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GRAPHICAL ABSTRACT

In our study, contrary to the existing literature, it was found that ventricular ECG repolarization parameters in patients with
urinary stone disease were not significantly different from those in the normal population.
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ABSTRACT

Aim: This prospective observational study aims to assess ventricular repolarization parameters using electrocardiography, which serve as
risk markers for malignant arrhythmias in individuals diagnosed with urinary stone disease.

Material and Methods: A total of 178 participants were included in the study, comprising 118 patients with urinary system stone disease and

60 healthy volunteers. All patients underwent 12-lead electrocardiography. The electrocardiographys were evaluated for QTc interval, QTc
dispersion, and Tp-e/QTc, and compared with the control group.
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Results: When comparing the QTc interval (406.0 ms to 413.0 ms), QTc dispersionand ( 41.7 ms to 40.0 ms) Tp-e/QTc (0.19 ms to 0.19
ms) results between the patient and healty control groups, no statistically significant difference was detected as a result of the comparison
(p=0.233, p=0.663, p=0.077).

Conclusion: In our study, contrary to the existing literature, it was found that ventricular ECG repolarization parameters in patients with
urinary stone disease were not significantly different from those in the normal population. The validity of this finding could be further
investigated with larger case groups and longer-term studies. According to the findings of this research, we recommend that in the follow-up
of patients with urinary stone disease, potential risk factors other than ECG parameters for malignant arrhythmias should also be examined.

Keywords: Electrocardiography parameters, risk of ventricular arrhythmias, risk of sudden cardiac death, urinary stone disease, malignant
arrhythmia

GRAFIKSEL OZET

Calismamizda, mevcut literatiiriin aksine, uriner tag hastaligi olan hastalarda ventriktiler EKG repolarizasyon parametrelerinin
normal popilasyondakilerden anlamli olarak farkli olmadigi bulundu.

Vaka ve kontrol gruplarinda QTc,
QTc dispersiyonu ve Tp-e/QTc'nin
dagilim grafikleri
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0z
Amac: Bu prospektif g6zlemsel calisma, Uriner tas hastaligi olan hastalarda malign aritmiler icin risk gdstergesi olan ventrikiler repolarizasyon
parametrelerini elektrokardiyografi kullanarak degerlendirmeyi amaglamaktadir.

Gerec¢ ve Yontemler: Calismaya 118'’i Uriner sistem tas hastaligi olan, 60’1 saghkh génullilerden olusan toplam 178 hasta dahil edildi.
Tum hastalara 12 derivasyonlu elektrokardiyografi ¢gekimi yapildi. Elektrokardiyografiler QTc araligi, QTc dagilimi ve Tp-e/QTc agisindan
degerlendirilerek kontrol grubuyla karsilagtirildi.

Bulgular: Hasta ve kontrol gruplari QTc araligi (406.0 ms’ye 413.0 ms) , QTc dagilimi ( 41,7 ms’ye 40,0 ms) ve Tp-e/QTc (0,19 ms’ye 0,19
ms) parametreleri karsilastirild1. istatistiksel agidan karsilastirma sonucunda anlamli bir fark tespit edilemedi (p=0,233, p=0,663, p=0,077).
Sonug: Galismamizda, mevcut literatiriin aksine Uriner tas hastaligi olan hastalarda ventrikiler EKG repolarizasyon parametrelerinin
normal popllasyondan anlaml derecede farkli olmadigi bulundu. Bu sonucun gegcerliligi daha genis vaka gruplari ve daha uzun dénemli
calismalarla arastirilabilir. Biz bu ¢calismanin sonucuna dayanarak Uriner tas hastaligi olan hastalarin takibinde malign aritmiler ile ilgili EKG
parametrelerinin yaninda diger potansiyel risk faktorlerinide incelemelerini dneririz.

Anahtar Soézciikler: Elektrokardiyografi parametreleri, ventrikler aritmi riski, ani kalp 6limd riski, Uriner tag hastaligi, malign aritmi

INTRODUCTION other illnesses (2-4). The vascular endothelium is hypothe-

sized to be damaged by urinary stone disease, leading to
Urinary stone disease is a significant cause of comorbidity, coronary artery disease (CAD) (5).
with a lifetime prevalence of 10-15% and a recurrence rate

Sudden cardiac death and ventricular arrhythmias (malig-
reaching up to 50% within 10 years (1). Recently, it has

nant arrhythmias) are both caused by CAD. Although many

become widespread knowledge that urinary system stone studies have shown that urinary system stone disease is
disease is not only confined to kidney stone development a risk factor for CAD, no electrocardiographic parameters
but is also linked to cardiovascular disease and a variety of have been evaluated in this patient group.
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Malign Arrhythmia in Urinary Stone Disease

A prolonged QT interval, increased QT dispersion, and T
peak-end (Tp-e) intervals on the electrocardiogram (ECG)
can be used as noninvasive predictors of sudden cardiac
death and ventricular dysrhythmia. The QT interval signifies
the period during which the ventricles undergo both depo-
larization and repolarization, while QT dispersion reflects
the variability in myocardial repolarization. Tp-e interval is
recognized as an indicator of the dispersion of ventricular
repolarization, and corrected QT (QTc) interval and QTc
dispersion may be utilized to ensure that these parameters
remain unaffected by heart rate (6-9). The Tp-e/QTc ratio is
considered a more refined indicator of ventricular repolari-
zation and the potential for arrhythmia (10).

In this study, we aimed to assess the ECG to assess ven-
tricular repolarization parameters, including QTc interval,
QTc dispersion, Tp-e interval, and Tp-e/QTc, which are risk
indicators for malignant arrhythmias in patients with urinary
stones.

MATERIAL and METHODS

This study was carried out as a prospective observational
investigation at Zonguldak Bulent Ecevit University, Depart-
ment of Emergency Medicine, between February 2, 2016,
and October 10, 2016. Patients diagnosed with urinary
stone disease by abdominal computerized tomography and
healthy volunteers were conducted in our study. This study
included 178 adults, including 118 patients with urinary tract
stones and 60 healthy volunteers. Patients’ age, gender,
height, weight, cigarette and alcohol consumption were re-
corded. All patients in the study had their 12-lead ECG re-
corded using the same device at a rate of 25 mm/sec and an
amplitude of 10 mm/mV. The ECGs were evaluated for QTc
interval, QTc dispersion, Tp-e interval, and Tp-e/QTc and
checked with the control group. All measurements was tak-
en by the same researcher who not known of patient groups.

QTc Interval and QTc Dispersion Determination: The
QT interval was determined from the beginning of the QRS
complex to the conclusion of the T wave on the twelve-lead
ECG of the patients. By means of Bazett’'s method, the QTc
interval was computed (QTc=QT//RR).

The longest corrected QT interval documented in the 12-
lead ECG was noted as the maximum QTcintervals. The
shortest corrected QT interval recorded in the 12-lead ECG
was noted as the minimum QTc intervals.

QTc dispersions were measured as the variation between
the maximum and minimum QTc intervals across all leads

(11).

Tp-e Measurement: The distance from the apex to the ter-
mination of the T wave was assessed in lead V2 and docu-
mented as the Tp-e interval. Tp-e/QTc ratios were comput-
ed based on the Tp-e and QTc measurements.

Body Mass Index (BMI): BMI was determined from the re-
corded height and weight of the patients. The patients were
grouped into four categories based on BMI. Those with a BMI
less than 18.5kilogram per square meter (kg/m?) were clas-
sified as underweight. Patients whose BMI ranges from 18.5
to 24.9 (kg/m?) were considered to have a healthy weight.
Individuals with a BMI ranges from 25(kg/m2) to 29.9(kg/m?)
were categorized as overweight. Finally, patients with a BMI
of 30 and above were classified as obese (12).

The Exclusion Criteria: The exclusion criteria included
patients with hypertension and those diagnosed with high
blood pressure upon admission to the hospital; those with
diabetes mellitus, chronic renal failure, metabolic diseases,
and electrolyte disorders; those with heart failure, coronary
artery disease (CAD), valve disease, and rhythm disorders;
those with malignancy; those with urinary system infection;
those taking drugs that influence ECG parameters; and
those under the age of 17.

Statistical Analysis: Version 20 of IBM SPSS (Statistical
Package for the Social Sciences, Chicago, IL, USA) was
utilized for all statistical analyses. Classified data were ex-
pressed as counts and percentages. Chi-square analysis or
Fisher’s exact test, whichever was suitable, was employed
to compare these categorical variables. The Shapiro-Wilk
method for assessing normality was employed to test the
normality assumption for quantitative variables. For nor-
mally distributed continuous variables, the data were ex-
pressed as mean =+ standard deviation conversely, data
with a non-normal distribution were expressed as median
and interquartile range. For comparisons of normally distrib-
uted continuous variables, Student’s t-tests were applied,
Mann-Whitney U tests were utilized for continuous varia-
bles that did not exhibit a normal distribution. Statistical sig-
nificance was indicated by a p-value below 0.05.

RESULTS

This study included 178 adults, including 118 patients with
urinary tract stones and 60 healthy volunteers. Patients had
an average age of 44.8+14.0 years, in the control group, by
comparison, it was 36.4+14.7 years. Among the patients
participating in the study, 57 (48.3%) were women, while in
the control group, there were 30 (50%) women (p=0.952).

When comparing gender, body mass index, and habits be-
tween the patient and control groups, there were no signifi-
cant differences noted (p=0.936). (Table 1).

When the parameters of the QTc interval, QTc dispersion
and Tp-e/QTc were evaluated and compared between the
patient and healty control groups, no statistically significant
differences were identified (p=0.233, p=0.663 p=0.077).
(Table 1). Figure 1 illustrates the distribution graphs of QTc,
QTc dispersion, and Tp-e/QTc in case and control groups.
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Figure 1: Distribution graphs of QTc, QTc dispersion, and Tp-e/QTc in case and control groups.

Table 1: Gender, bady mass index and habits, QTc, QTc disp
and Tp-e/QTc rate parameters of the groups.

Caracteristics Cases Copreis

(n=118) (n=60)
Gender*
Male 61 (51.7) 30 (50) ="
Female 57 (48.3) 30 (50) 096§
Bady Mass Index Categories*
<18.5 (Underweight) 3 (2.6) 3 (5.0)
18.5-24.9 (Healthy weight) 36 (30.8) 28 (46.7) N
25-29.9 (Overweight) 49 (41.9)  21(35.0)
>30 (Obese) 29 (24.8) 8 (13.3)
Habits*
Alcohol 1(0.8) 1(1.7)
Smoking 40 (33.9) 21 (35.0) N
Smoking+Alcohol 10 (8.5) 4(6.7) Sl
No 67 (56.8) 34 (56.7)
QT parameters
QTc 406.0 (34.5) 413.0 (39.5) 0.233
QTc disp 41.7 (16.5) 40.0 (35.0) 0.663
Tp-e/QTc rate 0.19 (0.05) 0.19(0.05) 0.077

*Data are shown as n(%), “Chi squared test, QTc: Corrected QT,
QTc disp: Corrected QT Dispersion, IQR: Inter Quantile Range, Tp-
e: The interval from the peak of the T wave to the end of the T wave.

Statistical analysis did not reveal a significant difference be-
tween the ECG parameters of female patients and women
in the control group. When comparing ECG parameters in
female patients by age, there was no significant difference.
It was found that obesity had no effect on ECG parameters
in either the patient or control groups (p=0.936).

When the ECG parameters of male patients and the control
group were compared, the Tp-e/QTc ratio was significantly
higher in the healty control group (p = 0.002).

Table 2: EKG parameters by gender in patients

Male (n=61) Female (n=57)
Mean SD Mean SD p-value
QTc 399.8 23.3 416.8 32.8 0.001*
QTc max 421.2 31.8 4351 344 0.020*
QTc min 383.5 26.7 398.3 31.3 0.007*
Median IQR** Median IQR
QTc disp 417 16.5 40.0 35.0 0.880*"
Tp-e/QTcrate  0.19 0.05 0.19 0.05 0.890**

QTc max: Corrected QT maximum, QTc min: Corrected QT min-
imum, QTc disp: Corrected QT dispersion, IQR: Inter Quantile
Range, Tp-e: The interval from the peak of the T wave to the end
of the T wave. *Student’s t-test, **Mann Whitney U test ***Data are
shown as median (interquarte range, IQR).

When ECG parameters were compared in the patient group
based on smoking habits, nonsmokers had a significantly
higher QTc. However, in the control group, Between smok-
ers and non-smokers, no statistically significant difference
was found (p=937).

DISCUSSION

Our study is the first to use ECG parameters to determine
the risk of developing malignant arrhythmias in patients
with urinary stones. When comparing patients with urinary
stone disease to healthy subjects, we discovered that ECG
parameters indicating ventricular repolarization were not
significantly different. This means that patients with urinary
stone disease do not have an additional risk of malignant
arrhythmias.

In a meta-analysis, Cheungpasitporn et al. discovered that
individuals with kidney stones have a 1.24-fold higher risk
of CAD than people without kidney stones (13). Other me-
ta-analyses have found that people with kidney stones have
a higher risk of myocardial infarction and CAD (14).

132
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Malign Arrhythmia in Urinary Stone Disease

The ineffectiveness of calcification inhibitors in individuals
with urinary stone disease has been hypothesized to in-
crease the risk of myocardial infarction by inducing renal
stone formation and coronary calcification. The fact that the
composition of vascular plaques is the same as that of Ran-
dall plaque, the nidus of stone formation, supports this view.
The concomitant coronary calcification in 80% of patients
with renal stone disease and the increased risk of urinary
stones and myocardial infarction in patients receiving high-
dose calcium replacement therapy also support this mech-
anism (15,16).

According to Rule et al. patients with kidney stones have a
31% greater risk of myocardial infarction. However, when
patients with additional comorbidities were removed from
the study, the increased risk of myocardial infarction was
statistically insignificant (15). Instead of urinary stone dis-
ease predisposing to heart disease, this could be interpret-
ed as comorbidities including hypertension, obesity, and
dyslipidemia. Furthermore, it can be said that chronic renal
failure, which can develop due to urinary stone disease, is
a risk factor for CAD (14).

When assessing the correlation between urinary stone dis-
ease and CAD, it is important to remember that the risk of
both conditions rises with age independently.

Since patients with comorbidities were excluded from our
study, it was possible to evaluate more precisely whether
urinary stone disease poses a risk for malignant arrhythmi-
as, and it was concluded that it might not pose a risk.

Ferraro et al. reported that the relationship between kidney
stones and coronary artery disease was significant in wom-
en but not in men in a survey study (17). This could be due
to the fact that women are more prone to having comor-
bid conditions associated with urinary tract stone disease
(18,13).

In the study by Shu et al, CAD, stroke, and cholelithiasis
were common in women with urinary stone disease, while
hypertension was more common in men (19). Although uri-
nary tract stone disease and CAD are both more common
in men, CAD is surprisingly more common in female stone
disease patients. However, the underlying pathophysiology
is unknown. There is a need to investigate risks for CAD
such as weight, diet, genetics, estrogen-progesterone ratio,
and pregnancy (20).

Like age, obesity is a common risk factor for both diseases.
Many studies have found that patients with a BMI of more
than 28 kg/m? had a higher risk of urinary stone disease
(21). In another study comparing obese and non-obese
subjects, a significant correlation was found between BMI
and maximum QTc interval and QTc dispersion (22). How-
ever, obesity had no statistically significant effect on ECG

parameters in both the patient and control groups in our
study. This could be due to the insufficient number of obese
individuals in this study.

In both the patient and control groups, female patients had
a significantly higher QTc value compared to male patients,
but still within normal limits in our study. This is because the
normal range of QTc values is higher in female patients as
opposed to male patients. When QTc > 450 in males and
QTc > 470 in females, it has been identified as an independ-
ent predictor of sudden cardiac death (23).

A relatively small sample size and the lower age of the con-
trol group compared to the patient group are the limitations
of our study.

In our study, contrary to the existing literature, it was found
that ventricular ECG repolarization parameters in patients
with urinary stone disease were not significantly different
from those in the normal population. The validity of this find-
ing could be further investigated with larger case groups
and longer-term studies. Drawing from the outcomes of this
study, we recommend that in the follow-up of patients with
urinary stone disease, potential risk factors other than ECG
parameters for malignant arrhythmias should also be ex-
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