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Abstract 
The cardiovascular diseases and their complications are the major causes of death of patients 

with chronic kidney disease and on dialysis. Aim  : Role of non invasive rapid methods, like ECG, in 

predicting arrhythmias in end stage renal disease patients on hemodialysis. Methods: 60 patients (23 

female, 37 male) with end stage renal disease on hemodialysis were enrolled in this cross sectional 

study with mean age (52 ± 5.5), A resting 12-lead surface ECG was recorded for each patient, 

measurement of the longest and shortest intervals  QT interval and correction of these intervals by 

using Bazett's square root formula. QT-dispersion is measured by finding  the difference between these 

intervals. The Tp-Te is measured in each precordial lead and is obtained from the difference between 

QT interval and QTpeak interval. The LVH is evaluated by Two-dimensional echocardiography. 

Measurement of QRS duration and PR interval were done. Results : Percentage and range of Abnormal 

values of these parameters includes: QTc interval 83.3 %  (456-554 mSec) , QT-dispersion 67% (81-

111mSec), TpTe 22.2%(110-120 mSec), PR interval 5% (0.22-0.24 Sec) with no abnormal QRS 

duration (0%) . Other findings : peaked T-wave (20%).70% of the patients had LVH. Patients were 

divided into those with LVH and those without LVH, maximal QT-dispersion is  greater in the group 

with LVH than those without LVH (44%, 22% respectively), but statistically there is no significant 

difference. Conclusion : Electrocardiograms are low cost diagnostic tools for renal therapy centers, and 

nephrologists must consider QT interval, as measurement of QT and QTc dispersion is a simple 

bedside method to be used for analyzing ventricular repolarization during hemodialysis. 

Key words :  QT-interval, QT-dispersion. 

 الخلاصه
أمراض القمب والأوعية الدموية و مضاعفاتيا ىي الأسباب الرئيسية لموفاة في المرضى الذين يعانون من مرض الكمى المزمن و عمى 

. اجراءات مرضى الفشل الكموي لمتنبؤ ل ، مثل تخطيط القمب لتشخيص عدم انتظام ضربات القمبى. اليدف: دور الطرق السريعةغسيل الكم
( مع المرض الكموي النيائي عمى غسيل الكمى مسجمين في ىذه الدراسة المقطعية مع متوسط ذكر 27أنثى،  32مريضا )  06البحث:  

 (.2.2 ± 23)  العمر
ثم تصحيح ىذه الفواصل الزمنية باستخدام صيغة الجذر    QTتم اجراء تخطيط القمب لكل مريض ، قياس أطول و أقصر فترات 
 2Dتقييم تضخم البطين الأيسر عن طريق    QTpeak .و   QTوالحصول عمييا من الفرق بين فترة Te -Tp. تم قياس Bazettالتربيعي

Doppler وقد أجري قياس مدة.QRS  وPR interval .ايضا 
   QT interval  32.2  (  ٪620-226(mSec    ،QTالمعايير ما يمي : النتائج : نسبة  القيم الغير طبيعية من ىذه

dispersion 07  ( ٪38-888(mSec   ،TpTe  22.2  ٪mSec 120 -( 110 و )PR interval  5 ٪0 ،0-22،24)  ) )ثانية
٪ من المرضى  يعانون من تضخم  peaked T wave (36  . ) ٪76٪ ( . النتائج الأخرى : 6غير طبيعية )   QRSمع عدم وجود مدة

أكبر في المجموعة  dispersion -QT. تم تقسيم المرضى إلى مجموعو مع و مجموعو بدون تضخم البطين الأيسر ،نسبة الأيسرالبطين 
رق غير معنوي. ٪ عمى التوالي (، ولكن إحصائيا الف 33٪ ،  66مع تضخم البطين الايسر من تمك بدون تضخم البطين الأيسر ) 

  QTcالاستنتاجات: تخطيط القمب ىي أدوات منخفضة التكمفة وسريعو في تشخيص المرضى المعرضين عدم انتظام ضربات القمب ،  قياس
interval وQT dispersion  ىي طريقة سريرية بسيطة التي يمكن استخداميا لتحميل عودة الاستقطاب البطيني خلال غسيل الكمى. 

 .QTتشتت ، QT مسافة تاحية :الكممات المف
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Introduction  
Cardiovascular diseases continue to be the leading mortality cause worldwide. 

Cardiac and renal diseases frequently coexist and significantly increase mortality, 

morbidity, and the complexity and cost of care (Ronco et al., 2010). Cardiovascular 

diseases and complications are the major causes of death in patients with chronic 

kidney disease and on dialysis(Polak-Jonkisz et al., 2009; Hager et al., 2010; 

Whitman et al., 2012). Sudden cardiac death (SCD) is an unexpected death from a 

cardiovascular cause with or without structural heart disease(Wu et al., 2005). It is 

very often caused by ventricular arrhythmia(Ioana, 2014). Cardiovascular disease, 

particularly myocardial dysfunction, is an important cause of morbidity and mortality 

in patients undergoing maintenance dialysis. one of the manifestations of myocardial 

dysfunction in end-stage renal disease (ESRD) is arrhythmia  patients 

(Christopher & William, 2012). Several ECG markers were suggested as potential 

predictors of ventricular arrhythmias in dialysis patients such as mean QRS duration, 

corrected QT interval, and QT dispersion (Morris et al., 1999; Wu et al., 2005; 

Stewart et al., 2005). 

QT interval : is the time between the onset of the Q wave and the end of the T 

wave in ECG . The QT interval is the electrocardiographic expression of ventricular 

depolarization and repolarization and, if prolonged, a predictor of fatal ventricular 

arrhythmias and sudden cardiac death(Al-Khatib et al., 2003; Rautaharju et al., 

2009).  QT interval is measured manually by different methods such as the threshold 

method, as the end of T wave defined by the return of the T wave to the isoelectric 

line or the tangent method, in which the end of the T wave is determined by the 

intersection of a tangent line extrapolated from the T wave at the point of maximum 

downslope to the isoelectric baseline. This interval is influenced by heart rate , so 

correction of heart rate is required in the assessment of repolarization duration. 

Bazett's square root formula is most commonly used to correct the interval . QTc is 

equal to QT interval in seconds divided by the square root of the  RR interval in 

(seconds) (Ilan et al., 2006). QTc interval exceeding 450 mSec  is considered 

prolonged. When heart rate is particularly fast or slow, the Bazett's formula may 

overcorrect or undercorrect, respectively, but it remains the standard for clinical use. 

 QT interval duration varies between leads on the standard electrocardiogram 

(ECG) (Cowan et al., 1988; Butrous et al., 1989). These interlead differences, called 

QT dispersion or QT range. QT dispersion is a crude and approximate measure of a 

general abnormality of repolarization (Malik & Batchvarov, 2000). 

QT dispersion is linked to the occurrence of malignant arrhythmias in different 

cardiac diseases as it reflects regional differences in ventricular recovery time 

(Lorinzc et al., 1999). Reported values of QT dispersion vary widely, ranging from 10 

to 71 mSec in normal subjects(16-18). There is little or no sex difference in QT 

dispersion(Savelieva et al., 1999). 

Tpeak Tend: is a marker of ventricular arrhythmogenesis by early studies which 

indicate the prolongation of  (Tpeak to Tend [TpTe]) on the 12-lead ECG predispose 

to arrhythmia. TpTe interval Prolongation in lead V5 was  associated with SCD 

(Ragesh et al., 2011). Recent studies identified prolonged TpTe>100 mSec as 

predictor of SCD of coronary artery disease and arrhythmias. 

Patients with end-stage renal disease (ESRD) undergoing hemodialysis have a 

high mortality rate, which is correlated with the occurrence of cardiovascular 

disorders, such as ventricular arrhythmias and sudden cardiac death(Shamseddin & 

Parfery, 2011).The changes in ventricular electrical systole during the dialytic therapy 

are associated with an increased risk of potentially malignant ventricular arrhythmias 



Journal of Babylon University/Pure and Applied Sciences/ No.(7)/ Vol.(24): 2016 

7681 
 

due to QT interval prolongation and dispersion(Bruno et al., 2013). So it is of a 

paramount important to detect these abnormalities as early as possible by the non 

invasive technique like ECG  

Aim of the study : Role of non invasive rapid methods in predicting arrhythmias 

in ESRD patients on hemodialysis to prevent sudden cardiac death is by evaluating 

QTc-interval, QT-dispersion ,Tp-Te interval and other  parameters that are considered 

as a risk fact for occurrence of  arrhythmias . 

Methods: 60 patients (23 female, 37 male) with end stage renal disease on 

hemodialysis were enrolled in this cross sectional study with mean age (52 ± 5.5), 

from January,2016 to March,2016 .  

A resting 12-lead surface ECG was recorded for each patient, QT interval was 

measured from the beginning of QRS complex to the end of T wave defined by the 

return of the T wave to the isoelectric line and averaged in every lead,figure.1. If the 

end of T wave was not determined properly in any lead, this particular lead was 

excluded from analysis(24). The longest and shortest QT intervals are measured  then  

these intervals are corrected  by using Bazett's square root formula :  

QTc = QT interval in seconds/√RR interval ( seconds) (Ilan et al., 2006). 

QT. dispersion calculated as the difference between the longest and the shortest QTc 

interval in all measurable lead(Ioana , 2014). 

The Tp-e interval was defined as the interval from the peak of T wave to the end 

of T wave. Measurements of Tp-Te interval were performed from precordial leads 

(Malik & Batchvarov, 2000). The Tp-Te was measured in each precordial lead and 

obtained by the difference between QT interval and QTpeak interval; measured from 

the start of the QRS to the peak of the T-wave(Jesus et al., 2006). 

Study limitations:  there was some limitation in measurement QT interval and this in 

accordance with a number of studies that  reported poor  reproducibility of manual 

measurements of the QT intervals (MacFarland, 1998; Coumel et al., 1998). This also 

applies to the measurement of the Tp-Te and Tp-Te dispersion as well (Jesus et al., 

2006). 

For evaluation of LVH : Two-dimensional echocardiographic studies were 

performed with a phased-array sector scanner (3.5-MHz transducer) (Foale et al., 

1986). LV septal wall thickness, posterior wall thickness, and cavity size were 

measured from the LV left parasternal long axis  view by two-dimensionally guided 

M-mode echocardiography(Jamil et al., 1996).The QRS duration and PR interval 

(from the beginning  of p wave to the beginning  of QRS wave of ECG) are measured 

. 
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Figure.1  Measurement of the longest and shortest QT interval (from the onset of 

QRS complex to the end of T wave) 

 

Results 
Parameters Mean ±SD Range 

QTc interval(mSec) 

[longest, shortest] 

479.06±45.2, 400.28±79.31 402-554,  

343-487 

QT-dispersion (mSec) 78.83 ±25.97 37-111 

TpTe (mSec) 87±17.15 60-120 

PR-interval  (Sec) 0.22 ± 0.02 0.112- 0.24 

QRS-duration  (Sec) 0.84 ± 0.031  0.12- 0.66 

 

Percentage and range of Abnormal values of these parameters includes:  

QTc interval 83.3 %  (456-554 mSec) , QT-dispersion 67% (81-111mSec), TpTe 

22.2%(110-120 mSec), and PR interval 5% (0.22-0.24 Sec) ) with no abnormal QRS 

duration (0%) . Other findings : peaked T-wave (20%).Figure.2 

 
 

Figure.2 Percentage of abnormal values of QTc interval ,QT-dispersion , TpTe, 

PR-interval. 
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70% of the patients were with LVH. Patients were divided into those  with and those 

without LVH, maximal QT-dispersion is  greater in the group with LVH than those 

without LVH (44%, 22% respectively), but statistically,there is no significant 

difference                .   

 ( p-value is 0.425556),Figure.3  

 

 
Figure.3 Percentage of maximum QT-dispersion in end stage renal disease 

patients with and without LVH (left ventricular hypertrophy). 

 

Discussion 
 This study demonstrate high percentage of abnormal values of QTc interval 

(83.3%) and QTc. dispersion (67%), this goes with Lorincz et al(16) who conclude 

that hemodialysis prolong the QT, QTc interval and QTc dispersion in uremic patients 

with end stage , this is due to the increase in nonhomogeneity of regional ventricular 

repolarization . 

 A common feature of uremic cardiomyopathy is  LVH ,it is present in 60% to 

80% of patients on dialysis(Amann et al., 1998). Other study showed that 

hemodialysis patients, LVH is present in 68-89% of them (Charytan, 2014). 

Occurrence of sudden death in ESRD due to arrhythmia caused by pathological 

myocardial changes of LVH (Charytan, 2014). So presence of higher percentage of 

prolonged QTc interval and dispersion in LVH may predict patients who are 

susceptible for arrhythmia .Other patients had prolonged QT-interval and max.QT-

dispersion without the presence of LVH (22%) ,this might reflect that prolongation of 

QT interval could occur before the presence of LVH, this goes with the study that 

showed a large number of sudden death  of patients on dialysis were with no 

significant left ventricular dysfunction (Mangrum et al., 2006). 

  Prolonged TpTe interval give idea about susceptibility of patients to develop 

cardiac arrhythmia as one of the marker of ventricular arrhythmogenesis is the 

prolongation of the interval between the peak and the end of the T wave on the 12-

lead ECG.  (Panikkath et al., 2011) concluded that  TpTe interval prolongation  was  

associated with SCD. 

Some ECG showed peaked T-wave (20%)  as the earliest abnormalities seen in 

the ECG in patient with hyperkalaemia is  the T-waves (“tenting” or “peaking”). 

Delayed atrioventricular conduction presented  by prolonged PR interval showed only 
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small percentage (5%) of the cases. This prolongation due to fact that mild to 

moderate hyperkalaemia could cause depression of conduction between adjacent 

cardiac myocytes (Webster et al., 2002). 

Conclusion  
Electrocardiograms are low cost diagnostic tools for renal therapy centers, and 

the nephrologists must use a simple bedside measure for evaluation of  ventricular 

repolarization in ESRD patients on hemodialysis  which are QTc interval and QTc 

dispersion .  
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