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An Evaluation of Tp-e Interval and its
Associations with Electrolyte Imbalances in
the Electrocardiography of Elderly Patients
on Hemodialysis

Yasli Hemodiyaliz Hastalarinin Elektrokardiyografisinde
Tp-e Araliginin ve Elektrolit Bozukluklar ile lliskisinin
Degerlendirilmesi

Abstract

Aim: Sudden cardiac death (SCD) due to arrhythmias is a major cause of death in elderly patients
on hemodialysis (HD). It has been found that prolonged Tp-e interval (Tpe) on electrocardiography
(ECG) and increased Tpe/QTc ratio are strongly associated with SCD. In this study, we aimed to inves-
tigate the effects of changes in serum electrolyte levels on the pre- and post-HD ECG parameters,
particularly Tpe.

Methods: The study included 160 HD patients (with no disease or medication known to affect the
QT interval) and 80 age- and sex-matched controls with normal kidney functions. All participants
were aged 55 years or older. Pre- and post-HD serum electrolyte values and ECG recordings were
obtained. The heart rate, QRS interval, QTc, Tpe, and Tpe/QTc values were calculated. The pre-HD
data were compared with the post-HD data as well as with controls.

Results: The pre- and post-HD Tpe (p<0.001 for both comparisons) and Tpe/QTc (p=0.024 and
p<0.001, respectively) values were significantly higher in the HD group than in the control group.
The post-HD Tpe and Tpe/QTc values were significantly increased compared to the pre-HD values
(p<0.001 for each comparison). The pre-HD Tpe was longer in patients with hypocalcemia or hy-
perphosphatemia than in normocalcemic and normophosphatemic patients (p=0.04 for both data-
sets). ATpe was significantly correlated with Acalcium (r=-0.19, p=0.02) and Aphosphorus (r=-0.23,
p=0.004).

Conclusion: In the elderly patients on HD, Tpe, which was prolonged before HD, was even more
prolonged after HD. Hypocalcemia and hyperphosphatemia may be among the underlying factors.
Keywords: electrocardiography; hemodialysis; sudden cardiac death; Tpe interval; Toe/QTc ratio

Oz

Amag: Aritmilere bagli ani kardiyak 6lim (AKO), yasli hemodiyaliz (HD) hastalarinda baslica 6lim
nedenlerindendir. Elektrokardiyografide (EKG) uzamis Tp-e araligi (Tpe) ve artmis Tpe/QTc orani ile
AKO arasinda guclu bir iliski oldugu bulunmustur. Bu calismada serum elektrolit diizeylerindeki de-
gisikliklerin HD 6ncesi ve sonrasl EKG parametreleri, 6zellikle de Tpe Uzerindeki etkilerini arastirmak
amaclanmistir.

Yoéntem: Calisma (QT araligini etkiledigi bilinen bir hastaligi veya ila¢ kullanimi olmayan) 160 HD has-
tasl ve normal bdbrek fonksiyonlarina sahip, yas ve cinsiyet uyumlu 80 kontrol icerdi. Tum katilim-
cilar 55 yas ve Uzeri idi. HD 6ncesi ve sonrasl serum elektrolit degerleri ve EKG kayitlari elde edildi.
Kalp hizi, QRS araligi, QTc, Tpe ve Tpe/QTc degerleri hesaplandi. HD dncesi veriler, HD sonrasi veriler
ve kontroller ile karsilastirildi.

Bulgular: HD 6ncesi ve sonrasi Tpe (iki karsilastirma icin de p<0,001) ve Tpoe/QTc (sirastyla p=0,024
ve p<0,001) degerleri kontrol grubuna kiyasla HD grubunda anlamli bicimde daha yuksekti. HD
sonrasi Tpe ve Tpe/QTc degerleri, HD dncesi degerlere kiyasla anlamli bicimde artmisti (her karsi-
lastirma icin p<0,001). HD &ncesi Tpe, hipokalsemi veya hiperfosfatemili hastalarda normokalsemik
ve normofosfatemik hastalara gére daha uzundu (iki veri grubu icin de p=0,04). ATpe, Akalsiyum
(r=-0,19; p=0,02) ve Afosfor (r=-0,23; p=0,004) ile anlamli sekilde koreleydi.

Sonug: Yasl HD hastalarinda HD éncesinde uzamis olan 7pe, HD'den sonra daha da uzamisti. Hipo-
kalsemi ve hiperfosfatemi buna neden olan faktérlerden olabilir.

Anahtar Sézciikler: ani kardiyak 6lim:; elektrokardiyografi; hemodiyaliz; Tpe araligi; Toe/QTc orani
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INTRODUCTION

Chronic kidney disease (CKD) is one of the most prev-
alent diseases, affecting 13.4% of the world population,
and has a strong and well-established association with
cardiovascular death (1).

Hemodialysis (HD) is globally the most common
type of renal replacement treatment. Sudden cardiac
death (SCD) is the most common form of cardio-
vascular disease-related death in the HD population
(2,3), with an increasing incidence with age (4). It is
well known that acute and chronic imbalances in se-
rum electrolyte levels promote atrial and ventricular
arrhythmias (5). In patients on HD, serum electrolytes
such as potassium, calcium, magnesium, and phos-
phorus, which have potential effects on myocardial
contractility, may deviate from the normal range and
sometimes reach critical limits. Moreover, the uremic
environment in HD patients may have an additive
effect on arrhythmias (6). These hazardous states be-
come more important in a long HD-free period (ie.,
the Friday to Monday interval). Studies have shown
that mortality and morbidity are higher in the long
HD-free weekend interval (7).

Electrocardiography (ECG), is a well-established,
cheap, accessible, and easy method for evaluating
changes of cardiac electrical activity. Recently, Tp-e
interval (Tpe), which is defined as the interval from
the peak to the end of the T wave, has been found to
be associated with SCD (8). Prolonged Tpe is assumed
to be an ECG sign of transmural dispersion of repo-
larization (9). Several studies reported that prolonged
Tpe and the Tpe/corrected QT (QTc) ratio were associ-
ated with malignant ventricular arrhythmias (10,11).
In this study, we aimed to investigate whether HD and
associated electrolyte imbalances affected the Tpe and
Tpe/QTc values in elderly patients.

I
MATERIALS AND METHODS

The cross-sectional included 160 (93 males, 67 fe-
males) consecutive HD patients at the age of 55 years

and over, with a mean age of 64.80+7.09 years. The
control group consisted of 80 (40 males, 40 females)
age- and sex-matched patients with normal renal func-
tions, the mean age of whom was 63.10+£6.87 years.
Only patients on HD three times a week for at least 12

months were included in the HD group, and the mean
duration of HD was 65+38 months. We excluded pa-
tients with severe coronary artery disease, ejection
fraction of <%50, severe heart valve disease, complete
or incomplete branch block, atrial fibrillation, resistant
or uncontrolled hypertension, acute infections, hypo-
and hyperthyroidism, and hepatitis B or C infection.
We also excluded patients fitted with a pacemaker and
those on any medication that could have an impact on
QT interval, such as anti-arrhythmic agents, antide-
pressants or inotropic drugs. Participant demograph-
ics were collected.

The study was designed to be performed in the
days following the HD-free weekend interval. Pre-and
post-HD blood samples were collected and pre- and
post-HD ECG recordings were obtained. All patients
received a standard HD prescription for the HD ses-
sion on the study day. The dialysate solution consisted
of glucose (1 g/L), bicarbonate (32 mmol/L), sodium
(140 mmol/L), potassium (2 mmol/L), chloride (111
mmol/L), calcium (1.25 mmol/L), and magnesium (0.5
mmol/L).

The pre- and post-HD serum electrolyte (potas-
sium, phosphorus, calcium), creatinine and blood
urea nitrogen levels were retrieved from the HD re-
cords. Standard echocardiographic evaluations in the
parasternal and apical positions were also performed.
Ejection fraction was calculated by using the modified
Simpson method.

Tpe measurements
Using standard protocols (supine position, 10 mm/V
electrical activity, 25mm/sec writing rate), 12-lead elec-
trocardiograms were recorded 10 min before and im-
mediately after (not exceeding 15 min) the HD session
by an experienced technician and evaluated by an ex-
perienced cardiologist, independent of the clinical data.
Tpe was determined as the interval between the
peak and the end of the T wave. The end of the T wave
was defined as the intersection between the tangent of
the descending limb of the T wave and the isoelectric
line. At least five consequent T-waves were analyzed in
precordial leads. The mean values of the data were ob-
tained. A high-resolution camera was used to magnify
T-waves for calculation. The QT interval was measured
from the beginning of the QRS complex to the end of
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Table 1. Demographic and laboratory characteristics

The HD group (n=160)

The control group (n=80)

Age (years), mean+SD

Sex (male), n (%)
Hypertension, n (%)

Diabetes mellitus, n (%)
Smokers, n (%)

LVEF (%), mean+SD
Hemoglobin (g/dL), mean+SD
Platelets (x10°/pL), mean+SD
WBC (x10°/pL), mean+SD
Albumin (g/dL), median (IR)
Total protein (g/dL), median (IR)

64.80+7.09 63.10+6.87 0.11
93 (58.1) 40 (50) 0.29
66 (41.3) 28 (35) 0.29
56 (35) 20 (25) 0.20
45 (28.1) 25 (31.2) 0.62
61.31+3.18 61.20+3.28 0.81
11.04+1.87 13.25+2.38 0.04
204.10+64.61 221.32457.27 0.12
7.44+2.26 7.50+3.08 0.16
3.81 (3.40-3.90) 4.11+0.41 0.03
6.60 (6.30-7.00) 7.12+0.81 0.08

IR: interquartile range; LVEF: left ventricular ejection fraction; SD: standard deviation; WBC: white blood cell

Table 2. The pre- and post-HD values (mean+standard deviation) as compared to the control values

Pre-HD (1) Post-HD (2) Control (3) p(1-3) p(2-3) p(1-2)
Urea (mg/dL) 134.76+32.13 40.53+14.99 33.88+9.12 <0.001 0.001 <0.001
Creatinine (mg/dL) 7.59+2.42 2.91+1.18 0.87+0.21 <0.001 <0.001 <0.001
Potassium (mmol/L) 5.44+0.75 3.58+0.46 4.19+0.45 <0.001 <0.001 <0.001
Phosphorus (mg/dl) 5.08+1.38 3.43+0.52 3.26+0.63 <0.001 0.21 <0.001
Calcium (mg/dl) 8.77+0.79 9.43+0.51 9.63+0.48 <0.001 <0.001 <0.001
Heart rate (beat/min) 77.06+12.64 80.91+12.99 78.00+8.05 0.52 0.06 <0.001
QRS interval (ms) 87.02+14.09 88.30+13.73 87.51+£13.98 0.82 <0.001 0.006
QTc interval (ms) 420.30+37.72 414.11+44.02 395.35+30.96 <0.001 0.001 0.06
Tpe (ms) 73.64+9.61 81.09+10.20 66.1317.44 <0.001 <0.001 <0.001
Tpe/QTc ratio 0.18+0.02 0.20+0.03 0.17+0.02 0.024 <0.001 <0.001

Table 3. Correlation analysis of the ATpe and laboratory results

Table 4. Correlation analysis of the AQTc and laboratory results

ATpe AQTc

r coefficient p value r coefficient p value
Age 0.13 0.11 Age 0.02 0.79
Aurea -0.85 0.28 Aurea 0.17 0.03
Acreatinine -0.11 0.16 Acreatinine 0.15 0.06
Apotassium -0.13 0.09 Apotassium 0.04 0.60
Acalcium -0.19 0.02 Acalcium 0.66 0.001
Aphosphorus -0.23 0.004 Aphosphorus 0.70 0.001

the T wave and corrected according to heart rate by
using the Bazett formula (QTc = QT / VRR interval).
Subjects with U-waves on ECGs were removed
from the study. T-waves with amplitudes of <0.1 mV,
negative T-waves, two-phase and notched T waves were

not analyzed.
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Statistical analysis
Statistical analysis was done using the SPSS (21.0) soft-
ware (SPSS Inc., Chicago, IL, USA). Normal distribu-
tion was assessed by the Kolmogorov-Smirnov test.

Descriptive data were expressed as means and stan-

dard deviations for normally distributed (parametric)
data and medians (interquartile range) for non-nor-
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mally distributed (non-parametric) data. Categorical
variables were expressed as percentages. Mean values
were compared between the groups by using the inde-
pendent t-test, while the Mann-Whitney U test was
used for the comparison of medians. Categorical data
were compared by Pearson’s chi-square analysis. Pre-
and post-HD electrocardiographic data were compared
by the paired samples t-test or Wilcoxon signed ranks
test, depending on the normality of the data. For all
tests, a 2-tailed p<0.05 was considered statistically sig-
nificant.

Study ethics

The study protocol was approved by the lo-
cal ethics committee (approval no. 2017-KAEK-
189_2020.06.23_04). Written informed consent was
obtained from all participants, in accordance with the
Declaration of Helsinki.

I
RESULTS
The clinical and laboratory characteristics of partici-

pants are presented in Table 1. As expected, the serum
urea and creatinine levels were higher in the HD group
than in the control group. The electrolyte, calcium,
phosphorus, and potassium values were within the
normal range or slightly higher in the pre-HD period
and were found to be substantially decreased after HD
(p<0.001 for each comparison).

The mean heart rate and QRS interval values
were higher after HD (77.06£12.64 vs. 80.91£12.99,
p=<0.001; 87.02+14.09 vs. 88.30+13.73, p=0.006, re-
spectively). The mean QTc interval tended to be short-
er after HD (420.30+37.72 vs. 414.11+44.02, p=0.06).
Tpe was longer in the pre-HD group than in the con-
trol group, and further increased after HD (66.13+7.44
vs. 73.6419.61 vs. 81.09+10.20, respectively, p=0.001
for all). Similarly, the Tpe/QTc ratio was higher in the
pre-HD group than in the control group (0.18+0.02 vs.
0.17+0.02, p=0.024) and was further increased after
HD (0.18+0.02 vs. 0.20+0.03, p=0.001) (Table 2).

Before HD, Tpe was longer in hypocalcemic than
in normocalcemic patients (76+9 vs. 7249 ms, p=0.04)
(Figure 1) and in hyperphosphatemic than in normo-
phosphatemic patients (7510 vs. 729 ms, p=0.04)
(Figure 2). ATpe was correlated with Acalcium (r=-

0.19, p=0.02) and Aphosphorus (r=-0.23, p=0.004).
There was a correlation between ATpe and Apotassium
(r=-0.13, p=0.09) (Table 3). AQTc was correlated with
Aurea (r=0.17, p=0.03), Acalcium (r=0.66, p=0.001),
and Aphosphorus (r=0.70, p=0.001). There was a strong
correlation between ATpe and Acreatinine (r=0.15,
p=0.06) (Table 4).

|
DISCUSSION AND CONCLUSION

SCD is the major cardiovascular cause of death in pa-

tients on HD. Uremic conditions and electrolyte im-
balances have an additive effect on conventional risk
factors for cardiovascular disease-related death in the
HD population (2). ECG is the most feasible and use-
ful tool in clinical practice to determine cardiovascu-
lar disease. We demonstrated that Tpe and Tpe/QTc
values were altered in elderly patients on HD and ex-
hibited significant changes during HD sessions. These
changes might increase the risk of SCD in the HD
population. In our study, in consistence with previous
studies (12,13), we found that the Tpe and Tpe/QTc
values were increased after HD, and that they were
higher in the HD group than in the control group.
We also found that Tpe and QTc were associated with
Acalcium and Aphosphorus. In addition, Tpe was lon-
ger in hypocalcemic and hyperphosphatemic patients
before HD.

HD is the most prevalent type of renal replacement
treatment in end-stage kidney disease (14). Although
there have been many innovations in the HD practice
(new biocompatible membranes, enhanced volume-
controlled devices, new drugs targeting complications
of end-stage kidney disease), the mortality and mor-
bidity rates are still markedly high compared to HD-
free individuals (15,16). Rapid electrolyte changes dur-
ing HD sessions are among the factors associated with
cardiovascular disease-related mortality. Rapid calcium
and phosphorus changes have been particularly linked
to the high rates of mortality in HD patients (17,18).
Moreover, HD itself is associated with several risk fac-
tors for death, such as hypotension episodes and rapid
electrolyte changes. It is likely that many benefits of
HD are balanced by such complications.

Most HD centers make ECG assessments every 3
to 6 months to determine ECG changes. Subacute and
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Figure 1. Tpe interval was higher in hypocalcemic than in normo-

calcemic patients before HD
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Figure 2. Tpe interval was higher in hyperphosphatemic than in
normophosphatemic patients before HD

chronic ECG changes are discussed with a cardiolo-
gist as many patients on HD are lost due to SCD (3).
A study reported that 143 (65%) of 221 outpatients on
HD had ECG abnormalities (19). Awareness of early
ECG changes and properly modifying the HD prescrip-
tion and other, conventional risk factors might save the
lives of patients (20). Numerous electrocardiographic
changes have been identified as having the potential to
lead to cardiac arrhythmias, including changes of Tpe,
Tpe/QTc ratio, and QTc duration (10,11).

QT and T-wave analysis on ECG is used to evaluate
ventricular repolarization. While the peak point of the
T-wave displays the epicardial repolarization, the end
of the T-wave shows the repolarization of M-cells (the
cells between the endocardial and epicardial layers)
(9). Hence, Tpe is a measurement of total dispersion
of repolarization. Consequently, an increase in Tpe or
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Tpe/QTc may result in fatal arrhythmias. In our study,
both pre-HD and post-HD Tpe and Tpe/QTc values
were significantly higher in the HD group than in the
control group. Also, as in previous studies (21,22),
the values were significantly increased after HD. Tpe
prolongation has also been reported in type 2 diabe-
tes mellitus (23), hypertrophic cardiomyopathy (24),
and subclinical hypothyroidism (25). It needs further
investigation whether the high mortality rates associ-
ated with these clinical entities are related to such ECG
changes. In the HD population, diabetes mellitus, hy-
pertension, cardiac diseases, and other chronic dis-
eases which contribute to mortality are also prevalent,
and in our study 41.3% and 35% of the patients had
hypertension and diabetes, respectively.

Reports on the QTc duration before and after HD
are controversial. Although there are studies showing
that the QTc interval increases after HD (12,26), other
studies, such as ours, have shown that it is decreased
(27-30). It has been suggested that the increase in ni-
tric oxide after HD (31) and the change of the renin-
angiotensin system in HD patients (32) reduce QTc
with various effects. Tang et al. showed that increased
uremic toxins caused QTc prolongation (33). In our
study, the change in urea levels was found to be cor-
related with the change in QTc.

It is well known that calcium affects the electri-
cal conduction time (duration of action potential)
of the myocardium (12). Similar to previous studies
(12,34,35), we observed Tpe prolongation in hypercal-
cemic patients before HD. Furthermore, as Acalcium
increased, AQT prolongation and ATpe duration also
increased.

Hyperphosphatemia in chronic renal failure causes
an increase in fibroblast growth factor 23 (FGF23)
and results in parathyroid hormone resistance in the
skeletal system. FGF23 contributes to hypocalcemia
by suppressing the calcitriol production (36-38). On
the other hand, hyperphosphatemia has been shown
to play a role in cardiac fibrosis (39). It has been pre-
viously reported that hyperphosphatemia in HD pa-
tients reduces heart rate variability, which is indicative
of cardiac autonomic system dysfunction (40). These
effects suggest that hyperphosphatemia may have an
effect on action potential in myocytes. In our study, we
found that Tp-e interval increased in hyperphosphate-
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mia before HD. We also found that the post-HD phos-
phorus change had an effect on AQTc and ATpe. Ac-
cordingly, HD prescription needs to be modified with
caution, especially in patients with high phosphorus or
low calcium levels before HD.

Finally, our sample size was greater than that of
most previous studies and, to our knowledge, this was
a first study in elderly HD patients on this subject.
However, our study also has several limitations. We
did not have patient follow-up data on ventricular ar-
rhythmias, and we did not evaluate parameters such as
arterial pH, bicarbonate (HCO3-), and fluid changes.
Detailed evaluations of echocardiographic parameters
together with Tpe and Tpe/QTc values could be ben-
eficial. In conclusion, many elderly patients on HD
exhibit ECG changes, including prolonged Tpe and
increased Tpe/QTc values, and there is a need for fur-
ther longitudinal studies to investigate whether these
changes are related to increased morbidity and mortal-
ity as well as to SCD.
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