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Original Investigation/Ozgiin Arastirma

Evaluation of Cardiac Repolarization and Serum Electrolytes
in Pre-Dialytic Stages of Chronic Kidney Disease

Kronik Bobrek Hastaligimin Diyaliz Oncesi Evrelerinde Kalp
Repolarizasyonu ve Serum Elektrolitlerinin Degerlendirilmesi

ABSTRACT

OBJECTIVE: Patients with chronic kidney disease (CKD) have increased risk for cardiac arrhythmias.
Other than comorbidities like diabetes mellitus and cardiovascular disease, factors like acidosis,
uremia and electrolyte imbalance may contribute to this risk. The aim of this study was to evaluate
electrocardiography (ECG) measurements of ventricular repolarization and search for related clinical
features like serum electrolytes that may indicate a risk for arrhythmias in patients with pre-dialytic
CKD.

MATERIAL and METHODS: The study included 107 patients with stage 3-5 CKD and 49 healthy
individuals. ECG parameters; QT, QTc, Tp-e, Tp-e/QT and Tp-e/QTc were measured on ECG recordings
from all participants. Clinical features and serum electrolyte values were recorded.

RESULTS: Mean QTc of patients were higher than healthy controls (p=0.008). We found positive
correlations with QTc measurements and serum magnesium and phosphorus levels. We demonstrated
that Tp-e, Tp-e/QT and Tp-e/QTc were negatively correlated with potassium levels (p=0.023, 0.042,
0.013). Regression for clinical features revealed no other relation for these correlations.

CONCLUSION: Measuring ECG parameters may help to identify additional risk factors for
arrhythmogenesis. We found increased QTc measurements in pre-dialytic CKD patients who were
younger than in previous studies. Tp-e, Tp-e/QT and Tp-e/QTc were negatively correlated with serum
potassium. Electrolyte imbalances like hypokalemia might unravel the susceptibility for arrhythmias
in CKD patients.
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AMAC: Kronik bobrek hastaliginda (KBH) kardiyak aritmi riski artmistir. Diyabet ve kardiyovaskiiler
hastalik gibi komorbiditeler disinda, asidoz tiremi ve elektrolit bozuklugu gibi faktorler de bu riske
katkida bulunur. Calismanin amaci, diyaliz 6ncesi KBH evrelerinde elekrokardiyografik (EKG)
ventrikiiler repolarizasyon Olciitlerini degerlendirmek ve elektrolit bozuklugu gibi bunlara etki
edebilecek klinik 6zellikleri saptamaktir.

GEREC ve YONTEMLER: Calismaya evre 3-5 KBH tanili 107 hasta ve 49 saglikli kontrol dahil
edildi. Ttiim katilimcilardan EKG parametreleri; QT, QTc, Tp-e, Tp-e/QT ve Tp-e/QTc dl¢iimii yapild.
Klinik 6zellikler ve serum elektrolitleri kaydedildi.

BULGULAR: Hastalarin ortalama QTc degeri kontrollerden daha yiiksekti (p=0.008). QTc dl¢timleri
ile serum magnezyum ve fosfor seviyeleri arasinda pozitif korelasyonlar bulduk. Tp-e, Tp-e/QT and
Tp-e/QTc dlglimlerinin serum potasyum seviyeleri ile negatif korele oldugu goriildii (p=0.023, 0.042,
0.013). Klinik ozelliklerle yapilan regresyon analizlerinde, bu korelasyona etki eden ilave faktor
saptanmadi.

SONUC: EKG parametrelerinin ol¢iimii aritmogenez icin ilave risk faktorlerinin tanimlanmasina
yardimei olabilir. Diyaliz 6ncesi KBH hastalarinda, gecmisteki caligmalardan daha geng bir hasta
popiilasyonu ile artmig QTc dl¢iimleri saptadik. Tp-e, Tp-e/QT ve Tp-e/QTc 6l¢iimleri serum potasyum
seviyeleri ile negatif korele idi. Hipokalemi gibi elekrolit denge bozukluklarinin, KBH hastalarindaki
kardiyak aritmilere olan duyarlilig1 agiga ¢ikarabilmesi miimkiindiir.

ANAHTAR SOZCUKLER: Kardiyak repolarizasyon, Kronik bobrek hastaligi, Tp-e intervali, QTc,
Potasyum
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INTRODUCTION

Cardiovascular disease (CVD) is the main cause of death
in patients with chronic kidney disease (CKD). The outcomes
of CVD and cardiac failure worsen as CKD patients progress
to end stage renal disease (ESRD). Cardiac arrhythmias are
among these vex outcomes which may lead to sudden cardiac
death (SCD) (1,2). While making the effort for diagnosis and
treatment of CVD in CKD, preventive approaches against
other complications like cardiac dysrhythmias should not be
put on the back burner. Measuring intervals of repolarization
on the electrocardiogram (ECG) may be helpful to determine a
potential risk for cardiac arrhythmias (3,4). In this manner, we
may be able to detect patients with CKD who are more prone
to fatal arrhythmias and SCD with a quite simple methodology.

Prolongation of repolarization parameters on ECG can be
associated with cardiac arrhythmias and SCD. These parameters
are measurements of QT, QTc (corrected QT) and Tp-e intervals,
Tp-e/QT and Tp-e/QTc ratios, all of which were shown to be
associated with increased risk for ventricular arrhythmias
(3.5.6).

Other than ischemic cardiomyopathy and myocardial
fibrosis, factors like electrolyte imbalance, metabolic acidosis,
uremic toxins, use of proarrhythmic drugs and elevated blood
pressure may also induce cardiac arrhythmias in patients with
CKD (2,3). Therefore, the aim of this study was to evaluate the
ECG measurements of ventricular repolarization and search for
related clinical features like serum electrolyte levels that may
indicate a potential risk for fatal arrhythmias or SCD in patients
with pre-dialytic CKD.

MATERIAL and METHODS
Study Group Selection

The study groups were 107 patients with stage 3 to 5 CKD
(55 male, 52 female; mean age: 56.8+14.3 years) diagnosed by
Department of Nephrology at Sutcu Imam University Faculty of
Medicine in Kahramanmaras, Turkey; and, 49 age- and gender-
matched healthy volunteers (23 male, 26 female; mean age:
49.1+14 4 years). Patients on maintenance hemodialysis and
chronic peritoneal dialysis programs, patients with abnormal
thyroid function tests, heart failure, valvular disease, atrial
fibrillation, bradycardia (<60 bpm), tachycardia (>100 bpm) and
those who had undergone cardiac revascularisation procedures
within a year were excluded from the study. Patients who had
widened QRS or volrage criteria for left ventricular hypertrophy
on ECG and those taking antiarrhythmic (procainamide,
flecainide, amiodarone, digoxin, etc.), antipsychotic and
antidepressant medication were also excluded. The leading
etiology for CKD in the patient group was diabetes mellitus
(DM) (39.2%), followed by hypertension (HT) (33.6%),
glomerulonephritis (11.2%) and polycystic kidney disease
(7.4%). The study was conducted between August 2016 and

April 2017. With the informed consent of all participants, the
study was approved by the local ethics review board.

ECG Measurements

A 12-lead ECG recording with a speed of 50 mm/s was
obtained from all participants. Intervals of RR, QT, and Tp-e
were measured in precordial lead V.. When an artifact was
present on ECG, the alternative lead V, was used. The Bazett
formula (QT/VRR) was used to calculate the QTc for adjusting
QT to heart rate. Any QTc > 450 ms was considered as
prolonged QTc (6,7). Tp-e was measured on the isoelectric line
as the distance between the projection of the peak of the T wave
and the intersection point of the tangent of the descending limb.
Tp-e/QT and Tp-e/QTc ratios were also recorded along with
these measurements.

Clinical Data Collection

Any CKD patient with acute kidney injury was either
excluded from the study or included after the decrease of serum
creatinine to baseline levels. Comorbid conditions of CKD
patients like DM, HT and CVD were noted. Blood pressures
were recorded and serum and urine samples for laboratory
values were obtained at the time of ECG. Estimated GFR
(glomerular filtration rate) was calculated based on the MDRD
(Modification of Diet in Renal Disease) formula {GFR = 186.3
X (serum creatinine™ %) X (age*2%) X (0.742 for females)} for
each patient with CKD (8). Stage of CKD (3 to 5) and use of
medication (antihypertensives, calcium containing phosphate
binders, sodium bicarbonate) were also recorded.

Statistical Analysis

Data were analyzed using the SPSS software (Statistical
Package for the Social Sciences, version 19.0, SPSS inc.,an IBM
Co., Somers, NY). Values were expressed as mean =+ standard
deviation (SD) or percentages. Student’s t test or chi-square test
was used to analyze results for categorical variables. The Mann-
Whitney U test was used to analyze results for non-categorical
variables. Pearson and Spearman correlation tests were used for
correlation analysis. Linear regression analysis was performed
with enter method. The distribution of the dependent variables
used in linear regression was normal. A p value that was <0.05
was accepted as statistically significant.

RESULTS
ECG Parameters

The mean QT, QTc and Tp-e intervals of 107 patients with
stage 3-5 CKD were 369.5+35.7, 409.3+£30.3 and 72.2+11.9
ms respectively. The mean Tp-e/QT and Tp-e/QTc ratios of the
patient group were 0.19+0.03 and 0.17+0.03 ms. Meanwhile, the
mean QT, QTc and Tp-e intervals of the 49 healthy individuals
were 371.8+32.6, 397.3£22.9 and 70.7+10.6 ms respectively.
The mean Tp-e/QT and Tp-e/QTc ratios of the control group
were 0.20+£0.09 and 0.17+0.02 ms. When the patient and control
groups were compared for these ECG parameters, the mean QTc
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of the patient group was significantly higher than the control
group (p = 0.008). The differences in all other parameters were
not significant. Minimum and maximum values measured
for Tpe, QT and QTc were 44/98, 260/480 and 346/483 ms
respectively. The comparison of CKD patients and healthy
controls in terms of demographic features and mean ECG
parameters are presented in Table I.

Clinical Data
Forty-two (39.3%) of the total 107 CKD patients had a

diagnosis of DM, 63 (58.8%) were diagnosed as HT and 21
(19.6%) had proven CVD. Forty-nine (45.7%) of the patients

were using calcium channel blockers and 43 (25.2%) were
on renin-angiotensin system blockers. The mean systolic
and diastolic blood pressure readings at the time of the ECG
recording were 140+25.6 and 81.1+10.2 mmHg respectively.
Mean GFR of the patient group was 24.5 mL/min according to
the MDRD formulation. Clinical features and laboratory findings
of the patient group including serum levels for electrolytes are
shown in Table II.

Comparison of ECG Parameters and Clinical Data

ECG measurements of CKD patients (QT, QTc and Tp-e
intervals, Tp-e/QT and Tpe/QTc ratios) were not different

Table I: Demographics and ECG parameters of CKD patients and healthy controls.

Variable Patients (n=107) Controls (n=49) P
Age (years) 56.8+14.3 49.1+14 4 0.84
Gender (male/female) 55/52 23/26 0.68
Body mass index (kg/m?) 26.5+4.7 27.6+5.2 0.67
QT (ms) 369.5+35.7 371.8+32.6 0.25
QTc (ms) 409.3+30.3 397.3£229 0.008
TP-e (ms) 722+11.9 70.7+£10.6 0.22
TP-e/QT 0.19+0.03 0.20+0.09 0.19
TP-e/QTc 0.17+0.03 0.17+0.02 0.59
Table II: Clinical features and laboratory values of the patient group (n=107).
Variable n (%) Variable Meanx=SD
DM 42 (39.3) SBP (mm Hg) 140+25.6
HT 63 (58.8) DBP (mm Hg) 81.1x10.2
CVD 21 (19.6) Creatinine (mg/dL) 2714
CKD Stage 3/4/5 34 (31.7) /48 (44.8) /24 (22.4) Hemoglobin (g/dL) 11.9+2
CCB 49 (45.7) Potassium (meq/L) 4.6£0.7
RASB 43 (252) Calcium (mg/dL) 8.9+0.7
Diuretic 35(32.7) Phosphorus (mg/dL) 3.7+1
BB 31 (29) Magnesium (mg/dL) 1.9+04
Phosphate binder 19 (17.8) Uric acid (mg/dL) 7.1+1.8
NaHCO, capsules 64 (59.8) Bicarbonate (meq/L) 21.4+3.6
UPCR (mcg/mg) 73.5£35.5
eGFR (mL/min) 24 5+11.1

DM: Diabetes mellitus, HT: Hypertension, CVD: Cardiovascular disease, CKD: Chronic kidney disease, CCB: Calcium channel blockers,
RASB: Renin-angiotensin system blockers, BB: Beta blockers, SBP: Systolic blood pressure, DBP: Diastolic blood pressure, UPCR: Urine

protein-creatinine ratio, eGFR: Estimated glomerular filtration rate.
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in terms of age, gender, CKD, blood pressure and use of
antihypertensives or phosphate binders. The mean QT, QTc and,
Tp-e measurements and, Tp-e/QT and Tp-e/QTc ratios of the
diabetic subgroup were not different from the non-diabetics.
When we compared the mean data of ECG measurements for
patients with or without proven CVD, the length of QTc interval
showed significant difference only. The mean QTc of CKD
patients with proven CVD was higher than those without CVD
(423.6+27.5 > 405.7+£30.0, p = 0.015). Fourteen (13%) CKD
patients had prolonged QTc and this result did not reveal any
significance compared to any of the variables.

Serum levels of creatinine, haemoglobin, potassium,
calcium, phosphorus, magnesium, uric acid, bicarbonate and,
level of proteinuria and estimated GFR of the CKD patients were
analyzed along with their ECG measurements. No relationship
was found between the ECG parameters and any of the variables;
creatinine, haemoglobin, calcium (corrected to albumin), uric
acid, bicarbonate, urine protein/creatinine ratio and estimated
GFR. The mean QT and QTc of patients that were taking
diuretics were higher than those who were not (379.9+36.8 >
362.8+33.5,p=0.015and 421.5+30.6 > 401.3+27.4,p=0.001).

Twenty (18.7%) of the patients had hypermagnesemia (serum
magnesium > 2.3 mg/dL). The length of QT and QTc intervals
on ECG were positively correlated with serum magnesium
levels (p = 0.012 and 0.019 respectively). Linear regression
analysis with different variables revealed that 23.4 and 21.8%
of the length of the QT and QTc intervals could be explained by
the increase in serum magnesium levels and, 19.8% and 17.8%

of the length of QT and QTc intervals could be explained by
the presence of proven CVD. There was a significant positive
correlation between the serum phosphorus level and QTc
interval (p = 0.007). Multiple regression analysis for this result
revealed that 16.1% of the correlation between QTc interval and
serum phosphorus level could be explained with the presence of
proven CVD.

The length of Tp-e interval and Tp-e/QT and Tp-e/QTc
ratios in the patient group were negatively correlated with serum
potassium levels (p= 0.023, 0.042 and 0.013 respectively).
Multiple linear regression analysis revealed no significant
association for different independent variables. Univariate
associates of ECG parameters in CKD patients are presented in
Table III.

DISCUSSION

Since CKD and heart disease usually coexist and contribute
to the pathophysiology of one and other, striving against
cardiorenal syndrome and CVD in patients with CKD requires
an elaborative and multidisciplinary approach. Evaluation of
measurements of repolarization on ECG to identify the potential
risks for fatal arrhythmias could provide clinically useful
information for the CKD population.

The QT interval is a measurement between the start of the Q
wave and the end of the T wave on ECG. It is the electrical activity
that reflects ventricular depolarization and repolarization. The
QT interval shortens at faster heart rates and it can be adjusted
to the heart rate using formulations (i.e. Bazett’s, Fredericia’s

Table III: Univariate associates of ECG parameters in CKD patients.

QT QTc TP-e TP-¢/QT TP-e/QTc

Variable r p r p p r p r p

Age -0.002 | 0982 | 0.144 | 0.139 | -0.057 | 0.561 -0.60 0.537 0.003 0.972
Creatinine 0.107 | 0272 | 0.186 | 0.056 | 0.018 0.853 -0.141 0.674 -0.112 0.253
Hemoglobin -0.019 | 0.846 | -0.158 | 0.103 | -0.062 | 0.526 -0.58 0.556 -0.005 0.959
Potassium -0.081 | 0404 | -035 0.72 -0.220 | 0.023 -0.197 0.042 -0.239 0.013
Calcium -0.75 | 0441 | -0.188 | 0.053 -0.58 0.553 -0.004 0.966 0.029 0.770
Phosphorus 0.189 | 0.052 | 0.259 | 0.007 | -0.018 | 0.856 -0.137 0.160 -0.137 0.176
Magnesium 0243 | 0.012 | 0.228 | 0.019 | 0.075 0.446 -0.073 0.459 0.072 0.466
Uric acid 0.000 | 0993 | -0.154 | 0.114 | 0.131 0.177 0.142 0.145 0.169 0.081
Bicarbonate 0060 | 0543 | 0.153 | 0.119 | 0.096 0.327 0.070 0479 -0.032 0.746
Albumin 0024 | 0809 | -0.84 | 0389 | -0.047 | 0.634 -0.061 0.535 0.036 0.713
UPCR 0.126 | 0206 | 0.091 0.36 -0.003 | 0.975 -0.082 0410 -0.071 0.474
eGFR 0012 | 0.898 | -0.132 | 0.174 | -0.022 | 0.823 -0.039 0.692 0.131 0.179

UPCR: Urine protein-creatinine ratio, eGFR: Estimated glomerular filtration rate.
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or Framingham) to form the QTc. The length of a normal QTc
interval measures 350 to 440 ms in men and 350 to 460 ms in
women on a standard ECG which is less than half the of RR.
Prolongation of QT (or QTc) interval indicates a potential risk
of ventricular arrhythmias and SCD (6,7.9).

While the QT interval reflects the dispersion of ventricular
depolarization and repolarization, the Tp-e interval on ECG
indicates the distribution of the repolarization process only. The
peak of T-wave on ECG represents the point when epicardial
repolarization ends and the end of T-wave which points to
midmyocardium represents total myocardial repolarization. So,
the Tp-e interval reflects transmural dispersion of repolarization
(5,10,11). Some studies refer to Tp-e as a measure that represents
a global, rather than the transmural dispersion of repolarization.
If so, Tp-e interval on ECG could only be a surrogate parameter
providing trifle information over that of QT interval in terms of
identifying a risk for arrhythmias like ventricular tachycardia
(10,12,13). Nevertheless, prolongation of Tp-e interval
(amplified dispersion of repolarization) on a standard ECG was
set out to be an indicator for cardiac arrhythmias in many studies
(3.5,14,15).

The possible advantage of measuring the Tp-e interval
is that the increases in Tp-e and QT intervals are not always
proportional. When the measurements are accurate, this
parameter could be more useful in terms of determining
repolarization abnormalities. Since the Tp-e and QT intervals
are increasing with larger body sizes and decreasing with faster
heart rates, another ECG parameter, the Tp-e/QT ratio which is
downsized to a more narrow range of values was asserted to be a
more sensitive index for arrhythmogenesis (16-18).

In the current study, we evaluated the measurements of ECG
intervals that are related to dispersion of cardiac repolarization
(QT, QTc, Tp-e, Tp-e/QT, Tp-e/QTc) in 107 patients with
stage 3-5 CKD and 49 healthy individuals. The mean QTc was
significantly higher in the patient group compared to healthy
controls (p=0.008). Prolongation of QTc on ECG measures is a
predictor for cardiovascular mortality and SCD among patients
with CKD and in the general population as well (4,9,19).
Previous studies already demonstrated that the length of QT and
QTc intervals are more prolonged in CKD patients compared to
the general population. Yet, we have a younger patient population
than many of these studies which included elderly patients
with CKD (20-22). Therefore, our result could be interpreted
as another indicator of the increased risk for arrhythmias in the
CKD population with a younger age distribution.

Electrolyte imbalances may easily induce cardiac arrhythmias
in CKD patients who are already prone to CVD (3,22). QT
prolongation and ventricular arrhythmias may frequently be in
association with low magnesium levels (7,9,23). Oddly enough,
we found a positive correlation between serum magnesium levels
and the length of QT and QTc intervals in patients with CKD (p=
0.012 and 0.019 respectively). Together with multiple regression

analysis, we observed that the QT values of our patients with
a history of CVD might be interfering with this correlation.
Accordingly, we think that coinciding hypermagnesemia and
CVD in the study population is the reason for this result. Recent
studies suggest that high serum magnesium levels may even
be protective against vascular calcification (23,24). After all,
hypermagnesemia is a common condition among patients with
CDK and the ECG manifestations of hypermagnesemia could
be just like those we observe in hyperkalemia (i.e. prolonged
PR, increased QT and peaked T wave) (25). Therefore,
hypermagnesemia may not be an innocent bystander in
terms of arrhythmogenesis in patients with CKD but such an
assumption sure needs to be validated. We did not find any
relation between ECG parameters and serum levels of calcium,
uric acid or bicarbonate in patients with CKD. Again the QTc
interval was positively correlated with serum phosphorus levels
(p=0.007). This relation could be conceived as a reflection of
hyperphosphatemia on CVD and vascular calcification (4,26).

It is not easy to state whether CKD itself is associated
with cardiac repolarization abnormalities or is due to the
accompanying comorbid conditions. Sherif et al. demonstrated
a significant increase in measurements of QTc in stage 2 to 5
CKD patients along with the progression of the disease, but
the increase in Tp-e measurements was not significant. They
attended to exclude the CKD patients with structural heart
disease and electrolyte imbalance. However, their study was
retrospective and also included the patients on maintenance
hemodialysis (27).

The effect of serum electrolyte levels on alteration of cardiac
repolarization can ideally be revealed by comparing ECG
measurements after rapid transmembrane electrolyte changes. A
study by Scherr et al. revealed an association with increased QT
and Tp-e intervals and hypokalemia and hypomagnesemia after
excessive exercise consisting of participating in a marathon (28).
Patients on maintenance hemodialysis may be prone to fatal
arrhythmias just after hemodialysis as well. Rapid electrolyte
shifts from tubuloinerstitium during hemodialysis treatment
may quite likely change the length of Tp-e and QT intervals
and increase the risk for ventricular arrhythmias. These patients
also have increased risk of arrhythmias before the session of
a routine hemodialysis due to volume overload, metabolic
acidosis and increased serum potassium (4,29,30). Therefore,
we did not include patients on chronic hemodialysis program
in this study. It would be more reasonable to evaluate chronic
hemodialysis patients in a separate study for measurements of
impaired repolarization on ECG.

There are not many studies that evaluated the Tp-e interval
and Tp-e¢/QT and Tp-e/QTc ratios in the CKD population.
Although their results were hardly significant, Kalantzi et al.
demonstrated increased Tp-e interval and Tp-e/QT ratio in
patients with end stage renal disease (ESRD) after a session of
hemodialysis (31). On the contrary, another study by Monfared
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et al. revealed a decrease in Tp-e/QT ratio (not in Tp-e) after
a haemodialysis session. It is noteworthy that both ECG
parameters were significantly decreased in the same patient
group after renal transplantation (5). The mean Tp-e interval
values of ESRD patients or healthy controls in different studies
were not consistent with each other (5,27,31,32). The reasons
for this heterogeneity of the results could be the retrospective
nature of the studies, small sample size, variation of heart rate
and also measurement bias. Since Tp-e is a very short interval on
ECG, it requires an attentive measurement.

Even though the mean Tp-e value of our patient group
was higher than that of the healthy control group (72.2+11.9
> 70.7£10.6 ms), the difference did not reach significance.
Measuring Tp-e intervals in a larger group of pre-dialytic CKD
patients might reveal a significant difference over healthy
individuals. Our results showed a negative correlation between
serum potassium levels with the Tp-e interval and Tpe/QT
and Tpe/QTc ratios (p = 0.023, 0.042 and 0.013 respectively).
Adjusting for many variables including other laboratory values,
DM, HT and CVD showed that none of them were confounding
to this correlation.

Depolarization of the myocytes is initiated by cardiac
sodium channels (action potential upstroke due to sodium
influx), which leads to voltage-gated calcium channel activation
and muscle contraction. Besides, the repolarization process
occurs following the outward current generated by the voltage-
gated potassium channels (33,34). Hyperkalemia turns out to
be the most important electrolyte imbalance that could cause
SDC in patients with ESRD but it is generally well tolerated
during the pre-dialytic stages of CKD (2,19). On the other
hand hypokalemia, usually accompanied by hypomagnesemia,
may also pose a threat by altering ventricular repolarization
and increasing action potential duration in patients who are
susceptible to arrhythmias (4,35). Luckily, mildly increased
serum potassium and magnesium levels could be protective
against this impaired repolarization in pre-dialytic CKD (3,33).

We must keep in mind that a hypokalemic state may also
become evident in patients with CKD due to renal tubular
acidosis, post-obstructive diuresis and administration of
diuretics, insulin or drugs that could damage the renal tubular
epithelium. The negative correlation we found between Tp-e
interval and serum potassium levels manifests a relation between
cardiac repolarization abnormalities and electrolyte imbalance.
The higher mean QT and QTc values we found in the patients
taking diuretics is another result supporting our hypothesis. We
infer that hypokalemia might facilitate arrhythmogenesis in
patients with CKD.

A limitation to our study could be the sample size. A
larger group of CKD patients might have revealed increased
Tp-e interval and Tp-e/QT and Tp-e/QTc ratios compared to
healthy controls along with the significantly increased QTc

measurements. Another limitation could be the effect of other
comorbid conditions on cardiac repolarization that we were not
able to detect in patients with pre-dialytic CKD.

CONCLUSIONS

Patients with CKD have increased risk for arrhythmias
and SCD. In this study we showed that QTc measurements
were increased in stage 3-5 CKD patients who were younger
than many of the previous studies. We found that Tp-e interval
and Tp-e/QT and Tp-e/QTc ratios, which are promising ECG
parameters to indicate cardiac repolarization abnormalities,
were negatively correlated with serum potassium levels and
these correlations did not reveal any associations with other
variables after regression analysis.

There is no doubt that the risk factors for fatal arrhythmias
and SCD in the general population will coincide with risk
factors for CVD. However, identifying these risk factors in
the CKD population could be more complex. This is because
of the additional factors such as electrolyte imbalance or acid-
base disorders which may also contribute to arrhythmogenesis.
Hypokalemia must not be overlooked in patients with CKD
because it might unravel the susceptibility for ventricular
arrhythmias.
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