypertension 0.001 .988 – –
Coronary artery disease 0.15 .189 – –
Albumin (g/dL) �0.047 .589 – –
Sodium (mEq/L) 0.132 .130 – –
Magnesium (mg/dL) �0.109 .228 – –
CRP (mg/dl) �0.067 .455 – –
Ferrite (mg/dl) 0.062 .478 – –

CRP: C-reactive protein; eFGR: estimated glomerular filtration rate; i-PTH:
intact parathyroid test
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Increased Pmax and P-WD duration are known to
increase the risk of atrial fibrilo flutter [5]. In a study per-
formed by Dilaveris et al. [5], a cutoff value is recom-
mended as 110msec (88% of sensitivity and 83% of
specifity) for Pmax and as 40msec (75% of sensitivity
and 85% of specifity) for P-WD in order to distinguish
the healthy controls from the patients. In another study
by Solak et al. [8], when compared to the controls, P-
wave index was reported to become increased in CKD
patients on hemodialysis and in those on continuous
ambulatory peritoneal dialysis (CAPD), but the increase
was significant in those on hemodialysis, while insignifi-
cant in those on CAPD. In the same study, the preva-
lance rates of intraatrial block in CKD patients on
hemodialysis and CAPD, and controls were reported to
be 61, 55 and 32%, (p¼ .001), respectively. In another
study, Huang et al. [33] reported that increased P-WD
and Pmax duration are associated with faster decline in
renal functions, increased requirement for dialysis or
even with increased risk of death in stages 3 or 4 and
end-stage CKD patients. Unver et al. reported that ultra
filtrate volume greater than 1 L increased P-WD values
during hemodialysis [34]. As consistent with the find-
ings in previous studies, the durations of Pmax, Pmin and
P-WD were found to increase in CKD patients with
stages 3–5 on no RRT in our study. As a limitation in our
study, we performed no long-term ambulatory cardiac
rhytym analysis and so no comparison of Pmax, Pmin and
P-WD with the risk of arrhythmia was carried out.
However, considering the results of previous studies,
we consider that the increased rates of Pmax, Pmin and
P-WD may be seen in CKD patients and speculate that
the increase may trigger or be responsible for the risk
of arrhythmia in these patients.

The durations of QT and QTc and QTc dispersion
were found to increase in the patients on dialysis, com-
pared to the controls [18–20]. Morris et al. [19] reported
that the duration of QTc max and QT dispersion
increased in the patients with CKD on hemodialysis and
that the rise continued after the hemodialysis. In various
studies, different factors are emphasized to have effects
on QT dispersion in the patients on hemodialysis.
Afshinnia et al. [35] reported that low magnesium
dialysate used during hemodialysis had no effects on
QT dispersion in hemodynamically stable hemodialysis
patients. In another study, Tong et al. [20] detected that

an increase was present in the duration of QT and QTc
dispersion after hemodialysis and that as the reason for
the increase, a decrease in sodium and potassium, an
increase in calcium and ultra filtrate volume affected QT
and QTc dispersion in these patients during hemodialy-
sis. In the study by Jaroszynski et al. [18], the changes of
serum calcium, phosphorus, potassium and extracellular
volume during hemodialysis were reported to affect
QTc dispersion and to promote ventricular arrythmo-
genesis. On the other hand, it was also shown that renal
transplantation had a beneficial effect on QTc duration
and maximum QTc interval was shorter in the patients
with renal transplation, compared to the patients on
hemodialysis [36]. Our study population was composed
of the patients with CKD stages 3–5 on no RRT.
However, QT min and QTc dispersion were found to be
increased in our patients with CKD, compared to the
controls. As a limitation of our study, we found no result
for the significance of prolonged QTc, because we did-
not investigate cardiac rhythm analysis. When consider-
ing the results of previous studies, it may be speculated
that prolonged QTc dispersion has an effect on the car-
diac mortality and morbidity rates in the patients
with CKD.

In recent studies performed in different groups of
patients with such diseases as left ventricular hyper-
thropy, hyperthropic cardiomyopathy and implantable
cardioverter defibrillator, Tp-e/QT ratio has been sug-
gested to be more beneficial in the evaluation of ven-
tricular repolarization and arrythmogenesis, compared
to Tp-e interval and QTc [32,37,38]. Despite the similar
findings of Tp-e interval in the patients with CKD stages
3–5 on no RRT, higher Tp-e/QT ratio was found in our
patients with CKD stages 3–5 on no RRT, compared to
the controls. To the best our knowledge, there is no
study evaluating Tp-e and Tp-e/QT ratio in the patients
with CKD stages 3–5 on no RRT. In a single study pub-
lished by Tun et al. [39], Tp-e was reported to be
increased in the patients with ESRD, compared to the
controls. In another study reporting no changes in QTc
interval and QT dispersion, it was reported that Tp-e
interval and Tp-e/QT ratio increased after hemodialysis
and also speculated that hemodialysis induced ventricu-
lar arrythmias [40]. Because the number of studies is
too limited, we consider that no speculation can be
made on Tp-e interval and Tp-e/QT ratio in the patients

Table 5. Results of binary logistic regression models differentiating between patients and controls groups.
Compared Outcomes Models % Correct r2 Variables p value Exp b (OR) 95% CI of Exp b

Patients–control groups Y¼ 23.45� 1.288� uric
acid �3.478� potassium

96.9 0.842 Uric acid .003 0.266 0.110–0.645

Potassium .003 0.031 0.003–0.299

CI: confident interval; OR: odds ratio.
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with CKD and that these entities should be supported
with novel studies with larger sample size.

As another finding of our study, no difference was
observed between diabetic and non-diabetic popula-
tions in terms of the duration of P-WD, QTc and Tp-e
interval and also Tp-e/QT ratio. It is a known fact that
DM increases the risk of ventricular arryhmogenesis
[41]. In a study published by Tokatli et al. [42], the val-
ues of Tp-e, Tp-e/QT ratio were reported to increase in
patients with type 2DM.

However, our study has some liminations. Firstly, we
evaluated no relationship between arrhythmias and the
predictors of arrthythmias, such as PWD, QTc, Tp-e and
Tp-e/QT; therefore, we acquired no information about
the effects of such parameters on the patients with
CKD. Secondly, because our patients were on no RRT,
no effects of RRT on these parameters were investigated
in our study. Thirdly, due to technical reasons, blood PH
and ionized calcium could not be measured in both
groups, while magnesium, C-reactive protein (CRP) and
intact parathyroid hormone (i-PTH) levels were not
measured in the controls. Finally, based on literature,
whether various factors, especially drugs used in pre-
dialysis patients, have effects on Tpe still remains
unclear.

In conclusion, our study showed that as the predic-
tors of arrhythmias and sudden cardiac deaths, the
durations of P-WD and QTc dispersion and also Tp-e/QT
ratio were increased in the patients with CKD on no
RRT. The screening of CKD patients on the basis of
PWD, QTc dispersion and Tp-e/QT ratio, which can be
measured with ECG easily, could help detect the
patients with high risk profiles and prevent worse out-
comes like cardiac arrhythmias and sudden deaths.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

This study was supported by Konya Training and Research
Hospital’s Research Fund.

References

[1] Mallick NP, Jones E, Selwood N. The European
(European Dialysis and Transplantation Association-
European Renal Association) Registry. Am J Kidney Dis.
1995;25:176–187.

[2] Sniderman AD, Solhpour A, Alam A, et al.
Cardiovascular death in dialysis patients: lessons we
can learn from AURORA. Clin J Am Soc Nephrol.
2010;5:335–340.

[3] Cobo Sanchez JL, Alconero Camarero AR, Casaus
Perez M, et al. Hyperkalaemia and haemodialysis
patients: eletrocardiographic changes. J Ren Care.
2007;33:124–129.

[4] Rodriguez-Iturbe B, Correa-Rotter R. Cardiovascular risk
factors and prevention of cardiovascular disease in
patients with chronic renal disease. Expert Opin
Pharmacother. 2010;11:2687–2698.

[5] Dilaveris PE, Gialafos EJ, Sideris SK, et al. Simple elec-
trocardiographic markers for the prediction of parox-
ysmal idiopathic atrial fibrillation. Am Heart J. 1998;
135:733–738.

[6] Mugnai G, Chierchia GB, de Asmundis C, et al. P-wave
indices as predictors of atrial fibrillation recurrence
after pulmonary vein isolation in normal left atrial size.
Eur J Cardiovasc Med. 2016;17:194–200.

[7] Chen SC, Su HM, Huang JC, et al. Association of P-
Wave dispersion with overall and cardiovascular mor-
tality in hemodialysis patients. Am J Nephrol. 2015;42:
198–205.

[8] Solak Y, Gul EE, Kayrak M, et al. Electrocardiographic
P-wave characteristics in patients with end-stage renal
disease: P-index and interatrial block. Int Urol Nephrol.
2013;45:511–517.

[9] Ozben B, Toprak A, Koc M, et al. P wave dispersion
increases during hemodialysis sessions. Nephron Clin
Pract. 2009;112:c171–c176.

[10] Tezcan UK, Amasyali B, Can I, et al. Increased P wave
dispersion and maximum P wave duration after hemo-
dialysis. Ann Noninvasive Electrocardiol. 2004;9:34–38.

[11] Szabo Z, Kakuk G, Fulop T, et al. Effects of haemodi-
alysis on maximum P wave duration and P wave
dispersion. Nephrol Dial Transplant. 2002;17:
1634–1638.

[12] Eguchi M, Tsuchihashi K, Takizawa H, et al. Detection
of cardiac calcinozis in hemodialysis patients by
whole-body scintigraphy with 99 m-technetium
methylene diphosphonate. Am J Nephrol. 2000;20:
278–282.

[13] Nitta K, Akiba T, Uchida K, al e. Left ventricular hyper-
trophy is associated with arterial stiffnes and vascular
calcification in hemodialysis patients. Hypertens Res.
2004;27:47–52.

[14] Su HM, Tsai WC, Lin TH, et al. P wave dispersion and
maximum P wave duration are independently associ-
ated with rapid renal function decline. PLoS One.
2012;7:e42815.

[15] Ozmen N, Cebeci BS, Kardesoglu E, et al. Relationship
between P-wave dispersion and effective hemodialysis
in chronic hemodialysis patients. Med Princ Pract.
2007;16:147–150.

[16] Sawires H, Makar S, Zekry H. Effect of On-Line
Hemodiafiltration on P-wave dispersion in children.
Ther Apher Dial. 2015;19:399–404.

[17] Surawicz B. Will QT dispersion play a role in clinical
decision-making? J Cardiovasc Electrophysiol. 1996;7:
777–784.

[18] Jaroszynski AJ, Zaluska WT, Ksiazek A. Effect of haemo-
dialysis on regional and transmural inhomogeneities
of the ventricular repolarisation phase. Nephron
Clinical Practice. 2005;99:c24–c30.

6 K. KOLLU ET AL.



[19] Morris ST, Galiatsou E, Stewart GA, et al. QT dispersion
before and after hemodialysis. J Am Soc Nephrol.
1999;10:160–163.

[20] Tong Y, Hou H. The alteration of QT dispersion in
hemodialysis subjects. Kidney Blood Press Res. 2006;
29:231–236.

[21] Kors JA, Ritsema van Eck HJ, van Herpen G. The
meaning of the Tp-Te interval and its diagnostic value.
J Electrocardiol. 2008;41:575–580.

[22] Mugnai G, Benfari G, Fede A, et al. Tpeak-to-Tend/QT
is an independent predictor of early ventricular
arrhythmias and arrhythmic death in anterior ST eleva-
tion myocardial infarction patients. Eur Heart J Acute
Cardiovasc Care. 2016;5:473–480.

[23] Panikkath R, Reinier K, Uy-Evanado A, et al. Prolonged
Tpeak-to-tend interval on the resting ECG is associated
with increased risk of sudden cardiac death. Circ
Arrhythm Electrophysiol. 2011;4(4:):441–447.

[24] Cheung AK, Sarnak MJ, Yan G, et al. Cardiac diseases
in maintenance hemodialysis patients: results of the
HEMO study. Kidney Int. 2004;65:2380–2389.

[25] Ragosta M, Samady H, Isaacs RB, et al. Coronary flow
reserve abnormalities in patients with diabetes melli-
tus who have end-stage renal disease and normal
epicardial coronary arteries. Am Heart J. 2004;147:
1017–1023.

[26] Tok D, Gullu H, Erdogan D, et al. Impaired coronary
flow reserve in hemodialysis patients: a transthoracic
Doppler echocardiographic study. Nephron Clin Pract.
2005;101:c200–c206.

[27] Ichimaru K, Horie A. Microangiopathic changes of sub-
epidermal capillaries in end-stage renal failure.
Nephron. 1987;46:144–149.

[28] Alpert MA. Sudden cardiac arrest and sudden cardiac
death on dialysis: epidemiology, evaluation, treatment,
and prevention. Hemodial Int. 2011;15(Suppl 1):
S22–S29.

[29] Pun PH, Middleton JP. Sudden cardiac death in hemo-
dialysis patients: a comprehensive care approach to
reduce risk. Blood Purif. 2012; 33:183–189.

[30] Levey AS, Bosch JP, Lewis JB, et al. A more accurate
method to estimate glomerular filtration rate from
serum creatinine: a new prediction equation. Ann
Intern Med. 1999;130:461–470.

[31] Goldenberg I, Moss AJ, Zareba W. QT interval: how to
measure it and what is “normal”. J Cardiovasc
Electrophysiol. 2006;17:333–336.

[32] Gupta P, Patel C, Patel H, et al. T(p-e)/QT ratio as an
index of arrhythmogenesis. J Electrocardiol. 2008;41:
567–574.

[33] Huang JC, Wei SY, Chen SC, et al. P wave dispersion
and maximum P wave duration are associated with
renal outcomes in chronic kidney disease. PLoS One.
2014;9:e101962.

[34] Unver S, Ozmen N, Aparci M, et al. The influence of
the amount of ultrafiltration in chronic hemodialysis
on P wave dispersion. Renal Failure. 2007;29:207–212.

[35] Afshinnia F, Doshi H, Rao PS. The effect of different
dialysate magnesium concentrations on QTc disper-
sion in hemodialysis patients. Renal Failure.
2012;34:408–412.

[36] Monfared A, Ghods AJ. Improvement of maximum cor-
rected QT and corrected QT dispersion in electrocardi-
ography after kidney transplantation. Iran J Kidney
Dis. 2008;2:95–98.

[37] Morin DP, Saad MN, Shams OF, et al. Relationships
between the T-peak to T-end interval, ventricular
tachyarrhythmia, and death in left ventricular systolic
dysfunction. Europace. 2012;14:1172–1179.

[38] Shimizu M, Ino H, Okeie K, et al. T-peak to T-end inter-
val may be a better predictor of high-risk patients
with hypertrophic cardiomyopathy associated with a
cardiac troponin I mutation than QT dispersion. Clin
Cardiol. 2002;25:335–339.

[39] Tun A, Khan IA, Wattanasauwan N, et al. Increased
regional and transmyocardial dispersion of ventricular
repolarization in end-stage renal disease. Can J
Cardiol. 1999;15:53–56.

[40] Kalantzi K, Gouva C, Letsas KP, et al. The impact of
hemodialysis on the dispersion of ventricular repolari-
zation. Pacing Clin Electrophysiol. 2013;36:322–327.

[41] Ninkovic VM, Ninkovic SM, Miloradovic V, et al.
Prevalence and risk factors for prolonged QT interval
and QT dispersion in patients with type 2 diabetes.
Acta Diabetol. 2016;53:737–744.

[42] Tokatli A, Kilicaslan F, Alis M, et al. Prolonged Tp-e
Interval, Tp-e/QT Ratio and Tp-e/QTc Ratio in Patients
with Type 2 Diabetes Mellitus. Endocrinol Metab.
2016;31:105–112.

RENAL FAILURE 7


	The assessment of P-wave dispersion and myocardial repolarization parameters in patients with chronic kidney disease
	Introduction
	Material and methods
	Statistical analyses

	Results
	Discussion
	Disclosure statement
	Funding
	References



<<
	/CompressObjects /Tags
	/ParseDSCCommentsForDocInfo true
	/CreateJobTicket false
	/PDFX1aCheck false
	/ColorImageMinResolution 150
	/GrayImageResolution 150
	/DoThumbnails false
	/ColorConversionStrategy /sRGB
	/GrayImageFilter /DCTEncode
	/EmbedAllFonts true
	/CalRGBProfile (sRGB IEC61966-2.1)
	/MonoImageMinResolutionPolicy /OK
	/ImageMemory 1048576
	/LockDistillerParams true
	/AllowPSXObjects true
	/DownsampleMonoImages true
	/PassThroughJPEGImages false
	/ColorSettingsFile (None)
	/AutoRotatePages /All
	/Optimize true
	/MonoImageDepth -1
	/ParseDSCComments true
	/AntiAliasGrayImages false
	/GrayImageMinResolutionPolicy /OK
	/JPEG2000ColorImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/ConvertImagesToIndexed true
	/MaxSubsetPct 100
	/Binding /Left
	/PreserveDICMYKValues false
	/GrayImageMinDownsampleDepth 2
	/MonoImageMinResolution 600
	/sRGBProfile (sRGB IEC61966-2.1)
	/AntiAliasColorImages false
	/GrayImageDepth -1
	/PreserveFlatness true
	/CompressPages true
	/GrayImageMinResolution 150
	/CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
	/PDFXBleedBoxToTrimBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/AutoFilterGrayImages true
	/EncodeColorImages true
	/AlwaysEmbed [
	]
	/EndPage -1
	/DownsampleColorImages true
	/ASCII85EncodePages false
	/PreserveEPSInfo false
	/PDFXTrimBoxToMediaBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/CompatibilityLevel 1.6
	/MonoImageResolution 600
	/NeverEmbed [
	]
	/CannotEmbedFontPolicy /Warning
	/AutoPositionEPSFiles true
	/PreserveOPIComments false
	/JPEG2000GrayACSImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/PDFXOutputIntentProfile ()
	/JPEG2000ColorACSImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/EmbedJobOptions true
	/MonoImageDownsampleType /Bicubic
	/DetectBlends true
	/EncodeGrayImages true
	/ColorImageDownsampleType /Bicubic
	/EmitDSCWarnings false
	/AutoFilterColorImages true
	/DownsampleGrayImages true
	/GrayImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/AntiAliasMonoImages false
	/GrayImageAutoFilterStrategy /JPEG
	/GrayACSImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/ColorImageAutoFilterStrategy /JPEG
	/ColorImageMinResolutionPolicy /OK
	/ColorImageResolution 150
	/PDFXRegistryName ()
	/MonoImageFilter /CCITTFaxEncode
	/CalGrayProfile (Gray Gamma 2.2)
	/ColorImageMinDownsampleDepth 1
	/JPEG2000GrayImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/ColorImageDepth -1
	/DetectCurves 0.1
	/PDFXTrapped /False
	/ColorImageFilter /DCTEncode
	/TransferFunctionInfo /Preserve
	/PDFX3Check false
	/ParseICCProfilesInComments true
	/ColorACSImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/DSCReportingLevel 0
	/PDFXOutputConditionIdentifier ()
	/PDFXCompliantPDFOnly false
	/AllowTransparency false
	/PreserveCopyPage true
	/UsePrologue false
	/StartPage 1
	/MonoImageDownsampleThreshold 1.5
	/GrayImageDownsampleThreshold 1.5
	/CheckCompliance [
		/None
	]
	/CreateJDFFile false
	/PDFXSetBleedBoxToMediaBox true
	/EmbedOpenType false
	/OPM 1
	/PreserveOverprintSettings true
	/UCRandBGInfo /Remove
	/ColorImageDownsampleThreshold 1.5
	/MonoImageDict <<
		/K -1
	>>
	/GrayImageDownsampleType /Bicubic
	/Description <<
		/ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
		/PTB <>
		/FRA <>
		/NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
		/KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
		/NOR <>
		/DEU <>
		/SVE <>
		/DAN <>
		/ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
		/JPN <>
		/SUO <>
		/CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
		/CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
		/ESP <>
	>>
	/CropMonoImages true
	/DefaultRenderingIntent /Default
	/PreserveHalftoneInfo false
	/ColorImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/CropGrayImages true
	/PDFXOutputCondition ()
	/SubsetFonts true
	/EncodeMonoImages true
	/CropColorImages true
	/PDFXNoTrimBoxError true
>>
setdistillerparams
<<
	/PageSize [
		612.0
		792.0
	]
	/HWResolution [
		600
		600
	]
>>
setpagedevice


