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Abstract
Aim: Urinary stone disease is a common cause of comorbidity in the population. It causes an increased sympathetic tone due to pain during
renal colic attacks. It is thought that increased sympathetic tone may also trigger vasospasm in coronary arteries and make ischemic changes
more pronounced. However, there is no study in the literature that evaluating electrocardiogram parameters in patients with renal colic pain.
In this study, the electrocardiogram parameters such as QT corrected for heart rate (QTc) interval, QTc dispersion, T peak‐end (Tp-e) interval
and Tp-e/QTc that are recorded when the patients are pain-free and during an episode of renal colic attack have been compared.
Materials and Methods: Patients who were clinically suspected of having renal colic and whose diagnosis was confirmed by abdominal
computed tomography were included in this prospective observational study. On electrocardiograms in the episode of renal colic attack and
when they are painless; QTc interval, QTc dispersion, Tp-e interval and Tp-e/QTc parameters were compared.
Results: Mean age of the 101 patients included in this study was 44.19±14.13 and 48.5% of them were female. Maximum QTc interval, and
QTc dispersion parameters were significantly higher during renal colic attacks than pain-free periods. QTc interval was higher for females
compared to males.
Conclusion: We found that renal colic pain is associated with increased QTc max and QTc dispersion. QTc interval was higher for females
compared to males. These findings suggest that patients with renal colic pain may be under risk for ventricular arrhythmias especially in
females.
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Introduction
Urinary stone disease is a common cause of comorbidity in the
population. The prevalence of this disease is estimated to be
around 5%-13%. Due to its high recurrence rate, it has negative
economic and social impacts on the society (1).
Patients with urinary stone disease frequently admit to emergency
service with flank pain. This pain can range from a mild discomfort
to severe enough to require taking a parenteral analgesic. The
pain is typically in the form of colic and severe pain paroxysms
usually last between 20 and 60 minutes. Pain occurs due to urinary
retention and renal capsule stretching after the stone passes from
the renal pelvis to the ureter and then the pain rapidly resolves
when the stone passes through the urinary system. Urinary
stone disease causes an increased sympathetic tone due to pain

during renal colic attacks. It is thought that increased sympathetic
tone may also trigger vasospasm in coronary arteries and make
ischemic changes more pronounced (2,3).
However, there is no study evaluating electrocardiography (ECG)
parameters in patients with renal colic pain in the literature.
In our study, we aimed to evaluate whether pain poses a risk
for cardiac diseases and malignant arrhythmias as defined by
either ventricular tachycardia (VT) or ventricular fibrillation (VF)
or atrioventricular block causing hemodynamic compromise
or cardiac arrest in patients who admitted to the emergency
department with renal colic complain.
Therefore, QT corrected for heart rate (QTc) interval, QTc
dispersion, T peak‐end (Tp-e) interval and Tp-e/QTc parameters
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of the patients measured both during their renal colic attack and
their pain-free period were compared.

Materials and Methods
This study is prospectively conducted in the Department of
Emergency Medicine at the Zonguldak Bülent Ecevit University
between 15.01.2016-15.07.2016.
Between the specified dates, patients who presented with clinical
findings of renal colic and whose diagnosis was confirmed by
abdominal computed tomography (CT) were included in this
study.
Information on age, gender, height and weight of each patient
were collected. Unenhanced abdominal CT was performed in
patients with appropriate clinical diagnosis and then CTs were
evaluated by a radiologist.
ECG of all patients were taken in the first fifteen minute of
the admission. Drugs that did not make ECG changes or were
the least risky were used during the treatment. A week after
discharged patients are recovered, they come back and their ECGs
were repeated. QTc interval, QTc dispersion, T peak ‐ end (Tp-e)
interval, Tp-e/QTc values of ECGs in two periods were compared.

Electrocardiographic Evaluation
Standard ECGs were taken from all patients with a sweeping
rate of 25 mm/sec and amplitude of 10 mm/mV, using a Nihon
Kohden Cardiofax M ECG‐1350K, 12‐channel electrocardiograph
unit (Nihon Kohden, Tokyo, Japan). All ECGs were evaluated by
the same researcher who was blinded to the group assignation.

QTc Interval and QTc Dispersiyon Measurement
The QT interval was measured from the beginning of the
QRS complex to the end of the T-wave at the level of the
T-P isoelectric baseline. QT interval that is corrected for
heart rate (QTc) was calculated using Bazett’s formula;
(QT Interval corrected Bazett = QTc = QT/√RR)

(1)

QTc dispersions were determined by calculating the difference
between maximum and minimum QTc intervals in different
leads (4,5).

Tp-e Measurement
The Tp-e interval was measured from the peak to the end of the
T wave in leads V2 and V5. The end of the T wave was defined
as the point of intersection of the isoelectric line with the line
passing through the T wave. Tp-e/QTc were calculated from these
measurements.

Exclusion Criteria
Patients with hypertension, diabetes mellitus, coronary artery
disease, heart failure, valvular disease, arrhythmia, malignancy,
chronic renal failure, metabolic diseases, electrolyte disorders,
urinary system infections were excluded from the study.
Patients with high blood pressure at the time of admission were
also excluded from the study.

Ethics
The research was submitted to the Research Ethics Committee
of the Zonguldak Bülent Ecevit University, and approved under
certificate number 2015-135-16/12. In this study, all processes
complied with guidelines of the Declaration of Helsinki. Informed
consent was received from all patients in the study.

Statistical Analysis
All statistical analyses were performed using SPSS software version
20.0 (SPSS Inc., Chicago, IL). Continuous variables were expressed
as a mean ± standard deviation. Numbers and percentages
were used for categorical variables. The categorical variables
were compared using χ2 test or Fisher’s Exact test. For continuous
variables the assumption of normality is checked using ShapiroWilk normality test. For continuous variables that are normally
distributed, paired sample t-test and Student’s t-test were used for
comparisons as appropriate. A p value of <0.05 was considered as
statistically significant.

Results
One hundred and one patients were included in the study and 49
of them were female. Average age was 44.19±14.13. The average
height of the patients was 166.07±18.1, their average weight was
76.65±14.06.
Among all, 3.0% of the patients were underweight [Body Mass
Index (BMI) <18.5], 28.7% of them were in normal range (18.524.9), 40.6% of them were overweight (25-29.9) and 27.7% of
them were obese (BMI >30).
ECG parameters of renal colic patients during attack and painfree periods were compared.
Maximum QTc interval (427.81±34.02 ms vs. 419.26±33.27 ms,
p=0.005), and QTc dispersion (38.01±23.50 ms vs. 31.29±26.09
ms, p=0.049) were significantly higher during renal colic attacks
compared with pain-free periods. However, there was no
significant difference between during attack and pain-free periods
in terms of QTc interval (407.94±30.74 ms vs. 409.13±24.84 ms,
p=0.621), and minimum QTc interval (389.76±30.45 ms vs.
388.47±28.48 ms, p=0.653) (Table 1).
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Table 1. ECG parameters of renal colic patients during attack and pain-free period
ECG parameters

Measurement time

Mean

SD

QTc

During the attack

407.94

30.74

Pain-free period

409.13

24.84

During the attack

427.81

34.02

Pain-free period

419.26

33.27

During the attack

389.76

30.45

Pain-free period

388.47

28.48

During the attack

38.01

23.50

Pain-free period

31.29

26.09

During the attack

77.90

14.32

Pain-free period

76.39

14.86

During the attack

0.19

0.04

Pain-free period

0.19

0.04

QTc maximum
QTc minimum
QTc dispersion
Tp-e
Tp-e/QTc rate

p value*
0.621
0.005
0.653
0.049
0.291
0.190

*Paired sample t-test, ECG: Electrocardiography, QTc: QT corrected for heart rate, Tp-e: T peak ‐ end, SD: Standard deviation

ECG parameters by gender during attack and pain-free period
were compared using Student’s t-test and given in Table 2 and
Table 3 respectively. There was significant difference in QTc
measurement during the attack by gender. QTc measurement
during the attack for females was 416±35.1 while for males, it
was 401±24.4. Among the measurements taken during the painfree period, there was a significant difference in QTc interval by
gender. The mean QTc interval for females was 417±24.9 while
the mean QTc interval for females was 402±22.5.

Discussion
In our study, the repolarization indicators on the ECG that can
be used to determine the risk for cardiac diseases and malignant
arrhythmias in both healthy people and those with structural
heart disease were examined.
We evaluated QTc dispersion and T-peak interval in patients
with renal colic. QTc dispersion can be used as a non-invasive
marker of sudden cardiac death and ventricular arrhythmia.
Table 2. Comparisons of ECG parameters measured during the
attack by gender

Tp-e/QT, Tp-e/QTc ratios were calculated so that QTc dispersion
and T-peak interval parameters were not affected by heart
rate (4-9).
The values of QTc dispersion and QTc maximum in the renal colic
patients during the renal colic attack and the pain-free periods
were compared and statistically significant differences were
found (p=0.049, p=0.005 respectively). There was significant
difference in QTc measurement during the attack and pain-free
period by gender. QTc interval was higher for females compared
to males. Changes in other ECG parameters observed were not
statistically significant.
It is thought that renal colic pain may possibly cause cardiac
effects through two mechanisms.
Table 3. Comparisons of ECG parameters measured during
pain-free period by gender
Female
(n=48)

Male
(n=53)

Mean (SD)

Mean (SD)

QTc

417 (24.9)

402 (22.5)

0.001

Minimum QTc

392 (29.6)

385 (27.3)

0.206

0.236

Maximum QTc

424 (33.2)

415 (33.1)

0.192

39.6 (22.4)

0.482

QTc dispersion

32.8 (27.4)

29.9 (25.0)

0.573

79.2 (13.7)

76.8 (14.9)

0.400

Tp-e

75.6 (14.3)

77.1(15.5)

0.604

0.19 (0.04)

0.19 (0.04)

0.970

Tp-e/QTc rate

0.18 (0.036)

0.19 (0.039)

0.299

Female

Male

Mean (SD)

Mean (SD)

QTc

416 (35.1)

401 (24.4)

0.015

Minimum QTc

396 (32.7)

385 (27.6)

0.070

Maximum QTc

432 (35.3)

424 (32.7)

QTc dispersion

36.3 (24.7)

Tp-e
Tp-e/QTc rate

p value*

*Paired sample t-test, ECG: Electrocardiography, QTc: QT corrected for heart rate,
Tp-e: T peak ‐ end, SD: Standard deviation
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T peak-end interval is considered as the ventricular
repolarization distribution index and when it is prolonged, it
can result in the development of ventricular arrhythmia.

p value*

*Student’s t-test, ECG: Electrocardiography, QTc: QT corrected for heart rate, Tp-e: T
peak ‐ end, SD: Standard deviation, n: Number
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In renal colic; pressure in the collecting system and ureteral
spasm cause the release of prostaglandins, which are the primary
mediators of pain. Prostaglandins produced by many cells are
involved in systemic and vascular inflammation.
Of the prostaglandins divided into different types according to their
structural and functional properties; the imbalance between
TxA2, a potent platelet aggregation agent and vasoconstrictor,
and prostacyclin, a potent inhibitor of vasodilator and platelet
aggregation, has been blamed as the mechanism that initiates
thrombus formation in coronary blood vessels (10,11).
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found that the dispersion was significantly higher and the QTQTc minimum dispersion was significantly lower (18).
In the QT dispersion study on fibromyalgia, which is a noninflammatory disease characterized by widespread pain foci in
the body and progresses with pain attacks; it was determined
that the QTc dispersion was shorter (19).
Yazıcı et al. (20) found no significant difference between
fibromyalgia and control groups in terms of QT dispersion and
conventional echocardiographic parameters.

Study Limitations

Furthermore, prostaglandins initiate sympathetic stimulation
through the central nervous system. Sympathetic afferent fibers
spread along the inferoposterior and anterior wall of the left
ventricle stimulate the sympathetic activation of the heart.

Although the QTc dispersion is significantly higher in the ECGs
since the patients are not followed for a long time, it has not
been determined whether ventricular arrhythmia, which is a
clinical reflection, occurred.

It is thought that sympathetic activation makes ischemic
symptoms more pronounced by making vasoconstriction in
coronary arteries. This may cause ventricular arrhythmias. QT
dispersion also emerges as an indicator of early ventricular
arrhythmias on the ECG (12,13).

Conclusion

In our study the differences between QTc dispersion and QTc
maximum values during renal colic attack and pain-free periods
are found to be statistically significant. However, there were no
statistically significant differences in T-wave peak-to-end interval
(Tp-e interval) and Tp-e/QT ratios, which are other markers of
ventricular arrhythmia and repolarization heterogeneity.
QTc interval was significantly higher for females compared to
males during renal colic attack and pain-free periods. In patients
with renal colic, it is possible to say that women are more at
risk for malignant arrhythmias than men. Studies showing an
increased risk of coroner’s artery disease in women with urinary
stone disease also support our data (14-16).

We conclude that renal colic pain is associated with increased
QTc maximum and QTc dispersion.
This finding suggests that patients with renal colic pain may
be under risk for ventricular arrhythmias. QTc interval was
significantly higher for females compared to males during renal
colic attack and pain-free periods. It is possible to say that women
are more at risk for malignant arrhythmias than men.
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