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Chapter 11

Summary, conclusion and future 
perspectives.
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Clinical variables

The first part of the thesis focuses mainly on clinical variables. Several clinical variables have 
associations with VA or SCD. Combining these clinical variables into risk models for mortality might 
play a role in daily practice. 
 Current guidelines(1) recommend ICD implantation in eligible patients with a life expectancy 
of at least 1 year. Despite this recommendation, almost 5% of the prophylactic ICD patients who 
received an ICD in the Academic Medical Center (AMC, Amsterdam, the Netherlands) or Medisch 
Spectrum Twente (MST, Enschede, the Netherlands) died within the first year after implantation. 
In chapter 2, the development of a risk model for early (1-year) mortality is presented. Predictors 
of 1-year mortality were higher age, low left ventricular ejection fraction (LVEF), history of atrial 
fibrillation (AF) and reduced kidney function. Combining these risk factors into a risk model, it was 
possible to identify a small group of high-risk patients with an estimated 1-year mortality risk of 
40%. This early mortality score was subsequently successfully validated in a comparable patient 
cohort from the Erasmus Medical Center (EMC, Rotterdam, the Netherlands). In daily practice, the 
question must be asked if ICD implantation is desired in these high-risk patients. 
 In recent years, several long-term all-cause mortality scores were developed based on 
simple clinical variables.(8-11) In chapter 3, these existing long-term all-cause mortality scores were 
evaluated in the combined AMC and MST cohort of primary prevention ICD recipients. Using 
mortality scores, we were able to identify patients with low, intermediate or (very) high risk for 
5-year all-cause mortality. Looking at the occurrence of appropriate ICD therapy, a higher rate 
was found in the high-risk patients. Despite the high mortality rate, these patients gained some 
survival because of their devices. Both early and long-term mortality scores can be of use in the 
decision whether to implant or not. However, the decision remains difficult and has to be made on 
an individual basis. 
 In Chapter 4, the impact of AF in ICD patients is described. Atrial fibrillation is the most 
encountered supraventricular arrhythmia in ICD patients, almost one-third of patients experience 
a form of AF. Associations were found between AF and a higher rate of mortality and (both 
appropriate and inappropriate) ICD discharge. More advanced disease in the patients with AF is a 
possible explanation for the differences. Furthermore, it is important to reduce the occurrence of 
inappropriate shock therapy which can lead to decreased quality of life and increased mortality; 
optimal medical treatment and programming of the device is therefore mandatory.

This thesis is part of the ongoing search for better risk stratification in implantable cardioverter 
defibrillator (ICD) candidates. ICD implantation is the treatment of choice to prevent sudden 
cardiac death (SCD) in patients with life-threatening ventricular arrhythmias (secondary prevention) 
and in patients with an increased risk for these ventricular arrhythmias (primary or prophylactic 
prevention).(1) Despite the proved efficacy in preventing sudden cardiac death in patients with a 
high risk for ventricular arrhythmias and sudden cardiac death(2-7), we are still not able to identify 
accurately enough those patients who will or will not benefit from ICD implantation. Especially in 
patients with prophylactic ICD implantation, a minority of patients will receive appropriate device 
therapy during the first 5 years of follow-up. To reduce the number of unnecessary implantations, 
it is important to distinguish between patients who will and patients who will not benefit from ICD 
implantation. 
 The objectives of this thesis were to evaluate existing risk strategies and risk markers and to 
evaluate their use in daily practice. 
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Scar tissue

Myocardial scar and fibrosis forms an anatomical substrate for the development of ventricular 
arrhythmia. Scar may serve as an anatomic pathway for reentry, which can lead to the occurrence 
of VA and subsequently SCD. In chapter 9, we used the ECG and the Selvester QRS score to quantify 
the size of scar. The Selvester QRS score is based on ECG abnormalities caused by infarction. It is an 
easily available although time-consuming potential risk marker. We hypothesized that if ventricular 
arrhythmia was associated with larger infarct sizes, scar would be larger in secondary prevention 
patients compared to primary prevention patients. This difference was not found; it is possible 
that this is caused by selection. Subsequently, the relation between scar size and occurrence of 
appropriate ICD therapy was evaluated. With a follow-up of only 6 months, no significant relation 
between scar size and ICD therapy was found. In chapter 10, we used CMR to assess the extent 
of scar. In addition, in this study we were not able to see a difference in infarct size between the 
primary and secondary prevention patients. Furthermore, no significant relation between scar size 
and occurrence of appropriate ICD therapy was found. 

Microvolt T-Wave Alternans

The second part of the thesis focuses mainly on Microvolt T-Wave Alternans (MTWA). MTWA 
is a heart rate dependent measurement of subtle changes in the amplitude of the T-Wave. The 
hypothesis is that MTWA reflects temporal heterogeneity or dispersion in ventricular repolarization 
that can lead to formation of re-entry circuits facilitating the occurrence of ventricular 
arrhythmias.(12) In chapter 5, we tried to find an anatomic substrate for the occurrence of MTWA 
using cardiac magnetic resonance imaging (CMR). We were not able to find a relation between 
MTWA result and supposed MRI risk markers of arrhythmogenicity (presence and extent of fibrosis 
and scar). A positive MTWA result was, however, related to markers of heart failure like increased 
end diastolic volume. 
Despite conflicting results regarding its predictive value, MTWA testing is currently incorporated 
in the guidelines as a diagnostic tool to improve risk stratification. In chapter 6, we evaluated 
the feasibility of spectral analysis MTWA testing in candidates for prophylactic ICD implantation. 
Patients with irregular heart rhythms (for example atrial fibrillation), pacemaker-dependency and 
inability to exercise testing are ineligible for MTWA exercise testing. In a retrospective design, 
medical charts were reviewed. Of the prophylactic ICD recipients, 35% were ineligible for MTWA 
exercise testing. This means that alternative methods to estimate MTWA (pacing, pharmacological 
or Holter-based) and their clinical value should be studied. In chapter 7, exercise-based MTWA was 
compared to MTWA measurement using atrial and atrio-ventricular pacing protocols. Using pacing-
protocols, more patients were able to perform the test. However, the concordance rate between 
different protocols was low. In chapter 8, the predictive value of exercise MTWA is evaluated. In a 
small group of patients, no relation was found between non-negative MTWA testing and mortality 
and/or appropriate shock therapy. Again, a large percentage (24%) was ineligible for MTWA 
testing. These patients experienced the highest risk for mortality and shock therapy, mainly due to 
more advanced disease. 
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Conclusion and future perspectives

In this thesis, several risk strategies and risk markers are evaluated. Unfortunately, the ideal risk 
marker or risk strategy was not found. 
 The quest, however, continues. Currently, according to the registry and result database of 
publicly and privately supported clinical studies of human participants conducted around the 
world (ClinicalTrials.gov), multiple studies are focusing on better risk stratification in ICD patients 
or predicting SCD. The risk markers studied are various: clinical variables, genetic abnormalities, 
imaging parameters, biochemical parameters, electrocardiographic parameters and psychological 
factors. However, the question is if there is an ideal test. Ideally, we want a test with 100% 
sensitivity and 100% specificity, which must be relatively inexpensive (at least less expensive 
than an ICD), readily available, feasible for every patient and easy to interpret. It is unlikely that 
such an ideal test to select appropriate candidates for ICD implantation will ever be found, since 
the pathogenesis of VA is too complex and multifactorial. Ultimately, a combination of clinical, 
biochemical, imaging, electrocardiographic, psychological and genetic risk markers, but also the 
wishes of the patient will guide us in the decision-making process about ICD implantation. 


