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General introduction and outline of the thesis

Chronic Kidney Disease (CKD) is highly common in the western civilization and the 
incidence of CKD is expected only to rise the upcoming decades. As the kidneys play 
an important role in various vital processes in the human body, CKD is associated with a 
broad spectrum of complications and thereby with an impaired survival. The treatment 
of patients with CKD focuses on the prevention of further progression of the kidney 
damage and furthermore it focuses, especially in patients with more severe CKD, also 
on the complications resulting from the disease. End Stage Renal Disease (ESRD), the 
final stage in the spectrum of patients with Chronic Kidney Disease (CKD Stage V), 
requires renal replacement therapy (dialysis treatment or kidney transplantation). This 
stage of the disease is particularly associated with an abysmal outcome with estimated 
annual mortality rates around 20%. Cardiovascular diseases, especially Sudden Cardiac 
Arrhythmias (SCA), substantially contribute to the poor survival of these patients and 
could therefore form an important therapeutic target in order to improve the outcome of 
ESRD patients.1 

Sudden Cardiac Death in ESRD patients
Results of large observational registries indicate that cardiovascular mortality accounts 
for about 40% of total mortality in dialysis patients. Of the patients that die due to 
cardiovascular mortality it is reported that around 65% of the patients dies suddenly, 
which then is defined as Sudden Cardiac Death (SCD). SCD thus accounts for almost 25% 
of the total mortality of dialysis patients.1 Although registry data, given its observational 
nature, may be subject to certain bias, the numbers reported can be considered accurate 
since they were confirmed in multiple randomized controlled trials that used objectively 
adjudicated end points.2, 3 

The mechanisms that underlie the development of SCA that eventually result in SCD are 
complex and include, next to traditional mechanisms, such as ischemic heart disease, 
also many disease specific mechanisms.4, 5 These disease specific mechanisms are in 
part caused by the disease, such as the development of left ventricular hypertrophy and 
myocardial fibrosis,6-8 vascular calcification,9 or sympathic overactivity,10 but also in part by 
the treatment such as for instance the occurrence of large volume and electrolyte shifts 
during dialysis therapy. 1, 11

Interventions aiming at reducing Sudden Cardiac Death in patients with ESRD
Several interventional strategies aiming at reducing SCD in dialysis patients have been 
investigated. However, unfortunately most prospective randomized controlled trials 
did not show a beneficial effect on reducing SCD, or other outcome parameters so far. 
For instance two large trials investigating the effect of statins on outcome in dialysis 
patients failed to show positive results.2, 12 Studies investigating other medical treatment 
strategies, including erythropoietin, angiotensin converting enzyme (ACE) inhibitors/
angiotensin receptor blockers (ARB) and b-blockers also did not show unequivocal 
positive results in the general dialysis population.13-18 Although it must be mentioned 
that in a selective group of dialysis patients a beneficial effect for b-blockers has been 
demonstrated in a prospective setting.17 Moreover, the ARB candesartan demonstrated 
a significant reduction in cardiovascular events in dialysis patients.15 On the other hand 
another prospective trial evaluating ACE inhibitors failed to show positive results.16
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Since dialysis therapy itself has been suggested as an important mechanism for the 
occurrence of SCD a beneficial effect from changing dialysis modality was anticipated.3, 

11 Nonetheless, multiple studies investigating low – dose versus high – dose dialysis 
therapy and/or low – flux vs. high – flux dialysis therapy did not show positive results.3, 19 
Recent trials investigating the beneficial effects of increasing dialysis frequency however, 
did show positive results on soft end points, as for instance reduction in left ventricular 
mass, or, on combined end points including survival.20, 21 However, these trials should be 
confirmed in future trials and preferably with survival as the primary end point.
Because ischemic heart disease is considered one of the most important factors 
contributing to SCD in the general, as well in the dialysis population, it is hypothesized 
that revascularization of dialysis patients would reduce the incidence of SCD.4, 22 Based on 
current data indeed it can be concluded that optimal revascularization would probably 
improve outcome in this patient group.22, 23 Nonetheless, it should also be concluded that 
even despite optimal revascularization an important hazard for SCD remains.24

Since prophylactic ICD implantation has proven to improve outcome in various patient 
populations with an increased risk for SCD, such as for instance in survivors of an out 
of hospital cardiac arrest(OHCA), patients with severe heart failure and patients with 
congenital heart disease associated with arrhythmic events,25 it can be hypothesized that 
prophylactic ICD implantation might be beneficial in patients with ESRD. Currently this 
hypothesis is supported by several observational studies.26-28 For instance, it has been 
reported that the occurrence of appropriate ICD therapies in current ICD populations is 
related to the severity of renal failure and that in particular patients with ESRD show an 
increased incidence of appropriate ICD therapies.27, 28 Moreover a retrospective analysis 
investigating the outcome of dialysis patients after a survived OHCA documented 
a substantial survival benefit for those patients that received a prophylactic ICD.26 

Nonetheless, it should be kept in mind that these retrospective studies are subject 
to certain bias and that these results should be confirmed in prospective studies. 
Furthermore, those studies should also assess the cost-effectiveness and safety of this 
interventional strategy. Especially since several studies show a relationship between the 
incidence of ICD related complications and renal failure.29, 30

Complications of prophylactic ICD implantation
Although ICD implantation is associated with a significant survival improvement in 
various populations, it is associated with a certain number of, possible life threatening, 
complications. These complications can be divided into complications associated with 
the implantation procedure and complications associated with the device therapy itself. 
Pneumothorax and pericardial effusion (which in severe cases might lead to cardiac 
tamponade) are complications that can occur during the implantation procedure, whereas 
pocket hematoma formation usually occurs in the first 14 days after implantation.  Lead 
dislodgement and cardiac device infection are complications that can occur early after 
implantation but also frequently occur during longer follow-up.31-33 Cardiac device 
infections in particular should be considered an important complication of ICD therapy, 
since they have been associated with substantial morbidity and mortality.34 In addition 
cardiac device infections also have been associated with substantial costs.35 The current 
annual incidence of cardiac device incidence varies from ~1% up to 7% and unfortunately 
is has been reported that the incidence of cardiac device infections is increasing and has 
outpaced the increase in implantation rates.32, 36-39  Complications that can be associated 
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with the device therapy itself are most importantly caused by malfunction of the device. 
The most prominent problem associated with device malfunction is the delivery of 
inappropriate shocks. Inappropriate shocks can occur in the event of misdiagnosing 
supraventricular tachycardias or in the case of lead failure and are not only painful and 
psychologicaly disturbing but might even be potentially arrythmogenic and thereby lead 
to increased mortality.40-46 The current reported incidences of inappropriate ICD therapy 
vary to some extent however large studies report a 2 year cumulative incidence of around 
10%.45, 47, 48

Currently only few studies have investigated the incidence of ICD complications and 
its relationship with renal failure and more importantly no prospective data assessing 
a true benefit-risk ratio are available. However, current data indicate that the incidence 
of complications might be higher among patients with renal failure and especially in 
those patients that require renal replacement therapy.29, 30 Furthermore, it has also 
been documented that renal failure is associated with an increased incidence of cardiac 
device infections.32 These findings underline the importance of assessing the safety of 
prophylactic ICD implantation in patients with renal failure, especially in patients with 
ESRD. 

Objectives and outline of the thesis
The objective of this thesis is to investigate the prevention of sudden cardiac death in 
particular in patients with ESRD. With the ICD2 trial being the cornerstone of this thesis, 
special focus will be put on prophylactic ICD implantation in dialysis patients. Prophylactic 
ICD implantation is however associated with several major and minor complications, that 
may be particularly relevant also for patients with CKD. The second part of this thesis 
therefore focuses on the incidence and consequences of ICD related complications. 

Part I: Prevention of Sudden Cardiac Death and identifying high risk patients
Part I starts with two extensive literature reviews regarding the current knowledge of 
prevention of SCD in patients with CKD (chapters II and III) followed by the study design 
of the ICD2 trial study protocol (chapter IV). In chapter V the incremental prognostic 
value of the spatial QRS-T angle in dialysis patients is discussed, followed by an analysis 
investigating modifiable echocardiographic parameters and their relationship with this 
electrocardiographic (vectorcardiographic) parameter (chapter VI). Another marker that 
has proven to have incremental prognostic value in dialysis patients, diastolic heart failure, 
has been studied in chapter VII. This chapter analyzes the determinants of diastolic heart 
failure as assessed with a novel echocardiographic measurement, using speckle tracking 
strain analysis.  The final chapters of part I focus on diagnostic imaging tools to detect 
coronary artery disease, an important contributor to SCA, in dialysis patients. Chapter VIII 
describes the feasibility of CT-angiography to detect coronary artery disease in dialysis 
patients and in chapter IX the value of a plain X-ray of the abdominal part of the aorta to 
predict the presence of coronary artery disease in dialysis patients is described.

Part II: Implantable cardioverter therapy complications and troubleshooting
Part II starts with a review regarding the incidence of ICD implantation related 
complications (chapter X). In contrast to this chapter, that reviews data of clinical trials 
previously published, the next chapter (chapter XI) describes the incidence and predictors 
of ICD implantation related complications in a large clinically relevant population, 
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particularly focusing on the relationship between renal failure and the incidence of 
complications. The clinical consequences of the most prominent complication associated 
with ICD implantation is described in the next chapter: chapter XII discusses the survival 
outcome after cardiac device infection. The following chapter, chapter XIII, describes 
the outcome of manual lead extraction, an important part of treatment in the majority 
ICD related complications. The final chapter (chapter XIV) focuses on a novel device, 
the subcutaneously implanted ICD. This chapter describes the suitability of current ICD 
recipients for this novel device, that might have several advantages in overcoming ICD 
related complications.
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