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Abstract

Background: Chronic kidney disease (CKD) patients are at higher risk for cardiac ar-
rhythmias. The risk of arrhythmia may change with different treatment modalities.
We proposed to compare the effects of varied therapy methods on myocardial repo-
larization parameters (Tp-e, QT, QTc intervals, Tp-e/QT, Tp-e/QTc ratios) and P-wave
dispersion (PWD) in patients with CKD.

Methods: Three groups were formed from the patients aged between 18 and
65 years, as Group 1 consisting of CKD patients receiving hemodialysis (HD) three
times a week, Group 2 consisting of predialysis CKD patients and Group 3 consisting
of CKD patients who underwent successful transplantation. All patients’ basic de-
mographic data, risk factors, and echocardiographic parameters were recorded, and
electrocardiographic repolarization parameters and PWD were analyzed.

Results: The PR, QT, and QTc intervals were significantly shorter in the transplanta-
tion group compared to the other groups (P = .020, P < .001, P = .035; respectively).
Tp-e interval, Tp-e/QT, and Tp-e/QTc ratios were significantly higher in the predialy-
sis group compared to the other groups (P < .001, P < .001, P = .001; respectively),
while there was no significant variation between the HD and transplantation groups
(P> .05). PWD was significantly increased in the predialysis group compared to other
two groups (P < .001), while no significant variation between the HD and transplan-
tation groups was observed.

Conclusion: We found that the Tp-e interval, Tp-e/QT, Tp-e/QTc, and PWD were
significantly higher in the predialysis CKD group, but the PR, QT, and QTc intervals
were significantly shorter in the transplantation group compared to the other groups.
The prognostic significance and prediction of these parameters in arrhythmic events

in CKD patients requires further evaluation with long-time follow-up.
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1 | INTRODUCTION

Chronic kidney disease (CKD) is characterized by decreased glo-
merular filtration rate (GFR) (60 mL/min/1.73 m?) and/or the pres-
ence of renal damage, such as microalbuminuria, for more than
3 months.! Cardiovascular diseases (CVD) are the major cause of
morbidity and mortality in patients with CKD.* Coronary artery
disease, heart failure, pericarditis, atrial fibrillation (AF), and ar-
rhythmias are the most common CVD causing death as a result
of CKD.Y? Increased risk factors such as diabetes mellitus (DM),
hypertension, hyperlipidemia, left ventricular hypertrophy, myo-
cardial fibrosis, arterial stiffness, progression of atherosclerosis,
and changes in the concentrations of serum electrolytes are the
main contributing factors.>?

The risk of cardiovascular mortality and arrhythmias may be
changed with different treatment modalities in patients with
CKD.? Several studies have demonstrated that hemodialysis (HD)
affects a variety of electrolyte, fluid, and acid-base parameters,
as well as electrocardiography (ECG) results.® Some ECG changes
are used as a predictive factor for arrhythmia. The peak to end
interval of T wave (Tp-e) is a measure of trans-myocardial distri-
bution of repolarization and may be related to dangerous rhythm
irregularity and ventricular arrhythmias.*> Again, raised Tp-e/QT
ratio is related to reentry mechanism for underlying pathophysiol-
ogy in arrhythmic events.®”® Myocardial repolarization parameters
are evaluated with QT interval, corrected QT (QTc), Tp-e interval,
Tp-e/QT, and Tp-e/QTc ratio. The increase in these parameters
is related with malignant rhythm disorders and sudden cardiac
death.”® P-wave dispersion (PWD) defined as the prolongation of
interatrial and intraatrial conduction duration as a result of irreg-
ular spread of sinus beats are well-known predictors of AF and
raised in patients with paroxysmal AF.?1!

In this study, we proposed to compare the effects of different
treatment strategies on myocardial repolarization parameters and
P-wave dispersion in patients with CKD who received HD, patients
with CKD in the predialysis period, and patients with CKD who un-

derwent renal transplantation.

2 | METHODS
2.1 | Study population and study protocol

This study was a cross-sectional and observational study. A total
of 120 CKD patients followed-up at the Nephrology Outpatient
Clinic were directed to our clinic. Three groups were created from
patients aged between 18 and 65 years, as Group 1 (40 patients)
including CKD patients receiving HD three times a week, Group 2
(40 patients) consisting of predialysis CKD patients (GFR < 30 mL/
min/1.73 m?) and Group 3 (40 patients) including CKD patients who
underwent a successful transplantation (GFR > 60 mL/min/1.73 m?).

The exclusion parameters included a history of hypertrophic or

restrictive cardiomyopathy, previous myocardial infarction, bypass
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operation history, low ejection fraction (EF < 50%), AF on ECG, QRS
duration 2120 msn, chronic pulmonary disease, severe liver disease,
severe obesity (BMI = 40 kg/mZ), significant valvular disease or a
history of valvular surgery, poor-quality visualization on echocar-
diography, constrictive pericarditis, severe pericardial effusion,
pregnancy, a history and/or findings of amyloidosis, electrolyte ab-
normalities (K, Na, Ca abnormalities) or receiving treatment because
of the abnormality, and a history of kidney rejection. Again, patients
with frequent palpitations or a detected paroxysmal AF attack were
excluded. Informed consent was obtained from all patients.

All patients’ basic demographic data, age, height, weight, systolic
and diastolic blood pressure, risk factors such as DM, hypertension
and smoking, and CKD duration were questioned and recorded. The
duration of dialysis and duration of renal transplantation were de-
termined. Body mass index (BMI) was measured by dividing body
weight in kilograms by the square of the height in meters (kg/m?).
Laboratory parameters were evaluated in blood taken after 12 hours
of fasting. Patients were routinely followed-up by the department of
nephrology, and no abnormalities were found in their electrolytes
such as calcium, potassium, magnesium, and sodium. GFR was cal-
culated using the Modification of Diet in Renal Disease (MDRD) for-
mula. All data were collected on a day between dialysis days in the

HD group.

2.2 | Electrocardiography

Electrocardiography papers were recorded in a quiet room after
5 minutes of rest, with 20 mm/mV amplitude and 50 mm/s rate from
an ECG machine (Cardiovit AT-102 ECG, Schiller, Switzerland). All
ECG papers were scanned and transferred to a computer. Adobe
Photoshop software was used for 400% magnification of the param-
eters. Then all the parameters were analyzed by two blinded cardi-
ologists. All twelve lead electrodes were analysed, but the V5 and
DIl leads were evaluated more detailed due to best reflects of apical-
basal and interventricular distribution of repolarization.”

The Tp-e interval may be described as the distance from the
highest amplitude of the T wave to its return to the isoelectric line.
The QT interval was defined as the interval from the first deviation
of the QRS wave to the end of the T wave. The R-R interval was mea-
sured and used to compute the heart rate and to correct QT distance
(QTc) with Bazett's formula (QT interval/¥(RR interval)). The P-wave
times (Pmax and Pmin) were defined as the time from the beginning
of the P-wave to the end of the P-wave according to the isoelectric
line. All twelve lead electrodes were analyzed, and the difference
among Pmax and Pmin was calculated and described as P-wave dis-
persion (PWD = Pmax - Pmin). For each parameter, the ECG data
was measured average three times.

Intraobserver and interobserver variability for myocardial re-
polarization parameters and P-wave dispersion were assessed by
repeating the measurements of 10 randomly selected individuals
from each group. These parameters were reevaluated by the same

physician at least 1 month later for intraobserver variability and by
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Hemodialysis

Predialysis CKD

Transplantation

TABLE 1 Basic demographic values
and risk factors for CKD patients

Variable group (n = 40) group (n = 40) group (n = 40) PUElE according to the hemodialysis, predialysis
Age (y) 478 +8.8° 457 +9.7° 40 +9.1° 0.001 and transplantation groups
Gender
Men, n (%) 18 (45) 15 (37.5) 23 (57.5) 0.194
Women, n (%) 22 (55) 25 (67.5) 17 (42.5)
Height (cm) 161+ 8.5° 161.6 + 8.4° 164 + 10° 0.481
Weight (kg) 63 +12.9° 71.7 + 11.4° 70 + 13.6° 0.012
BMI (kg/m?) 24.5 + 4.9 261 +4.6° 25.8 + 4.2%° 0.006
Systolic BP 130 (90-170)*® 135 (110-180)° 120 (100-180)? 0.003
(mmHg)
Diastolic BP 80 (60-105)° 82.5 (70-110)° 80 (60-110) 0.021
(mmHg)
Heart rate (bpm/ 75 (50-116) 77 (50-117) 77 (50-109) 0.281
min)
Diabetes mellitus, n (%)
) 33(82.5) 31(77.5) 33(82.5) 0.806
(+) 7(17.5) 9(22.5) 7(17.5)
Hypertension, n (%)
) 8(20) 8(20) 8(20) 1.0
(+) 32(80) 32(80) 32(80)
Cigarette, n (%)
) 28 (70) 28 (70) 29 (72.5) 0.960
(+) 12 (30) 12 (30) 11 (27.5)
CKD duration (y) 8.4 +5.8° 3(1-21) 10 (3-24)° <0.001

Abbreviations: BMI, body mass index; BP, blood pressure; CKD, chronic kidney disease.

Bold values indicate statistically significant.

251 pairwise comparisons between groups, there is no difference between groups with the same

character.

another one blinded to the data of the subjects for interobserver
variability. Intraobserver and interobserver variability was lower
than 5.0% and nonsignificant (P > .05) for all myocardial repolariza-

tion parameters and P-wave dispersion.

2.3 | Echocardiography

The echocardiographic evaluation was done in the left side de-
cubitus position from standard acoustics views with Vivid E9
device (GE Medical System, Horten, Norway; 3.5-MHz phased
array transducer). Diameter of the left atrium, left ventricle end
diastolic and end systolic dimensions, interventricular septum
and posterior tissue diameter, and right ventricular diameter were
measured in parasternal long-axis view with two-dimensional im-
ages. Ejection fraction was calculated using the modified Simpson
method. M-mode, two-dimensional, Doppler and colored Doppler
echocardiographic parameters of all patients were obtained and
evaluated according to the American Society of Echocardiography
standards.!? LV mass was measured using the Devereux's formula

and indexed to body surface area (BSA). Left atrium (LA) volume

was measured using the biplane area-length technique and in-
dexed to BSA.12

2.4 | Statistical analysis

The data of patients were evaluated with IBM SPSS 20 (SPSS
Inc, Chicago, IL, USA) program. In terms of variables suitability
for normal distribution was analyzed using visual histograms and
Shapiro-Wilk test. Categorical variables were presented as num-
bers and percentages, continuous variables were presented as
mean =+ standard deviation if variables show normal distribution;
and as median (minimum-maximum) if variables show abnormal
distribution. Chi-square test was used to compare categorical pa-
rameters. For the parameters that were found unsuitable for nor-
mal distribution, the statistical method used was Kruskall-Wallis
H test and pairwise comparisons to detect statistically important
changes among the three independent groups. One-way ANOVA
was used for the parameters with normal distribution to define
important variations among the groups. Homogeneity of vari-

ances was determined with Levene's test. When variances were
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homogenous, Tukey's test was used for pairwise post-hoc compar-
isons. When parameters were not homogenous, Tamhane's T, test
was used for pairwise post hoc comparisons. Intraobserver and
interobserver variability were evaluated by coefficient of variation
between the measurements. The statistically significant value was
described as P < .05.

3 | RESULTS
Demographic data for study in the three groups are summarized in
Table 1. Patients in the transplantation group were younger, while
there was no statistically important variation among the HD and pre-
dialysis groups. BMI values were lower in the HD group compared
to the predialysis group, while no significant difference was found
between the other groups. Blood pressure parameters were lower in
the transplantation group compared to the predialysis group, while
no significant variation was found compared to the HD group. Again,
no statistically significant variation was found between the HD and
predialysis groups. No statistically significant variation was found
among the groups in terms of heart rate, DM, hypertension, and
smoking risk factors (Table 1).

Of the patients in the transplantation group, 82.5% (n = 33) re-
ceived dialysis. Among these patients, 80% (n = 32) had living donors
and 20% (n = 8) cadaver donors. The mean duration of dialysis before

TABLE 2 Basic echocardiographic
and laboratory values of CKD patients
according to the hemodialysis, predialysis
and transplantation groups

Variable

Hg (g/dL)

BUN (mg/dL)
Creatinine (mg/dL)
Glucose (mg/dL)
LVEDD (mm)
LVESD (mm)

IVS (mm)

PW (mm)

LV mass index
(g/m?

LVEF %
LA (a-p) (mm)
LAV (mL)

LA volume index
(mL/m?)

RV (mm)
sPAP (mmHg)
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transplantation was found as 3 + 4.3 years, and the mean time after
transplantation was 3 + 2.2 years. In the HD group, the mean dura-
tion of dialysis was 4.9 + 4.5 years. In the predialysis group, duration
of the diagnosis was found as minimum 1 and maximum 21 years.
The median GFR value was calculated as 12 (6-29) mg/dL/m2 in the
predialysis group and 75.5 (61-124) mg/dL/m? in the transplantation
group.

A statistically significantly lower level of hemoglobin was found
inthe HD group whereas a higher level of haemoglobin was observed
in the transplantation group (P < .001). Left ventricular end diastolic
diameter, posterior wall thickness were significantly lower in the
transplantation group compared to both HD and predialysis groups
(P <.001, P =.039). Again, left ventricular ejection fraction was sig-
nificantly higher in the transplantation group compared to the other
two groups. Left ventricular mass index, right ventricular size and
systolic pulmonary artery pressure were also significantly lower in
the transplantation group (P =.003, P = .023, P = .007; respectively).
Again, left atrial anteroposterior diameter, left atrial volume and left
atrial volume index were significantly lower in the transplantation
group (P =.003, P =.023, P =.001; respectively) (Table 2).

In the evaluation of electrocardiographic parameters; PR inter-
val, QT and QTc durations were significantly shorter in the trans-
plantation group compared to the other groups (P =.020, P < .001,
P =.035; respectively). While Tp-e interval, Tp-e/QT and Tp-e/QTc
ratios were significantly higher in the predialysis group compared

Hemodialysis Predialysis CKD Transplantation

group (n = 40) group (n = 40) group (n = 40) P value
11.8+ 1.6 12 +2° 13.5 + 1.6° <0.001
46.9 +19.8° 38.8 + 24.5 14.2 + 3.9° <0.001
7.2+ 3¢ 4.2+32° 1.0+0.2° <0.001
87 (66-176) 91 (69-166) 91 (64-182) 0.387
47.5 (33-58) 469 +5.4 45 (36-65) 0.155
31.5+5.2° 30.5 (23-46)° 27 (19-48)° <0.001
13 (8-17) 13+2 12.5 (9-17) 0.075
11.5 + 2.1° 11.6 (7-16)? 11 (7-15)° 0.039
134.8 + 34.7° 125.4 + 31.5° 105 +31.1° 0.003
61.5 +7.3° 65 (45-75)° 71+7° <0.001
37.3+4.3° 36.3 +4.3° 34 1 4.1° 0.003
46.2 + 13.8° 44.2 +14.1° 39.2+12.5° 0.023
271+ 7.7° 24.8 +8.4° 21.5+71° 0.001
25+ 2% 25 (23-35)° 24.5 (18-29)? 0.023
30.6 + 5.8 31.3+7° 28 + 6.6° 0.007

Abbreviations: EF, ejection fraction; Hg, haemoglobin; IVS, interventricular septum; LA (a-p), left
atrium-parasternal long axis anteroposterior diameter; LAV, left atrial volume; LAV, left atrial
volume index; LVEDD, left ventricular end diastolic diameter; LVESD, left ventricular end systolic
diameter; PW, posterior wall; RV, right ventricle; sPAP, systolic pulmonary artery pressure.

Bold values indicate statistically significant.

@‘In pairwise comparisons between groups, there is no difference between groups with the same

character.



Variable

Heart rate (bpm/
min)
PR interval (msn)

QRS interval
(msn)

QT interval (msn)

QTc interval
(msn)

Tp-e interval
(msn)

Tp-e/QT ratio
Tp-e/QTc ratio
Pmax. (msn)
Pmin. (msn)

PWD (msn)
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Hemodialysis
group (n = 40)

75 (50-116)

160 (100-200)°
84 (65-112)

384 (300-450)°
421 (375-524)°

85 (60-120)

0.23(0.14-0.33)°
0.21 (0.13-0.29)
120 (80-140)*®
70 (45-95)*
50 (20-75)°

Predialysis CKD
group (n = 40)

77 (50-117)

159 (112-205)°
84.5 (68-110)

368 (304-440)°
423.5 (362-514)°

100 (60-120)°

0.26 (0.20-0.32)°

0.23(0.18-0.29)°
122 (90-165)°
60 (45-85)°
65 (40-108)°

Transplantation
group (n = 40)

145.5 (104-205)°
84.5 (68-106)

413.5 (338-536)°

TABLE 3 Myocardial repolarization
values and P-wave dispersion of CKD

P value
patients according to the hemodialysis,

77 (50-109) 0.281 predialysis and transplantation groups
0.020
0.970
358 (258-482)? <0.001
0.035
82 (60-120)? <0.001
0.24 (0.15-0.34)° <0.001
0.21 (0.14-0.35)? 0.001
120 (80-145)? 0.009
65 (43-80) 0.001
50 (30-80)* <0.001

Abbreviation: PWD, P-wave dispersion.
Bold values indicate statistically significant.

21 pairwise comparisons between groups, there is no difference between groups with the same

character.

to the other groups (P < .001, P < .001, P = .001; respectively), no
significant variation was observed among the HD and transplanta-
tion groups (P > .05) (Table 3; Figure 1). The Pmax was significantly
lower in the transplantation group compared to the predialysis
group (P = .009), and no significant variation was observed be-
tween the other groups (P > .05). The Pmin was significantly lower
in the predialysis group compared to the HD group (P =.001), and
no significant variation was observed among the other groups
(P> .05). PWD was significantly increased in the predialysis group
compared to the other two groups (P < .001), while no significant
variation was found between the HD and transplantation groups
(Table 3; Figure 1).

4 | DISCUSSION

In our study, we compared the Tp-e interval, Tp-e/QT ratio, Tp-e/QTc
ratio, QT, QTc interval, and P-wave dispersion between the different
treatment strategies in CKD patients. To our knowledge, there is no
previous direct research compared among their three groups and we
found that the PR, QT and QTc durations were significantly shorter
in the transplantation group compared to the predialysis and HD
groups. Furthermore, the Tp-e interval, Tp-e/QT, Tp-e/QTc ratio, and
PWD were significantly higher in the predialysis CKD group com-
pared to the transplantation and HD groups.

Chronic kidney disease patients are known to be at higher risk
for CVD and also lethal arrhythmias and sudden cardiac death.>%*3
Furthermore, CVD are related to poor clinical endpoints in CKD pa-
tients. This pathology is defined as cardio renal syndrome in which

dysfunction of one organ may trigger the dysfunction of other

organs.13 Cardiovascular abnormalities are commonly evaluated by
echocardiography and ECG. Echocardiography relies on the accessi-
bility of experienced personals, but ECG is a simple, easy, and cheap
noninvasive diagnostic and prognostic method for detection of struc-
tural and functional variations in the heart.®® Early diagnosis in CKD
patients will benefit from aggressive cardio-protective therapies.

The rate of cardiovascular morbidity and mortality varies with
different treatment approaches in CKD. Left ventricular hypertro-
phy is the most encountered cardiac pathology including predialysis
and posttransplantation periods in patients with CKD.}*"¢ In our
study, although Interventricular septum (IVS) was hypertrophic in
all treatment groups, PW was significantly less hypertrophied in the
transplantation group. The reduced left ventricular ejection fraction
and increased LA size have also been noticed to be common be-
tween the CKD patients.*¢ In our study, Left ventricular ejection
fraction (LVEF) was significantly higher and left atrium diameter was
significantly lower in the transplantation group compared to the HD
and predialysis groups.

The ECG changes show the electrophysiological properties
of the myocardium and reflect a combination of dysregulation in
ionic currents, metabolic changes, changes in serum electrolytes
especially dyskalemia, dysmagnesemia, and secondary effects of
drugs in CKD patients."'” Both supraventricular and ventricular
arrhythmias are common in CKD patients receiving HD therapy.'®
Because of rapid changes in volume, electrolyte concentrations
and metabolic abnormalities after dialysis, some ECG changes,
significant arrhythmias, or sudden cardiac death may be seen.’
Prolongation of QRS and QTc interval should be kept in mind after
HD and evaluated carefully in CKD patients.® The study of Deo
et al’’ included 3587 CKD participants and demonstrated that
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FIGURE 1 Imaging of distribution of the repolarization parameters and PWD according to the hemodialysis, predialysis and

transplantation groups

increased heart rate, prolongation of PR and QTc intervals, and
increased QRS duration were independent risk factors for car-
diovascular death. Kollu et al? showed that PWD, QTc dispersion,
Tp-e interval, and Tp-e/QTc ratio increased with CKD stages 3-5
compared with healthy controls. Sherif et al’ showed that ret-
rospective analysis of 154 patients, the advancement of CKD re-
sulted the important prolongation of QTc interval, independent of
age, gender, and electrolyte abnormalities. Our results also sup-
port those of previous studies. The shorter of PR interval, QT and
QTc intervals in the transplantation group and higher of the Tp-e
interval, Tp-e/QT, Tp-e/QTc ratios and PWD in the pre-dialysis
CKD group, might be explained with the effect of accumulating
toxic, metabolic agents in the body.

Waks et al® evaluated studies in CKD patients under HD, al-
though small studies are promising, it is unclear whether ECG
changes in CKD are mechanically associated with sudden cardiac
death or only electrophysiological signs of more progressed CVD
such as severe fibrosis or left ventricular hypertrophy. In the retro-
spective analysis of 205 CKD patients undergoing haemodialysis by
Saour et al?® detected no association with prolongation of Tp-e or

Tp-e/QT on dialysis with sudden cardiac death or all-cause mortality.

Again, in our study, PWD was significantly increased in the pre-
dialysis group (P < .001). PWD was detected in 50 ms in the HD
and transplantation group and 65 ms in the predialysis group. Huang
et al?! showed that an increase in PWD and maximum P-wave time
were related with progression to dialysis or death and a fast decrease
in renal function in predialysis CKD patients. But contradictory to
our work, Tezcan et al?? detected a significant increase in Pmax time
and PWD after HD compared to the predialysis period.

The risk of cardiovascular death is decreased after renal trans-
plantation compared with those on dialysis, but still significantly
higher than the general population especially in first year after the
transplantation.?® The study of Amoozgar et al** showed that in
children with CKD, ventricular repolarization parameters recover
after transplantation, although they still stay longer than the nor-
mal values. Monfared et al?® showed that renal transplantation
decreased maximum QTc interval compared to predialysis and
post-HD that may be related to normalization of electrolytes and
uremic condition.

This study is important, because the different effects of predi-
alysis, HD and renal transplantation were demonstrated by changes

in electrocardiographic parameters in CKD patients. Our study also
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supported the outcomes of most previous clinical researches. In
the literature, there was no study demonstrating the relationship
between the myocardial repolarization values and different treat-
ment strategies in CKD. In our study, Tp-e interval, Tp-e/QT, Tp-e/
QTc ratio, and PWD were significantly higher in the predialysis CKD
group compared with the transplantation and HD groups. Also,
these results were independent of left ventricular mass index, left
atrial volume and left atrial volume index.

4.1 | Study limitations

Our study did not have a large patient population. We measured
the electrocardiographic parameters from computer with magni-
fied images. But this measurement technique has been performed
and accepted in many previous studies. We evaluated the differ-
ent treatment approaches on predictors of arrhythmias, such as
PWD, QTc, Tp-e, and Tp-e/QT in CKD patients, but we could not
perform a long-term ambulatory cardiac rhythm analysis and fol-
low the arrhythmic events. Also, possible effects of immunosup-
pressive drugs used by the patients in the transplantation group
were not considered. Another limitation of our study is that am-
bulatory electrocardiographic monitoring cannot applied to detect
paroxysmal AF attack and evaluate the dynamic change of repo-

larization parameters.

5 | CONCLUSION

Myocardial repolarization parameters (Tp-e interval, Tp-e/QT and
Tp-e/QTc ratio) and P-wave dispersion increased in predialysis CKD
patients compared with transplantation and HD patients. However,
the PR, QT, and QTc intervals were significantly shorter in the trans-
plantation group compared to other groups. Our results may suggest
that the predialysis group is at most increased risk for the ventricu-
lar arrhythmias and least increased risk for the transplant patients.
The prognostic significance and prediction of these parameters in
arrhythmic events in CKD patients requires further evaluation with

long-term follow-up and large-scale prospective studies.
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