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Abstract 21 

Background  22 

Arrhythmias are responsible for almost 2 out of 3 cardiac deaths among patients on 23 

hemodialysis. We report the prevalence and risk factors for clinically significant arrhythmias 24 

among end stage renal disease (ESRD) patients on maintenance dialysis at a tertiary dialysis 25 

facility in Tanzania. 26 

Methods  27 

Cross-sectional study, involving consenting adults with ESRD was conducted September 2019 to 28 

February 2020.  29 

Arrhythmias were assessed using standard 5-leads Holter electrocardiography placed 15 minutes 30 

before dialysis and connected throughout dialysis. Clinically Significant Arrhythmias (CSA) was 31 

defined as ectopic beats in excess of 10 per hour or any of the ventricular tachycardia or Pause 32 

lasting for at least 2.5 seconds or paroxysmal supraventricular tachycardia or atrial flutter or 33 

atrial fibrillation.  34 

Results 35 

A total of 71 (44.4%) participants had CSA. Factors associated with increased risk for CSA 36 

were: age older than 60 years (OR 34; 95% CI: 5.15-236; P< 0.001), intradialytic blood pressure 37 

change of ≥ 10mmHg (OR 3.85; 95% CI: 1.27-11.7; P=0.017) and the presence of Left 38 

Ventricular Hypertrophy (OR 5.84; 95% CI: 1.85-18.4; P< 0.01). On the contrary, three dialysis 39 

sessions per week (OR 0.14; 95% CI: 0.03-0.67; P=0.013) and use of beta-blockers (OR 0.18; 40 

95% CI: 0.05-0.68; P=0.011) were significantly associated with a decreased risk of CSA.  41 
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Conclusion 42 

Clinically significant arrhythmias are not uncommon in ESRD patients undergoing maintenance 43 

haemodialysis. We recommend increasing vigilance for CSA among older patients (>60 years) 44 

as well as those with left ventricular hypertrophy. Beta blockers among hypertensive ESRD 45 

patients with ventricular hypertrophy could be helpful. 46 

 47 

48 
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Introduction 49 

End-stage renal disease (ESRD) patients are at high risk for mortality. While renal replacement 50 

therapies such as hemodialysis (HD) can reduce mortality risk, the median survival from the time 51 

of initiating HD is 3 years and 5-year survival is <35%.1 Cardiovascular disease is the largest 52 

single cause of death for patients on hemodialysis, responsible for 43% of all-cause mortality.2 53 

Arrhythmias are responsible for 64% of cardiac deaths, which is 27% of all deaths among 54 

patients on hemodialysis.2  
55 

Patients with ESRD are known to have renal failure related complications like Left Ventricular 56 

Hypertrophy (LVH), sympathetic hyperactivity, electrolyte disturbances, acid-base disorders, 57 

uremic toxins and fluid overloads. These complications form a complex interaction which put 58 

these patients in high risk of arrhythmic events.3 Reported burden of arrhythmia in this 59 

population vary depending on the duration and timing of recording, because of wide spontaneous 60 

variability in arrhythmic events.  61 

In Tanzania, renal replacement therapies are scarce and services are evolving. Recently, it has 62 

been reported that 39% (57/146) of ESRD patients seeking emergency care at tertiary facility 63 

died within 30 days of admission.4 In another report, 61% (52) of ESRD patients on maintenance 64 

dialysis were reported to have died (17%) or were lost to follow 44%.5 Despite its importance 65 

and clinical relevance there are scare published data on arrhythmias among ESRD patients on 66 

maintenance hemodialysis in Tanzania. In this report, we describe the prevalence, types and 67 

factors associated with clinically significant intradialytic arrhythmia. 68 

69 
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Methods 70 

Study was reviewed and approved by the Muhimbili University of Health and Allied Sciences 71 

Research ethics board with reference DA.287/298/01A dated August 26th 2019. All eligible 72 

participants were required to provide a written consent after thorough information on the study 73 

was provided prior to recruitment. 74 

Hospital based cross-sectional descriptive study was conducted at a tertiary care hospital 75 

hemodialysis center (Muhimbili National Hospital) between September 2019 and February 2020. 76 

A total of 160 consenting patients, 18 years or above, with ESRD on maintenance hemodialysis 77 

were recruited. 78 

Participants were interviewed by a nurse using a structured questionnaire to obtained socio-79 

demographic information, medical and drug history. Clinical assessment as well as ECG lead 80 

placement were performed by clinician.  81 

Electrocardiogram (ECG) was done using standard 5-leads Holter electrocardiogram machine, 82 

(Schiller Medilog FD5 plus). Patients were made to lay on dialysis bed and approximately 30 83 

minutes before dialysis and Holter connected immediately and rested for about 15 minutes. ECG 84 

tracing was initiated after 15 minutes of rest on the dialysis about 15 minutes before dialysis and 85 

was continued throughout the dialysis. Arrhythmias were broadly classified as supraventricular 86 

and ventricular arrhythmia.  87 

Standard 2D echocardiography was performed for assessment of Left Ventricular Hypertrophy 88 

(LVH) using GE medical systems model number 19 Echocardiography machine employing GE 89 

3S probe and linear method (2D-guided M-mode). Left ventricular hypertrophy was defined as 90 
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left ventricular muscle mass per height greater than 117g/m for men and greater than 89g/m for 91 

females.6  92 

Pre-dialysis hemoglobin, electrolytes, urea and creatinine and post-dialysis urea and creatinine 93 

were measured at the Muhimbili National Hospital central pathology laboratory. Samples 94 

reached the laboratory within two hours of collection. Hemoglobin was analyzed using Beckman 95 

Coulter AcT 5diff AL hematology analyzer (California USA). Serum electrolytes, urea and 96 

creatinine were processed using Biosystem analyzer A15 BIO- SYSTEMS (Barcelona Spain). 97 

The following values were considered normal: hemoglobin ≥12 g/dl for women and ≥ 13.5 g/dl 98 

for men; serum Albumin 35-40g/L; serum calcium 2.25-2.62 mmol/L; potassium 3.5-5mEq/L; 99 

phosphorous 0.81-1.45 mmol/L; creatinine 44-97 μmol/L for female and 53-106 μmol/L for 100 

male; and serum Blood Urea Nitrogen (BUN) 3.6-7.1 mmol/L.  101 

Blood Pressure (BP) monitoring was done at an interval of one hour using automated BP cuff of 102 

Fresenius 4008S hemodialysis machine. At the end of dialysis procedure, the size and type of the 103 

dialyzer, online Kt/V and amount of water removed (ultrafiltration) were recorded in the 104 

questionnaire. 105 

Statistical Package for Social Science (SPSS) version 25 was used for all analysis. The outcome 106 

of interest was clinically significant arrhythmias (CSA) expressed as a proportion. CSA was 107 

defined by at least one of the following criteria: ventricular ectopic beats in excess of 10 beats 108 

per hour; supraventricular ectopic beat in excess of 30 beats per hour; any of the ventricular 109 

tachycardia or pause lasting for at least 2.5 seconds; Paroxysmal Supraventricular Tachycardia 110 

(PSVT); atrial flutter and atrial fibrillation.  111 
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Proportions were analysed using Chi-squared test or fisher’s exact test in wherever appropriate.  112 

Continuous variables were expressed as mean ± standard deviation or median/Interquartile range 113 

and analyzed using student T test or Mann-Whitney U test as deemed appropriate. Multivariate 114 

logistic regression models were applied to all factors with P-value of ≤ 0.2 at univariate analysis 115 

to determine the independent association of risk factors with CSA. A 2-sided p-value of 0.05 was 116 

considered statistically significant and 95% confidence intervals (CIs) are presented for all odds 117 

ratios (ORs). 118 

Results 119 

During the study period, we recruited 160 study participants. Table 1 present baseline 120 

characteristics study participants. The mean age of the study participants was 52±13 year, more 121 

than half of the patients were 60 years or below; and about two thirds were males. Majority of 122 

the participants (78.8%) had hypertension while 43.8% had diabetes mellitus.  More than half of 123 

the participants (54%) had Left ventricular hypertrophy (LVH) while 61.9% had moderate 124 

anemia. A total of 117 (73%) participants were using antihypertensives.  Seventy-one percent of 125 

patients were using at least two antihypertensives, mainly calcium channel blockers and 126 

hydralazine. A total of 70% participants were regularly attending haemodialysis three sessions 127 

per week (table 1). 128 

Prevalence of arrhythmia and CSA 129 

Table 2 present prevalence and distribution of arrhythmia and CSA. Among 160 participants, at 130 

least one arrhythmic event was recorded in 147 participants, giving an overall prevalence of 131 

arrhythmia of 92%. Ventricular events were more prevalent (81%) compared to Supraventricular 132 

events (51%). Some participants had both ventricular and supra ventricular events. On the other 133 
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hand, 71 (44.4%) of study patients experienced CSA. Clinically significant Ventricular events 134 

(VE) were more prevalent (31%) as compared to clinically significant Supra Ventricular Events 135 

(SVE) 21%. 136 

Types of arrhythmias 137 

Figure 1&2 present types of arrhythmia which were recorded, while supplementary figure S1 138 

presents samples of ECG tracing from some participants. Supraventricular events were recorded 139 

in total of 82 participants where supraventricular extrasystoles were recorded in 78 participants, 140 

couplets in 15 participants, tachycardia in 11 participants, bradycardia in 3 participants, pause in 141 

3 participants and triplets in 3 participants (figure 1). 142 

Ventricular events were recorded in total of 130 participants where ventricular ectopic beats 143 

were recorded in 102 participants, ventricular couplets in 50 participants, ventricular triplets in 144 

18 participants, bigemy in 8 participants, idioventricular rhythm in 6 participants, trigemy in 5 145 

participants and Non-sustained Ventricular Tachycardia (NSVT) in 3 participants (Figure 2). 146 

Factors associated with intra-dialytic clinically significant arrhythmia 147 

Associated factors for Clinically Significant Arrhythmia (CSA) are presented in table 3. Briefly, 148 

ESRD patients who were 60 years or older were thirty-four times more likely to present with 149 

intradialytic CSA compared to those aged 20 - 39 years (OR 34; 95% CI: 5.15-236; P< 0.001). 150 

On the same note intradialytic blood pressure change of ≥10 mmHg (OR 3.85; 95% CI: 1.27-151 

11.7; P=0.017) and presence of Left Ventricular Hypertrophy (LVH) (OR 5.84; 95% CI: 1.85-152 

18.4; P< 0.01) were significantly associated with increased odds of CSA.  153 
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Doing three (3) dialysis sessions per week was associated with 86% reduced odds for 154 

intradialytic CSA (OR 0.14; 95% CI: 0.03-0.67; P=0.013). Equally, use of beta-blockers was 155 

significantly associated with 82% reduction in odds of intradialytic CSA (OR 0.18; 95% CI: 156 

0.05-0.68; P=0.011). Noteworthy, is that use of ACEI/ARBs as anti-hypertensive were 157 

associated with reduced odds of CSA at univariate (OR 0.30; 95% CI: 0.10-0.84; P=0.023) but 158 

not at multivariate analysis (OR 0.16; 95% CI: 0.027-1.01; P=0.05). 159 

Discussion 160 

In this study among patients with ESRD on maintenance haemodialysis at a tertiary hemodialysis 161 

clinic, continuous cardiac monitoring during dialysis revealed many important findings. First, 162 

there was a high prevalence of subtle and even Clinically Significant Arrhythmia (CSA). 163 

Secondly ventricular arrhythmias were more prevalent than supraventricular arrhythmias. 164 

Thirdly; older age, intradialytic blood pressure changes of ≥ 10 mmHg and left ventricular 165 

hypertrophy were significantly associated with increased risk of CSA, while doing three (3) 166 

sessions per week, use of beta blockers and ACEIs/ARBs as antihypertensives were associated 167 

with reduced risk of CSA, finally, majority of the study participants were males and middle 40 – 168 

60 years old. 169 

Similar to previous reports by Sforzini et al7, our study found that VEs were commoner than 170 

Supraventricular Events (SVE) although RT et al8 reported Supraventricular events (94%) as 171 

more common types of arrhythmias. The higher burden of ventricular events observed in our 172 

study could be due to high burden of left ventricular hypertrophy. Indeed, it is known that LVH 173 

is associated with arrhythmias and sudden death as a result of myocardial remodeling and 174 

arrhythmogenesis.9 175 
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Our study recorded four Clinically CSA out of ten study population, slightly lower than rate 176 

reported by Wong et al10 and Roy-Chaudhury et al11 60 and 67% respectively. Higher rates from 177 

the two studies can be explained by longer cardiac monitoring at a mean duration of 6 months.  178 

Longer cardiac monitoring overcomes the problem of spontaneous and circadian variabilities of 179 

arrhythmic events. Our resources and setting did not provide opportunity for longer monitoring.  180 

Patient’s age above 60 years was significantly associated with increased odds of Clinically 181 

Significant Arrhythmia (CSA). Similar to our finding, Cheung et al12 found the prevalence of 182 

arrhythmias was twice higher in older patients while Roy-Chaudhury et al11 found 6% increased 183 

incident clinically significant arrhythmias per year increase in age. Hemodialysis is associated 184 

with hemodynamic changes and autonomic imbalance which predispose the myocardium to 185 

arrhythmias. Youths and young adults are likely to tolerate these physiological changes, in other 186 

hand older adults are less likely to tolerate these changes and are prone to suffer from 187 

arrhythmias.13  188 

Compared to less than 3 sessions, three dialysis sessions per week dialysis schedule was 189 

associated with 86% reduced risk of intradialytic CSA. Standard dialysis protocol recommends 190 

thrice sessions per week; in this schedule there are two short interdialytic intervals (2 days) and 191 

one long interdialytic interval (3 days). Foley et al14 observed that hospital admission with 192 

cardiovascular events such as myocardial infarction and dysrhythmia, was more common during 193 

long interdialytic interval. More frequent dialysis session reduces electrolyte and fluid overload 194 

both of which increases the risk for arrhythmias. Indeed, our study found that patients doing less 195 

than three sessions per week had relatively higher pre-dialysis serum calcium levels and water 196 

retention compared to those doing three sessions. Less frequent dialysis sessions among our 197 

patients was mainly due to financial constraints to meet dialysis costs. 198 
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Haemodialysis treatment is commonly associated with reduction in systolic BP of about 10-15 199 

mmHg.15 However, some patients experience increases in BP during the treatment. Therefore, 200 

BP may rise or fall during dialysis procedure. Our study observed that a change in BP of at least 201 

10mmHg from baseline is independently associated with increased odds of intradialytic CSA. 202 

Previous studies have analysed the association of intradialytic hypertension with clinical 203 

outcomes like rate of admissions and mortality; none of them has analysed the association of 204 

intradialytic BP change and arrhythmia.16 
205 

Our study has observed a protective role of beta-blockers in study participants, where use of 206 

beta-blocker as antihypertensive was independently associated with 82% reduction of 207 

intradialytic CSA. Beta-blockers have well established role in treatment of Supraventricular 208 

Tachycardia (SVT) and Ventricular tachyarrhythmias (VT).17 Beta-blockers are also used as 209 

prophylactic medications in SVT, VT and Sudden Cardiac Arrest survivors.17 210 

 Patients with Left Ventricular Hypertrophy (LVH) had 5.8 times more intradialytic CSA 211 

compared to those with no LVH in our study (P< 0.001). Many previous studies have implicated 212 

LVH to cause arrhythmias. Some previous studies showed patients with LVH have 40 times 213 

more premature ventricular contractions than normotensive subjects or hypertensive patients 214 

without LVH, including ventricular couplets, multifocal ventricular ectopy, or runs of VT.18,19 215 

Previous prevalence studies have shown that LVH is associated with higher prevalence of 216 

premature and complex ventricular arrhythmias.20,21 As there are several types of LVH, Studies 217 

at Ochsner18,19 have demonstrated that all types of LVH, including concentric LVH, isolated 218 

septal hypertrophy and eccentric LV are associated with more frequent and complex ventricular 219 

arrhythmia. 220 
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Our study observed that most of study participants were middle aged between 40 and 60 years. 221 

The cause (s) of ESRD in our patients was not within the scope of our study, however 78.8% (n= 222 

126) of our patients reported history of hypertension. Therefore, early onset hypertension could 223 

be the cause of early onset ESRD and need for renal replacement therapy. Our hypothesis is 224 

supported by a study by Mussa KN22 who found among school and college students in Tanzania 225 

and Uganda, 29% had pre-hypertension and 11% had hypertension. This call for primary 226 

intervention for the causes of ESRD. On the other side, hypertension could also be a sign of the 227 

kidney’s failure to regulate blood pressure. 228 

This study used Holter monitor for continuous monitoring of cardiac electrical activities 229 

throughout dialysis session, limiting spontaneous variabilities in arrhythmic events. To the best 230 

of our knowledge the first in Tanzania to provide important information on risk stratification for 231 

CSA  232 

Smaller sample size is a limitation for proper analysis of factors associated with CSA particularly 233 

age evidenced by wider confidence intervals. In addition, longer monitoring for up to 48 hours 234 

could improve our findings on prevalence and factors associated with CSA post inter dialysis. 235 

Clinically Significant Arrhythmias (CSA) are common in HD patients. Age above 60 years, 236 

intradialytic blood pressure change ≥ 10mmHg and presence of LVH significantly associated 237 

with increased odds of intradialytic CSA. Doing 3 sessions per week and use of beta-blockers 238 

were significantly associated with decreased odds of intradialytic CSA. 239 

240 
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Tables 335 

Table 1: Baseline characteristics of patients on maintenance haemodialysis at Muhimbili 

National Hospital (N=160) 

Variable n (%) 

Age in years  

20-39 31 (19) 

40-59 83 (52) 

60 and older 46 (29) 

Gender Male 

Male  104 (65) 

*BMI kg/m2  

Underweight 13 (8.1) 

Normal 82 (51.2) 

Overweight 50 (31.3) 

Obesity 15 (9.4) 

Comorbidities  

Hypertension 126 (78.8) 

Diabetes Mellitus 70 (43.8) 

HIV 11 (7) 

LVH 86 (54) 

Drugs currently using  

Calcium blockers 87 (54.4) 

Beta blockers 35 (22) 

ACEI/ARB 23 (14) 
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Number of dialysis sessions/week  

   3 112 (70) 

< 3 48 (30) 

#Anaemia  

Severe Anaemia 43 (26.9) 

Moderate Anaemia  99 (61.9) 

Normal  18 (11.2) 

Laboratory values n (IQR) 

Serum ca2+ (mmol/L) 2.1 (1.9, 2.3) 

Serum K+ (mEq/L) 4.7 (3.9, 5.2) 

Serum creatinine (µmol/L) 856 (629, 1015) 

BUN (mmol/L) 15 (11,19) 

BMI= Body Mass Index HIV= Human Immunodeficiency Virus LVH= Left Ventricular 

Hypertrophy ACEI= Angiotensin Converting Enzyme Inhibitor ARB= Angiotensin Receptor 

Blocker BUN= Blood Urea Nitrogen IQR= Interquartile Range 

 #Anaemia was defined as follows: normal: hemoglobin ≥12 g/dl for women and ≥ 13.5 g/dl 

for men; Mild Anaemia - hemoglobin 10.9-11.9 g/dL for women and 10.9-13.4g/dL), moderate 

(Hemoglobin between 8-10.9 g/dl) and Severe (Hemoglobin < 8 g/dl).  *BMI was categorized as 

follows: Underweight (BMI <18.5 kg/m2), Normal (BMI between 18.5-25 kg/m2), Overweight 

(BMI between 25.1-30 kg/m2) and Obesity (BMI > 30 kg/m2) 

 336 

337 
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 338 

Table 2: Distribution of arrhythmias and clinically significant arrhythmias among 

patients on maintenance hemodialysis at Muhimbili National Hospital (N=160) 

Variable n      (%) 

Arrhythmia 147   (92) 

Supraventricular events 82*   (51) 

Ventricular events 130* (81) 

  

Clinically significant arrhythmia 71   (44.4) 

Clinically significant SVE 34* (21) 

Clinically significant VE 50* (31) 

*Sum of supraventricular and ventricular events is ≥ 160 because some patients had both events 339 

340 
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 341 

Table 3: Univariate and multivariate logistic regression of factors associated with Clinically 

Significant Arrhythmia among patients on maintenance haemodialysis at Muhimbili National 

Hospital. 

Variable  Crude OR (95% 

CI) 

P-value Adjusted OR (95% 

CI) 

P- value 

Age      

20-39 Ref  Ref   

40-59 2.75 (1.02-7.43) 0.046 4.56 (0.90-23) 0.066 

60 and older 9.52 (3.20-28.3) <0.001 34 (5.15-236) < 0.001 

Sex      

Female  Ref   Ref   

Male  1.09 (0.57-2.12) 0.777 0.54 (0.16-1.77) 0.308 

Sessions of dialysis/week     

< 3 Ref   Ref   

  3 0.64 (0.32-1.27) 0.200 0.14 (0.03-0.67) 0.013 

Calcium blockers     

No  Ref   Ref   

Yes  0.54 (0.28-1.04) 0.06 0.45 (0.14-1.40) 0.167 

Beta blockers     

No  Ref   Ref   

Yes  0.29 (0.12-0.68) 0.005 0.18 (0.05-0.68) 0.011 
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ACEI/ARBs     

No  Ref   Ref   

yes 0.30 (0.10-0.84) 0.023 0.16 (0.027-1.01) 0.05 

Intradialytic change in 

Blood Pressure (mmHg) 

    

<10 Ref   Ref   

≥ 10 3.27 (1.68-6.36) <0.001 3.85 (1.27-11.7) 0.017 

Dialyzer surface area 

(FX class) (m2) 

    

1.4 Ref   Ref   

1.8 0.41 (0.19-0.85) 0.018 0.61 (0.18-2.03) 0.414 

2.2 1.66 (0.66-4.18) 0.282 1.81 (0.34-9.52) 0.485 

Pre-dialysis serum 

Potassium (mEq/L) 

    

<3.5 Ref   Ref   

3.5-5 3.58 (0.70-18.3) 0.124 2.03 (0.15-27) 0.592 

>5 2.82 (0.54-14.8) 0.220 0.43 (0.03-6.5) 0.546 

Left Ventricular 

Hypertrophy (LVH) 

    

No  Ref   Ref   

Yes  5 (2.52-9.92) <0.001 5.84 (1.85-18.4) 0.003 

 342 
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Figure 1: Types of arrhythmia observed among patients on maintenance hemodialysis at 

Muhimbili National Hospital (N=160) 

 343 
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Figure 2: Types of arrhythmia observed among patients on maintenance hemodialysis at 

Muhimbili National Hospital (N=160) 

 

 349 

 350 

 351 

 352 

 353 

 354 

 355 
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 Supplementary tables and figures 356 

 357 

Table S1: Laboratory values and hemodynamics for patients doing 2 sessions/week and 3 

sessions/week at Muhimbili National Hospital (N#) 

Variable  

Hemoglobin (g/dl) 

3 sessions  

8.9±1.7  

2 sessions 

8.6±2  

P value 

0.34 

Serum Albumin (g/L) 35.7±9  35±6.2  0.63 

Serum K+ (mEq/L) 4.6±0.8  4.8±1  0.20 

Serum Ca2+ (mmol/L)                                                                                                          2.1±0.4  2.4±1  0.01 

Ultrafiltration (ml) 1848±896  2188±757  0.03 

BUN 16.3±11.3  17±7  0.70 

 

Creatinine 849±270  857±236  0.86 

Baseline SBP (mmHg) 155±27  157±25  0.67 

Baseline DBP (mmHg) 83±15  84±13  0.70 

Table has different N values because of missing data 358 

 359 

360 
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Figure S1: Examples of arrhythmic events recorded by Holter recorder 361 

The tracing recorded in (A) shows Ventricular Ectopic beat and Ventricular Couplets; the record in (B) 362 

shows Isolated ventricular premature beat; (C) shows Premature atrial beat; (D) Shows bradycardia; (E) 363 

shows tachycardia; (F) shows paroxysmal supraventricular tachycardia; (G) shows ventricular bigemy; 364 

(H) shows ventricular trigemy. 365 

A. B. 

C. D. 

E. F. 
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G. H. 

 

 366 



Figures

Figure 1

Types of arrhythmia observed among patients on maintenance hemodialysis at Muhimbili National
Hospital (N=160)



Figure 2

Types of arrhythmia observed among patients on maintenance hemodialysis at Muhimbili National
Hospital (N=160)

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

Supplementarytable.pdf

SupplementaryFigure.pdf

https://assets.researchsquare.com/files/rs-150987/v1/7d32070e8f8e98d8ca3e297b.pdf
https://assets.researchsquare.com/files/rs-150987/v1/98b3e129ef9c9c07ff13a79a.pdf

