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1. Introduction 

The number of patients suffering from chronic kidney disease (CKD) and end-stage renal 
disease (ESRD) is increasing worldwide (Ansell et al., 2007; National Institutes of Health, 
2009). Mortality is high with cardiac disease being the primary cause of death, especially in 
long-term dialysis patients (84.5 per 1000 patient years) (National Institutes of Health, 2009). 
Yearly mortality is ~4% in dialysis patients younger than 20 years but rises gradually to 
35% in patients older than 65 years. Ventricular arrhythmias account for >60% of all sudden 
cardiac deaths (SCD) (Bleyer et al., 2006; Eknoyan et al., 2002; Wanner et al., 2005). A 
retrospective analysis of the Multicenter Automatic Defibrillator Implantation Trial showed 
a correlation between renal function and risk of SCD (Goldenberg et al., 2006). For each 10 
unit reduction in estimated glomerular filtration rate (eGFR), the risk of all-cause mortality 
and SCD increased by 16% and 17%, respectively.  
Outcome after a cardiac arrest is poor. Most dialysis patients die immediately or within 30 
days after a cardiac arrest (Herzog et al., 2005). Measures aimed at modifying risk factors 
and preventing this catastrophic outcome are urgently needed (De Bie et al., 2009; Passman 
et al., 2011; Young, 2011). 

2. Risk factors for sudden cardiac death 

In the general population, ischaemic heart disease and moderate to severe left ventricular 
systolic dysfunction are the major risk factors for SCD (National Institutes of Health, 2009). 
CKD patients often suffer from significant cardiovascular morbidity (hypertension, diabetes, 
vascular disease). However, the exact pathophysiology of SCD in dialysis patients is not fully 
understood and includes risk factors specifically related to end-stage renal disease. Left 
ventricular hypertrophy (LVH) is one potential factor. It is very common in dialysis patients 
and often accompanied by microvascular disease and marked interstitial fibrosis which is 
more pronounced than in non-renal patients with similar degrees of LVH (Amann et al., 1998). 
Other cardiac abnormalities associated with CKD are functional and structural changes of 
intramyocardial arteries, reduced capillary density and abnormalities of myocardial 
metabolism leading to reduced myocardial perfusion reserve (Amann & Ritz, 1997). Increased 
sympathetic activity has also been identified as a cause for the increased risk of SCD 
(Nishimura et al., 2010). Recent hospitalization, malnutrition, inflammatatory processes and 
use of catheter for dialysis access are also markers of increased risk (Pun et al., 2011). 
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Several studies have reported a temporal relationship between SCD and the haemodialysis 
procedure (Bleyer et al., 2006; Karnik et al., 2001; Pun et al., 2011). Reports suggest that 20-
30% of dialysis treatments are complicated by intradialytic hypotension. 
Electrocardiographic, isotopic and echocardiographic investigations have confirmed that 
periods of subclinical myocardial ischaemia and myocardial stunning occur during 
haemodialysis (Selby & McIntyre, 2007). Large fluid and electrolyte shifts, low dialysis dose 
and low pre-dialysis potassium levels are contributing factors (Bleyer et al., 2006; Karnik et 
al., 2001; Port et al., 2002 Pun et al., 2011). Rates of SCD per dialysis session range from 3.4 in 
100.000 to 7.0 in 100.000 dialysis sessions in the outpatient setting and to 12.5 in 100.000 
dialysis sessions in hospital-based haemodialysis units (Bleyer et al., 2006; Lafrance et al., 
2006). Cardiac arrests are more common on the first dialysis day after a 2-day hiatus (Davis 
et al., 2008). The risk is particularly high during and immediately after haemodialysis rather 
than pre-dialysis. Concomitant beta-blocker therapy is beneficial. The risk also declines after 
renal transplantation.  
Data on the incidence of SCD in patients treated with peritoneal dialysis is sparse. Wang et 
al reported a 25% incidence of SCD in 230 peritoneal dialysis patients which is similar to 
that in haemodialysis patients (Wang et al., 2010). As fewer abrupt electrolyte shifts occur 
with peritoneal dialysis than with haemodialysis, it supports the hypothesis that SCD in 
dialysis patients is predominantly caused by abnormalities of the myocardium common in 
ESRD rather than the type of dialysis.  

3. Interventions to reduce the risk of sudden cardiac death 

3.1 Medical interventions 
There is evidence from observational and interventional studies that beta-blocker therapy 
improves outcome in dialysis patients, especially after a cardiac arrest (Cice et al., 2003; 
Foley et al., 2002; Pun et al., 2007). However, despite this benefit, less than 30% of 
haemodialysis patients are prescribed beta-blocker therapy (Abbott et al., 2004).  
The role of statins in preventing SCD in dialysis patients remains uncertain. The 4D 
study evaluated the effectiveness of atorvastatin in 1255 haemodialysis patients with 
diabetes mellitus and found no beneficial effect on cardiovascular mortality, non-fatal 
myocardial infarction and stroke despite a reduction in LDL cholesterol (Wanner et al., 
2005). In contrast, a meta-analysis by Strippoli et al demonstrated that statin therapy in 
CKD patients significantly reduced lipid concentrations and led to a 20% reduction in 
non-fatal cardiovascular events (Strippoli et al., 2008). There was no benefit on all-cause 
mortality.  

3.2 Role of implantable cardioverter defibrillator for primary prophylaxis 
In patients suffering from reduced left ventricular ejection fraction (LVEF), implantable 
cardioverter defibrillators (ICD) have emerged as the most effective treatment to reduce the 
risk of SCD. ICD implantation is recommended for the primary prevention of sudden 
cardiac death in patients with Class II and III congestive heart failure and decreased LVEF. 
In patients with refractory heart failure, cardiac resynchronization therapy has been shown 
to improve symptoms, reduce hospitalizations, and reduce mortality. However, patients 
with advanced CKD were excluded from most ICD trials despite the fact that the prevalence 
of left ventricular dysfunction in dialysis patients is reported to be in the vicinity of 14% 
(Mark et al., 2006). 
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Data from retrospective analyses showed that CKD patients treated with an ICD for primary 
prophylaxis against SCD had better outcomes compared to CKD patients treated with 
conventional therapy alone (Hager et al., 2010). However, there is evidence that ICD efficacy 
is dependent on renal function. 958 patients with left ventricular dysfunction who had 
undergone ICD placement for primary prevention of SCD were stratified into 5 groups 
according to their CKD stage. The median survival time for patients with stage I to V was 
78, 90, 80, 42 and 21 months, respectively (p<0.0001), and the likelihood of death at 1 year 
was significantly greater for patients with CKD stage IV or V than for those with stage I. 
Goldenberg et al came to similar conclusions in their retrospective analysis of patients 
enrolled into the Multicenter Automatic Defibrillator Implantation Trial (Goldenberg et al., 
2006). ICD therapy was only associated with a survival benefit in patients with eGFR ≥ 35 
ml/min/1.73m2 but not in patients with eGFR <35ml/min/1.73m2. Using a decision 
analysis model of primary prevention ICD implantation, Amin et al showed that ICD 
implantation in patients with CKD stage V was only favoured in those aged <65 years 
(Amin et al., 2008).  
The benefit of ICD therapy in dialysis patients is questionable. To date, no randomized 
clinical trials have been performed in this area.  Khan et al reported the impact of ICDs on 
survival in 78 patients with advanced CKD of whom 45 patients were on dialysis (Khan et 
al., 2010). In the dialysis cohort, ICD therapy did not impact survival whereas in CKD 
patients not on dialysis, survival was significantly better in patients with an ICD (2-year 
survival 80% versus 54%; p=0.027). This benefit persisted after adjusting for gender, race, 
eGFR, digoxin use and presence of coronary heart disease, heart failure, or hypertension.   
A meta-analysis on the outcome of patients with an ICD included data of 7 studies with a 
total of 2516 patients and 89 patients receiving dialysis (Sakhuja et al., 2009). Despite an ICD, 
dialysis patients had a 2.7 fold higher mortality compared to those not on dialysis. The 
authors came to the conclusion that ICD therapy did not appear to close the mortality gap 
between dialysis patients and those not receiving dialysis. This lack of benefit from ICDs in 
patients with advanced CKD may be explained by more advanced coronary artery disease, 
concomitant left ventricular hypertrophy, higher propensity for electrolyte imbalances and 
higher infection risk, all leading to increased susceptibility to arrhythmias and refractoriness 
to treatment (Dasgupta et al., 2007; Wase et al., 2004). Another proposed mechanism for the 
reduced benefit may be resistance to ICD therapy with declining renal function. Wase et al 
found that >35% of dialysis patients had elevated defibrillation thresholds compared to 
<10% among patients without CKD (Wase et al., 2004). 

3.3 Role of implantable cardioverter defibrillator for secondary prophylaxis 
Despite the lack of benefit of ICDs in primary prevention of SCDs in dialysis patients, there 
may be a role for ICDs for secondary prevention in survivors of a cardiac arrest. 
Retrospective data showed that in patients who survived for 30 days after a cardiac arrest, 
the median survival in the ICD group was 26 months compared to 11 months in the non-
ICD group (Herzog et al., 2005). However, only 8% of the dialysis patients who survived a 
cardiac arrest episode in fact underwent implantation of an ICD. Patients with an 
unfavorable clinical status post arrest were excluded.  
Considering the high incidence of cardiac deaths in dialysis patients and the cost-
effectiveness of ICDs seen in patients with normal or mildly impaired renal function, there 
is a need for further clinical trials in patients with advanced CKD. Three critical issues 

www.intechopen.com



 
Cardiac Defibrillation – Mechanisms, Challenges and Implications 

 

210 

remain: whether there is a role for ICDs in dialysis patients, how to identify those patients 
who would benefit most from such therapies, and how to achieve even greater prevention, 
especially primary prevention. Results from “The Implantable Cardioverter Defibrillator in 
Dialysis patients (ICD2) study” are awaited (De Bie et al., 2008). This prospective 
randomised controlled study is the first trial which evaluates the possible benefit of 
prophylactic ICD therapy for the primary prevention of sudden cardiac death in dialysis 
patients aged 55-80 years with 4-year follow up data.  

4. Conclusions 

Advanced CKD is associated with a high risk of SCD. Prophylactic ICD implantation has a 
beneficial role in patients with eGFR > 35ml/min/m2 but there is less evidence for its use in 
dialysis patients. Until the results of future trials are available, clinical management needs to 
focus on preventive strategies, including regular review of the dialysis prescription, 
avoidance of rapid electrolyte shifts and frequent evaluation of concomitant medication, 
especially cardioprotective drugs.   

5. References 

Abbott, KC.; Trespalacios, F.C.; Agodoa, L.Y.; Taylor, A.J. & Bakris, G.L. (2004). Beta-blocker 
use in long-term dialysis patients: association with hospitalised heart failure and 
mortality. Arch Intern Med, Vol.164, pp. 2465-2471 

Amann, K. & Ritz, E. (1997). Cardiac disease in chronic uremia: pathophysiology. Adv Ren 
Replace Ther, Vol.4, pp. 212-224 

Amann, K.; Rychlik, I.; Miltenberger-Milteny, G. & Ritz, E. (1998). Left ventricular 
hypertrophy in renal failure. Kidney Int Suppl, Vol.68, pp.S78-S85 

Amin, M.S.; Fox, A.D.; Kalahasty, G.; Shepard, R.K.; Wood, M.A. & Ellenbogen, K.A. (2008). 
Benefit of primary prevention implantable cardioverter-defibrillators in the setting 
of chronic kidney disease: a decision model analysis. J Cardiovasc Electrophysiol, 
Vol.12, pp.1-6 

Ansell, D.; Feehally, J.; Feest, T.G.; Tomson, C.; Williams, A.J. & Warwick, G. (2007). UK 
Renal Registry Report 2007, Bristol, UK: UK Renal Registry  

Bleyer, A.J.; Hartman, J.; Brannon, P.C.; Reeves-Daniel, A.; Satko, S.G. & Russell, G. (2006). 
Characteristics of sudden death in hemodialysis patients. Kidney Int, Vol.69, 
pp.2268-2273 

Cice, G.; Ferrara, L.; D’Andrea, A.; D’Isa, S.; Di Benedetto, A., Cittadini, A.; Russo, P.E.; 
Golino, P. & Calabro, R. (2003). Carvedilol increases two-year survival in dialysis 
patients with dilated cardiomyopathy: a prospective placebo-controlled trial. J Am 
Coll Cardiol, Vol.41, pp.1438-1444 

Dasgupta, A.; Montalvo, J.; Medendorp, S.; Lloyd-Jones, D.M.; Ghossein, C.; Goldberger, J. 
& Passman, R. (2007). Increased complication rates of cardiac rhythm management 
devices in ESRD patients. Am J Kidney Dis, Vol.49, pp.656-663 

Davis, T.R.; Young, B.A.; Eisenberg, M.S.; Rea, T.D.; Copass, M.K. & Cobb, L.A. (2008). 
Outcome of cardiac arrests attended by emergency medical services staff at 
community outpatient dialysis centers. Kidney Int, Vol.73, pp.933-939 

De Bie, M.K.; Lekkerkerker, J.C.; van Dam, B.; Gaasbeek, A.; van Buren, M.; Putter, H.; van 
Erven, L.; Bax, J.J.; Schalij, M.J.; Rabelink, T.J. & Jukema, J.W. (2008). Prevention of 

www.intechopen.com



 
Role of Implantable Cardioverter Defibrillators for Dialysis Patients 

 

 

211 

sudden cardiac death: rationale and design of the Implantable Cardioverter 
Defibrillators in Dialysis patients (ICD2) Trial – a prospective pilot study. Curr Med 
Res Opin, Vol.24, pp.51-2157 

De Bie, M.K.; Van Dam, B.; Gaasbeek, A.; van Buren, M.; van Erven, L.; Bax, J.J.; Schalij, M.J.; 
Rabelink, T.J. & Jukema, J.W. (2009). The current status of interventions aiming at 
reducing sudden cardiac death in dialysis patients. Eur Heart J, Vol.30, pp.1559-
1564 

Eknoyan, G.; Beck, G.J.; Cheung, A.K.; Daugirdas, J.T.; Greene, T.; Kusek, J.W.; Allon, M.; 
Bailey, J.; Delmez, J.A.; Depner, T.A.; Dwyer, J.T.; Levey, A.S.; Levin, N.W.; Milford, 
E.; Ornt, D.B.; Rocco, M.V.; Schulman, G.; Schwab, S.J.; Teehan, B.P.; Toto, R. & 
Hemodialysis (HEMO) Study Group. (2002). Effect of dialysis dose and membrane 
flux in maintenance hemodialysis. N Engl J Med, Vol.347, pp.2010-2019 

Foley, R.N.; Herzog, C.A. & Collins, A.J. (2002). Blood pressure and long-term mortality in 
United States hemodialysis patients: ESRDS Waves 3 and 4 Study. Kidney Int, 
Vol.62, pp.1784-1790 

Goldenberg, I.; Moss, A.J.; McNitt, S.; Barsheshet, A.; Gray, D.; Andrews, M.L.; Brown, 
M.W.; Zareba, W.; Sze, E.; Solomon, S.D.; Pfeffer, M.A. & Multicenter Automatic 
Defibrillator Implantation Trial--Cardiac Resynchronization Therapy Investigators. 
(2006). Relations among renal function, risk of sudden cardiac death, and benefit of 
the implanted cardiac defibrillator in patients with ischemic left ventricular 
dysfunction. Am J Cardiol, Vol.98, pp.485-490  

Hager, C.S.; Jain, S.; Blackwell, J.; Culp, B.; Song, J. & Chiles, C.D. (2010). Effect of renal 
function on survival after implantable cardioverter defibrillator placement. Am J 
Cardiol. Vol.106, pp.1297-1300 

Herzog, C.A.; Li, S.; Weinhandl, E.D.; Strief, J.W.; Collins, A.J. & Gilbertson, D.T. (2005). 
Survival of dialysis patients after cardiac arrest and the impact of implantable 
cardioverter defibrillators. Kidney Int, Vol.68, pp.818-825 

Karnik, J.A.; Young, B.S.; Lew, N.L.; Herget, M.; Dubinsky, C.; Lazarus, J.M. & Chertow, 
G.M. (2001). Cardiac arrest and sudden death in dialysis units. Kidney Int, Vol.60, 
pp.350-357 

Khan, F.; Adelstein, E. & Saba, S. (2010). Implantable cardioverter defibrillator confer 
survival benefit in patients with renal insufficiency but not in dialysis-dependent 
patients. J Interv Card Electrophysiol, Vol.28, pp.117-123 

Lafrance, J.P.; Nolin, L.; Senecal, L. & Leblanc, M. (2006). Predictors and outcome of 
cardiopulmonary resuscitation (CPR) calls in a large haemodialysis unit over a 
seven-year period. Nephrol Dial Transplant, Vol.21, pp.1006-1012 

Mark, P.B.; Johnston, N.; Groenning, B.A.; Foster, J.E.; Blyth, K.G.; Martin, T.N.; Steedman, 
T.; Dargie, H.J. & Jardine, A.G. (2006). Redefinition of uremic cardiomyopathy by 
contrast-enhanced cardiac magnetic resonance imaging. Kidney Int, Vol.69, pp.1839-
1845 

Nishimura, M.; Tokoro, T.; Nishida, M.; Hashimoto, T.; Kobayashi, H.; Yamazaki, S.; Imai, 
R.; Okino, K.; Iwamoto, N.; Takahashi, H. & Ono, T. (2010). Sympathetic 
overactivity and sudden cardiac death among hemodialysis patients with left 
ventricular hypertrophy. Int J Cardiol, Vol. 142, pp.80-86 

Passman, R. & Herzog, C.A. (2011). Sudden cardiac death: stratifying risk in dialysis 
patients. Nat Rev Nephrol, Vol.7, pp.133-135 

www.intechopen.com



 
Cardiac Defibrillation – Mechanisms, Challenges and Implications 

 

212 

Port, F.K.; Ashby, V.B.; Dhingra, R.K.; Roys, E.C. & Wolfe, R.A. (2002). Dialysis dose and 
body mass index are strongly associated with survival in hemodialysis patients. J 
Am Soc Nephrol, Vol.13, pp.1061-1066 

Pun, P.H.; Lehrich, R.W.; Smith, S.R. & Middleton, J.P. (2007). Predictors of survival after 
cardiac arrest in outpatient hemodialysis clinics. Clin J Am Soc Nephrol, Vol.2, 
pp.491-500 

Pun, P.H.; Lehrich, R.W.; Honeycutt, E.F.; Herzog, C.A. & Middleton, J.P. (2011). Modifiable 
risk factors associated with sudden cardiac arrest within hemodialysis clinics. 
Kidney Int, Vol.79, pp.218-27 

Sakhuja, R.; Keebler, M.; Lai, T.S.; McLaughlin, G. C.; Thakur, R. & Bhatt, D.L. (2009). Meta-
analysis of mortality in dialysis patients with an implantable cardioverter 
defibrillator. Am J Cardiol, Vol.103, pp.735-741 

Selby, N.M. & McIntyre, C.W. (2007). The acute cardiac effects of dialysis. Semin Dial, Vol.20, 
pp.220-228 

Strippoli, G.F.; Navaneethan, S.D.; Johnson, D.W.; Perkovic, V.; Pellegrini, F.; Nicolucci, A. & 
Craig, J.C. (2008). Effects of statins in patients with chronic kidney disease: meta-
analysis and meta-regression of randomised controlled trials. BMJ, Vol.336, pp.645-
651 

National Institutes of Health. (2009). U.S. Renal Data System. Annual Data Report: Atlas of 
Chronic Kidney Disease and End-Stage Renal Disease in the United States. Bethesda, 
MD: National Institute of Diabetes and Digestive and Kidney Diseases; Bethesda, 
Maryland, USA, 2009 

Wang, A.Y.; Lam, C.W.; Chan, I.H.; Wang, M.; Lui, S.F. & Sanderson, J.E. (2010). Sudden 
cardiac death in end-stage renal disease patients: a 5-year prospective analysis. 
Hypertension, Vol.56, pp.210-216 

Wanner, C.; Krane, V.; März, W.; Olschewski, M.; Mann, J.F.; Ruf, G.; Ritz, E. & German 
Diabetes and Dialysis Study Investigators. (2005). Atrovastatin in patients with 
type 2 diabetes mellitus undergoing hemodialysis. N Engl J Med, Vol.353, pp.238-
248 

Wase, A.; Basit, A.; Nazir, R.; Jamal, A.; Shah, S.; Khan, T.; Mohiuddin, I.; White, C.; 
Saklayen, M. & McCullough, P.A. (2004). Impact of chronic kidney disease upon 
survival among implantable cardioverter-defibrillator recipients. J Interv Card 
Electrophysiol, Vol.11, pp.199-204 

Young, B.A. (2011). Prevention of sudden cardiac arrest in dialysis patients: can we do more 
to improve outcomes? Kidney Int, Vol.79, pp.147-149 

www.intechopen.com



Cardiac Defibrillation - Mechanisms, Challenges and Implications

Edited by Prof. Natalia Trayanova

ISBN 978-953-307-666-9

Hard cover, 248 pages

Publisher InTech

Published online 26, September, 2011

Published in print edition September, 2011

InTech Europe

University Campus STeP Ri 

Slavka Krautzeka 83/A 

51000 Rijeka, Croatia 

Phone: +385 (51) 770 447 

Fax: +385 (51) 686 166

www.intechopen.com

InTech China

Unit 405, Office Block, Hotel Equatorial Shanghai 

No.65, Yan An Road (West), Shanghai, 200040, China 

Phone: +86-21-62489820 

Fax: +86-21-62489821

The only known effective therapy for lethal disturbances in cardiac rhythm is deï¬​brillation, the delivery of a

strong electric shock to the heart. This technique constitutes the most important means for prevention of

sudden cardiac death. The efficacy of defibrillation has led to an exponential growth in the number of patients

receiving implantable devices. The objective of this book is to present contemporary views on the basic

mechanisms by which the heart responds to an electric shock, as well as on the challenges and implications of

clinical defibrillation. Basic science chapters elucidate questions such as lead configurations and the reasons

by which a defibrillation shock fails. Chapters devoted to the challenges in the clinical procedure of defibrillation

address issues related to inappropriate and unnecessary shocks, complications associated with the

implantation of cardioverter/defibrillator devices, and the application of the therapy in pediatric patients and

young adults. The book also examines the implications of defibrillation therapy, such as patient risk

stratification, cardiac rehabilitation, and remote monitoring of patient with implantable devices.

How to reference

In order to correctly reference this scholarly work, feel free to copy and paste the following:

Marlies Ostermann (2011). Role of Implantable Cardioverter Defibrillators for Dialysis Patients, Cardiac

Defibrillation - Mechanisms, Challenges and Implications, Prof. Natalia Trayanova (Ed.), ISBN: 978-953-307-

666-9, InTech, Available from: http://www.intechopen.com/books/cardiac-defibrillation-mechanisms-

challenges-and-implications/role-of-implantable-cardioverter-defibrillators-for-dialysis-patients



© 2011 The Author(s). Licensee IntechOpen. This chapter is distributed

under the terms of the Creative Commons Attribution-NonCommercial-

ShareAlike-3.0 License, which permits use, distribution and reproduction for

non-commercial purposes, provided the original is properly cited and

derivative works building on this content are distributed under the same

license.


