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Abstract: Background: A large proportion of cardiovascular mortality in dialysis patients is caused by sudden death that is 

related to the dialysis procedure. Parameters of heart rate variability, P wave duration and dispersion and rate corrected QT and 

QT dispersion are readily used to assess cardiac electrical stability. However, there are relatively few data discussing the 

factors associated with arrhythmia in dialysis patients. Methods: The study included 30 patients on regular haemodialysis. All 

patients had full history taking (age, sex, duration of haemodialysis in months and smoking history), clinical examination, 

laboratory investigations (serum Mg, K, Na and complete blood picture), echocardiography and 24-hours Holter recording. 

Results: The study included 30 patient on regular haemodialysis (mean duration 30.9±13.2 months), 53.3% males with mean 

age 43.9±10.1 years. All ECG and Holter derived parameters showed statistically significant changes during haemodialysis. 

There were increase in P wave duration and dispersion, rate corrected QT interval and QT dispersion and decrease in heart rate 

variability, that are arrhythmogenic. Moreover, the incidence of both supraventricular and ventricular ectopics increased during 

dialysis. Smoking and long term dialysis were associated with more arrhythmia risk. Conclusions: Patients on regular 

haemodialysis are susceptible to cardiac arrhythmias. The process of haemodialysis itself is arrhythmogenic. Smoking and long 

term haemodialysis are associated with higher incidence of cardiac electrical instability. 
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1. Introduction 

Dialysis patients display high rates of cardiac mortality. 

Heart failure develops in up to 50% of haemodialysis patients 

and confers a dramatic reduction in survival [1]. A large 

proportion of cardiovascular mortality in dialysis patients is 

caused by sudden death that is temporally related to the 

dialysis procedure, with rates highest in the 12-hours period 

after starting a dialysis treatment and in the predialysis period 

following the 3-days gap [2]. 

There is interest in proving the dialysis procedure to be 

pro-arrhythmogenic, mediated by the rapid shifts in fluid and 

electrolyte concentrations [3]. A large database study has 

recently shown that mortality attributed to sudden cardiac 

death was 14-fold increased among dialysis patients when 

compared to the general population due to high frequency of 

ventricular arrhythmia [4]. So early detection of high-risk 

individuals, particularly those susceptible to cardiac death, is 

of clinical importance. 

Heart rate variability (HRV) refers to a measure of the 

beat-to-beat variations of heart beat interval. For the purpose 

of survival/risk prediction, HRV is analyzed using 24 hours 

ambulatory Holter recordings of electrocardiogram, and it is 

expressed as two different kinds of measures; those reflecting 

statistical or geometric range of the variations within certain 

periods of time (time-domain measures) and those reflecting 

magnitude (power) of cyclic components of variations within 

specific ranges of frequency (frequency-domain measures). 

The irregular behavior of the heart beat is readily apparent 

when heart rate is examined on a beat-to-beat basis, but is 
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overlooked when a mean value over time is calculated. These 

fluctuations in heart rate result from complex, non-linear 

interactions between different physiological systems [5]. 

In various populations, decreased heart rate variability 

identifies patients at an increased risk of death, particularly 

that of cardiac death [6]. Recently, it has been reported that 

decreased HRV predicts an increased risk of death in a small 

cohort of chronic haemodialysis patients with 

angiographically proven coronary artery disease [7]. This 

finding has been extended to the general populations of 

chronic haemodialysis patients [8]. 

During haemodialysis, there is marked rapid shift in serum 

electrolyte concentration which may predispose to certain 

dysrrhythmic events. Premature atrial ectopic activities may 

present abundantly during haemodialysis that may degenerate 

into atrial tachyarrhythmia such as atrial fibrillation. In 

haemodialysis patients, AF occurred significantly more often 

on a dialysis day and especially during dialysis session [9]. 

Moreover, haemodialysis ends with significant increase in P 

wave maximum duration and P wave dispersion, which might 

be responsible for the increased occurrence of atrial 

fibrillation in these groups of patients [10]. 

Prolongation of the QT interval predisposes to torsade de 

pointes ventricular tachycardia. While many episodes may be 

self terminating, torsade can degenerate into lethal 

ventricular fibrillation [11]. In nonuremic patients, episodes 

of torsade de pointes often occur due to a combination of 

factors, including prolonged QTc with bradycardia, pauses, 

some medications or electrolyte abnormalities such as 

hypokalemia, hypomagnesemia or hypocalcemia. QT 

dispersion (maximum minus minimum QTc interval on a 

standard 12-lead electrocardiogram) is also taken as a risk 

factor for ventricular arrhythmias and sudden death [12]. 

Several authors have reported an acute increase in both QTc 

and QT dispersion following dialysis [13]. Moreover, studies 

using ambulatory electrocardiogram have demonstrated an 

increased rate of ventricular arrhythmia during dialysis [14]. 

However, there are relatively few data discussing the 

factors associated with arrhythmia in dialysis patients. In a 

recent study conducted on patients with chronic kidney 

disease, ventricular arrhythmia was prevalent in pre-dialysis 

patients. Aging, increased hemoglobin levels and reduced 

ejection fraction were the factors independently associated 

with the presence of ventricular arrhythmia in those patients 

[15]. 

2. Aim of the Study 

To detect the pure effects of haemodialysis on cardiac 

electrical status both atrial and ventricular as assessed by 

Holter monitoring and to evaluate the effects of smoking and 

prolonged duration of dialysis on arrhythmia risk. 

3. Patients and Methods 

30 patients with end-stage renal disease who are on regular 

haemodialysis for at least 4 hours three times per week for at 

least the last 6 months were studied. The haemodialysis is 

carried out using BC-F – liquid bicarbonate concentrate 8.4% 

(Fresenius Medical Care Deutschland GmbH, Bad Homburg, 

Germany) which is the standard in dialysis unit, Assiut 

University Hospitals. 

The study was approved by the ethical committee of Assiut 

Faculty of Medicine. A written consent was taken from every 

participant. All the study patients were subjected to the 

followings: 

(1) Full history taking including age, sex, duration of 

haemodialysis in months and smoking history. 

The fulfilled medical history also included possible history 

of ischaemic heart disease as detected by typical ischaemic 

chest pain, prior myocardial infarction or unstable angina, 

prior PCI or CABG. We asked also about history of diabetes 

mellitus or any drug intake that affects heart rate, QT interval 

or heart rate variability. 

(2) Clinical examination including heart rate and blood 

pressure assessment half an hour after beginning of HD. 

(3) Laboratory assessment: This included serum Mg, K 

and Na levels and complete blood picture. The laboratory 

assessment was done immediately before dialysis. 

(4) Echocardiography: done before haemodialysis to 

obtain left atrial, left and right ventricular dimensions. Also 

to calculate left ventricular systolic function and assess the 

diastolic function. 

(5) Holter monitoring: done for 24 hours for the day of 

haemodialysis. The recording began at least six hours before 

haemodialysis and for 24 hours. The following parameters 

would be obtained for Holter monitoring before, during and 

after haemodialysis: 

a. Maximum, minimum and average heart rate and heart 

rate variability. 

b. Parameters of atrial electrical activity including: P wave 

duration and P wave dispersion. 

c. Parameters of ventricular electrical activity including: 

QTc interval and QT dispersion. 

d. Any premature ectopic activity either atrial or 

ventricular. 

Exclusion criteria included history of ischaemic heart 

disease, diabetes mellitus, drugs that affects the cardiac 

autonomic function or affect QT interval. Also patients with 

atrial fibrillation, those with impaired left ventricular systolic 

function, anaemia and with serum electrolyte abnormalities 

were excluded. 

4. Results 

The study is a prospective study involved 30 patients with 

documented end-stage renal disease and already on regular 

dialysis therapy. The study was conducted in Assiut 

University Hospital during the period between 1
st
 June and 

31
st
 August 2014. 

(1) Baseline data: The following table shows the 

demographic, baseline clinical, laboratory, 

electrocardiographic and echocardiographic criteria of the 

study population. 
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Table (1). Demographic, baseline clinical, laboratory, electrocardiographic 

and echocardiographic criteria of the study population. 

Parameter  

Age (years, mean±SD) 43.9±10.1 

Sex (male %) 53.3 

Smoking (%) 30.0 

Dialysis period (months, mean±SD) 30.9±13.2 

Heart rate (beat/min, mean±SD) 80.2±11.4 

Systolic blood pressure (mmHg, mean±SD) 154.1±17 

Diastolic blood pressure (mmHg, mean±SD) 89.5±11.6 

Serum Na+ (mmol/L, mean±SD) 138.3±7.2 

Serum Mg++ (mmol/L, mean±SD) 1.9±0.4 

Serum Ka+ (mmol/L, mean±SD) 4.7±0.7 

P wave duration (msec., mean±SD) 100.9±9.0 

P wave dispersion (msec., mean±SD) 48.4±8.2 

QTc interval (msec., mean±SD) 403.4±17.8 

QT dispersion (msec., mean±SD) 76.8±10.0 

Left atrial AP diameter (mm, mean±SD) 3.9±0.7 

Parameter  

Left ventricular end-diastolic diameter (mm, mean±SD) 5.4±1.1 

Left ventricular end-systolic diameter (mm, mean±SD) 3.1±1.0 

Left ventricular ejection fraction (%, mean±SD) 59±8 

Right ventricular end-diastolic diameter (mm, mean±SD) 1.7±0.9 

(2) Holter Data: The Holter data were collected for the 30 

patients. The Holter recording started at 9 AM the day of 

dialysis and continued for 24 hours. The recorded period was 

divided for descriptive purpose into three time intervals as 

follow: 

(a) Pre-dialysis: included at least 6 hours interval before 

haemodialysis. 

(b) Haemodialysis: included at least four hours interval, 

the period of haemodialysis. 

(c) Post-dialysis: included the rest of recorded period. 

Table (2). Holter-derived parameters for the study population. 

Parameter Pre-Dialysis Dialysis Post-Dialysis P value 

Heart rate (beat/min, mean±SD) 78.8±10.5 76.7±9.4 76.2±8.3 0.3 

P wave duration (msec., mean±SD) 95.1±10.2 97.5±11.2 87.8±7.3 0.001 

P wave dispersion (msec., mean±SD) 47.7±8.3 47.5±7.8 44.3±6.0 0.004 

QTc interval (msec., mean±SD) 454.1±13.5 459.1±11.0 443.9±10.0 0.001 

QT dispersion (msec., mean±SD) 88.3±9.1 92.7±5.7 81.8±7.3 0.001 

Supraventricular ectopics (n/h) 16.2±8.8 23.0±11.4 11.7±6.6 0.001 

Ventricular ectopics (n/h) 11.1±4.0 16.0±6.6 8.8±3.4 0.001 

Heart rate variability (SDNN in msec.) 113.0±23.0 103.0±19.9 116.1±19.3 0.001 

Table (3). Effect of smoking on cardiac electrical stability among the dialysis patients. 

Parameter Group (A) Group (B) P value 

Pre HD Heart rate (beat/min, mean±SD) 76.0±10.6 80.1±10.5 0.3 

HD Heart rate (beat/min, mean±SD) 73.1±7.1 78.2±10.0 0.1 

Post HD Heart rate (beat/min, mean±SD) 71.1±6.8 78.4±8.0 0.02 

Pre HD P wave duration (msec., mean±SD) 104.0±7.6 91.2±8.7 0.001 

HD P wave duration (msec., mean±SD) 107.8±12.3 93.1±7.4 0.001 

Post HD P wave duration (msec., mean±SD) 93.8±8.3 85.2±5.3 0.002 

Pre HD P wave dispersion (msec., mean±SD) 54.6±7.9 44.8±6.6 0.002 

HD P wave dispersion (msec., mean±SD) 54.7±8.4 44.4±5.2 0.001 

Post HD P wave dispersion (msec., mean±SD) 49.1±8.1 42.3±3.5 0.003 

Pre HD QTc interval (msec., mean±SD) 453.1±13.6 454.5±13.8 0.8 

HD QTc interval (msec., mean±SD) 460.7±12.9 458.4±10.3 0.6 

Post HD QTc interval (msec., mean±SD) 444.2±13.2 443.7±8.7 0.9 

Pre HD QT dispersion (msec., mean±SD) 90.7±11.0 87.2±8.3 0.3 

HD QT dispersion (msec., mean±SD) 95.3±6.9 91.6±4.9 0.1 

Post HD QT dispersion (msec., mean±SD) 85.8±9.1 80.1±5.8 0.049 

Pre HD Supraventricular ectopics (n/h) 21.9±10.0 13.7±7.1 0.016 

HD Supraventricular ectopics (n/h) 31.1±12.1 19.6±9.4 0.008 

Post HD Supraventricular ectopics (n/h) 16.9±8.2 9.4±4.2 0.003 

Pre HD Ventricular ectopics (n/h) 11.8±4.8 10.9±3.8 0.6 

HD Ventricular ectopics (n/h) 21.4±6.9 13.6±5.0 0.002 

Post HD Ventricular ectopics (n/h) 10.0±4.2 8.2±3.0 0.2 

Pre HD Heart rate variability (SDNN in msec) 91.6±14.8 122.2±19.5 0.001 

HD Heart rate variability (SDNN in msec) 93.1±12.9 107.3±21.1 0.03 

Post HD Heart rate variability (SDNN in msec) 97.1±15.2 124.3±14.6 0.001 

 

(3) Effects of the haemodialysis session on arrhythmic 

events: 

Despite the statistically insignificant change in heart rate, 

there is a statistically significant difference in all other 

Holter-acquired parameters. Using repeated Anova test, the 

period of haemodialysis has been proved to be 

arrhythmogenic in terms of atrial and ventricular electrical 

instability. P wave duration and dispersion and QTc interval 
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and dispersion were prolonged during haemodialysis. Also 

the incidence of premature atrial and/or ventricular ectopic 

activities increased during haemodialysis. Moreover, the 

heart rate variability was greatly impaired during 

haemodialysis rendering those patients more susceptible for 

malignant arrhythmias. 

(4) Factors associated with arrhythmic events during 

haemodialysis: 

There was no age nor sex difference in the incidence of 

arrhythmic events among dialysis patients. Moreover, serum 

electrolytes had no effect on Holter-derived parameters. 

(1) Smoking: According to history of smoking, we divided 

the studied population into two groups; 

(1) Group (A) included 9 smoker patients (30%) 

(2) Group (B) included 21 non smoker patients (70%). 

There was statistically significant difference in most 

Holter-derived data accusing smoking to be associated with 

arrhythmia risk among chronic haemodialysis patients.  

 

Figure (1). Effect of smoking on some Holter parameters. 

 

Figure (2). Relation between duration of haemodialysis and P wave dispersion and heart rate variability. 

(2) Duration of dialysis: 

Using Pearson correlation coefficient, there was 

statistically significant positive correlation between duration 

of haemodialysis and P wave duration, dispersion, QTc 

interval, QTC dispersion, presence of premature electrical 

activity in both atria and ventricles. However, there was 
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statistically significant negative correlation between duration 

of haemodialysis and heart rate variability evidenced by 

SDNN. 

Table (4). Relation between duration of haemodialysis and Holter data. 

Parameter r P value 

Pre HD Heart rate (beat/min, mean±SD) - 0.1 0.5 

HD Heart rate (beat/min, mean±SD) - 0.2 0.3 

Post HD Heart rate (beat/min, mean±SD) - 0.3 0.08 

Pre HD P wave duration (msec., mean±SD) 0.3 0.06 

HD P wave duration (msec., mean±SD) 0.4 0.05 

Post HD P wave duration (msec., mean±SD) 0.5 0.01 

Pre HD P wave dispersion (msec., mean±SD) 0.4 0.05 

HD P wave dispersion (msec., mean±SD) 0.4 0.02 

Post HD P wave dispersion (msec., mean±SD) 0.4 0.03 

Pre HD QTc interval (msec., mean±SD) 0.2 0.2 

HD QTc interval (msec., mean±SD) 0.4 0.06 

Post HD QTc interval (msec., mean±SD) 0.3 0.2 

Pre HD QT dispersion (msec., mean±SD) 0.5 0.01 

HD QT dispersion (msec., mean±SD) 0.4 0.04 

Post HD QT dispersion (msec., mean±SD) 0.6 0.001 

Pre HD Supraventricular ectopics (n/h) 0.4 0.02 

HD Supraventricular ectopics (n/h) 0.3 0.06 

Post HD Supraventricular ectopics (n/h) 0.4 0.02 

Pre HD Ventricular ectopics (n/h) 0.6 0.001 

HD Ventricular ectopics (n/h) 0.7 0.001 

Post HD Ventricular ectopics (n/h) 0.7 0.001 

Pre HD Heart rate variability (SDNN in msec) - 0.3 0.1 

HD Heart rate variability (SDNN in msec) - 0.04 0.8 

Post HD Heart rate variability (SDNN in msec) - 0.5 0.007 

5. Discussion 

Haemodialysis provides a treatment for patients with end 

stage renal disease. Thousands of patients all over the world 

are surviving and achieving reasonable quality of life on 

maintenance dialysis. 

Despite recent progress in haemodialysis, mortality is still 

high in patients with end-stage renal disease on chronic 

haemodialysis. Recent studies have reported that this is due 

to an increasing prevalence of cardiac complications in this 

population [16]. Sudden cardiac death is the most common 

form of death in dialysis patients, accounting for 20% to 30% 

of all deaths in this cohort [17]. In the 2006 United States 

Renal Data System (USRDS) database, cardiovascular 

mortality is 30 times higher among dialysis patients than in 

matched individuals from the general population, and the risk 

for arrhythmogenic death is one of the highest in any 

population. Arrhythmia-related deaths are reported in 58% of 

cardiac deaths among peritoneal dialysis and 64% of cardiac 

deaths among haemodialysis patients [18]. 

Haemodialysis patients have frequent electrolyte 

abnormalities, such as highly fluctuating levels of potassium, 

calcium, magnesium and other divalent ions [19]. Due to the 

intermittent nature of the dialysis procedure, patients on 

haemodialysis also have wide fluctuations in volume status, 

bicarbonate and sodium levels, during and between dialysis 

treatments [20]. These fluctuations are partly driven by the 

level of potassium, sodium and calcium in the dialysate bath, 

as well as by a wide variability in eating habits and varying 

adherence to dietary prescriptions to control phosphate, 

calcium and sodium intake [21]. All of these factors 

contribute to a potentially “arrhythmogenic milieu” 

Identification of high-risk individuals, particularly those 

susceptible to cardiac death, is of clinical importance. There 

are many parameters to assess the arrhythmogenic risk in 

those high risk patients. 

P wave duration and dispersion have been attributed to the 

atrial action potential. An increase in P-wave maximum 

duration and dispersion during haemodialysis session has 

been described. This may be responsible for the increased 

occurrence of atrial fibrillation. [10]. This phenomenon has 

been interpreted as a sign of intra-atrial conduction slowing. 

Moreover, the frequent occurrence of supraventricular 

ectopic beats during haemodialysis sessions may trigger AF 

episodes in a situation that is already highly favorable for the 

onset of arrhythmias [22]. 

In our study, despite the statistically insignificant change 

in heart rate, there is a statistically significant difference in all 

parameters of atrial electrical activity. P wave duration and 

dispersion were prolonged during haemodialysis. Also the 

incidence of premature atrial ectopic activities increased 

during haemodialysis. 

In non uremic patients, episodes of torsade de pointes 

often occur due to a combination of factors, including a long 

QTc with bradycardia or pauses, or electrolyte abnormalities 

such as hypokalemia, hypomagnesemia or hypocalcemia, 

factors commonly associated with dialysis process. [3] End 

stage renal disease patients incur into sudden changes in 

plasma electrolyte concentrations during the haemodialysis 

session probably resulting in changes in the myocardial cells’ 

action potential [23]. For this reason, haemodialysis 

represents a unique human model to test in vivo the effects of 

rapid changes in plasma electrolytes and the analysis of acute 

electrocardiographic alterations induced by haemodialysis 

may contribute to clarify the mechanisms involved in the 

genesis of cardiac arrhythmias [22]. QT dispersion 

(maximum minus minimum QTc interval on a standard 12-

lead electrocardiogram) is also taken as a risk factor for 

ventricular arrhythmias and sudden death [12]. Several 

authors have reported an acute increase in both QTc and QT 

dispersion during haemodialysis [17, 24]. Although this 

would support the increase in sudden death related to the 

dialysis procedure, there are relatively few data showing a 

direct link between increased QTc or QT dispersion induced 

by dialysis and either arrhythmia or sudden death [21]. 

Moreover, some authors report a heterogenic effects of 

haemodialysis on both QTc or QT dispersion [13, 25]. The 

heterogenic effect of dialysis on QT interval is mirrored in 

the wide range of reported frequency of dialysis-induced 

arrhythmias, which occur anywhere between <5% and 90% 

of dialysis treatments [3]. 

Our study reported a statistically significant increase in 

both QTc and QT dispersion during haemodialysis session in 

comparison to pre-and post-dialysis periods. This was 

directly reflected on the frequency of premature ventricular 
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ectopic activities that increased during dialysis session. 

Heart rate variability provides a non-invasive method for 

investigating autonomic input into the heart. It quantifies the 

amount by which the R–R interval or heart rate changes from 

one cardiac cycle to the next. In normal individuals, without 

cardiac disease, the heart rate has a high degree of beat-to-

beat variability. heart rate variability fluctuates with 

respiration, that is primarily mediated by parasympathetic 

activity. Higher values of heart rate variability are associated 

with functionally efficient autonomic control. Heart rate 

variability has been used to evaluate the risk of sudden 

cardiac death in a variety of conditions including cardiac 

disorders, stroke, multiple sclerosis, end stage renal disease, 

neonatal distress, and diabetes [26]. 

Studies of heart rate variability and end-stage renal disease 

patients have shown a decrement in heart rate variability. Vita 

et al. [27] demonstrated in 30 uraemic patients that 53% of 

patients had autonomic dysfunction reflected as diminished 

heart rate variability. Moreover, Fukuta et al. [8] in a 

prospective large study included 120 patients on regular 

haemodialysis, reported that decrease in some heart rate 

variability measures, particularly those reflecting long-term 

variability, are independent predictors of cardiac death during 

long term follow-up in patients on chronic haemodialysis. 

Our study reported a temporary decrement in heart rate 

variability during haemodialysis session that was nearly 

returned to its pre-dialysis value after haemodialysis. Though 

the decrease in heart rate variability was statistically evident, 

it was not as low as to cause serious arrhythmia or worse 

outcome. We reported intradialytic SDNN about 103 msec. 

compared to 113 and 116 msec. pre- and post-dialysis 

respectively. This was also previously reported by Tong and 

Hou [28]. They stated that some heart rate variability 

parameters are particularly sensitive to the haemodialysis 

procedure. SDNN was significantly reduced during the 3 

hours of dialysis and recovered 2 hours after haemodialysis 

to values similar to pre-dialytic period. 

Our study highlighted the arrhythmogenic character of 

intradialytic interval. This is demonstrated by intra-dialytic 

increased P wave duration and dispersion, prolonged QTc 

and QTc dispersion, decrease in heart rate variability and 

increased frequency of both supraventricular and ventricular 

ectopics. However, the most arrhythmogenic period 

responsible for sudden cardiac death among haemodialysis 

patients is still a matter of debate. It is not clear whether the 

process of dialysis itself causes sudden cardiac death or not. 

Epidemiological data shows an increased risk during the 12-

hour period after the onset of dialysis. This involves the 

dialysis and early post-dialysis periods [29]. Moreover, 

Studies using ambulatory electrocardiogram have 

demonstrated an increased rate of ventricular arrhythmia 

during dialysis. [30]. 

Our study showed that smoking was linked to increase 

arrhythmic risk during dialysis. It is of note that smoking is a 

highly significant risk factor of death during the first 90 days 

on haemodialysis [31]. Conversely, the prevalence of active 

smokers among long-term survivors on haemodialysis is low 

(11.8%) [32]. The analysis of 936 haemodialysis patients 

enrolled in the baseline phase of the haemodialysis study 

sponsored by the US National Institutes of Health revealed 

that smoking is strongly associated with cardiovascular 

disease among haemodialysis patients [33]. Though, the 

relation between smoking and cardiovascular risk in 

haemodialysis patients is well established in many literatures, 

few, if any, discussed the relation between smoking and 

arrhythmia risk in the same cohort. 

Our results also stated that prolonged duration of dialysis 

is associated with arrhythmia risk. In a recent study 

conducted on 150 haemodialysis patients who underwent 48-

hours Holter monitoring, prolonged duration of 

haemodialysis was associated with frequent premature 

ventricular ectopics [34]. On contrast, a small study carried 

out on 18 patients using Holter monitoring demonstrated that 

duration of haemodialysis has no effect on occurrence of 

complex ventricular arrhythmias during haemodialysis [35]. 

However, the small study size doubts the credibility of the 

study and made the statistical bias undeniable. 

6. Conclusions 

Patients on regular haemodialysis are susceptible to 

cardiac arrhythmias either atrial or ventricular. The process of 

haemodialysis itself is arrhythmogenic. Smoking and long 

term haemodialysis were shown to be associated with higher 

incidence of cardiac electrical instability. Further large scale 

multicentre trials should be encouraged to detect other 

possible arrhythmia-related factors among patients on regular 

haemodialysis. 
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