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Chapter 1 

General Introduction
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Sudden cardiac death (SCD) is the most common single cause of death in developed countries. 
Yearly, more than 3 million people will die worldwide due to SCD, mainly because of ventricular 
arrhythmia (VA).(1;2) The majority of patients will not survive VA. Therefore, identification of patients 
who are at risk for VA and SCD is important. The majority of SCD cases are those with terminal 
VA during an acute coronary syndrome (ACS).(3) Prevention of ACS (lifestyle changes, treatment of 
cardiovascular risk factors) is key in the reduction of the number of cases. This thesis, however, 
concentrates on patients with known structural heart disease who may be at increased risk for 
VA. In these patients, the implantable cardioverter defibrillator (ICD) can prevent mortality due to 
VA. Both secondary and primary prevention trials have shown that the ICD is significantly more 
effective in preventing SCD than anti-arrhythmic drug therapy.(4-9) However, during follow up most 
ICD recipients who receive an ICD will not experience life-threatening VA requiring ICD therapy. 
Hence, with cost and complication rate in mind, better risk stratification is needed.

Left ventricular ejection fraction
LVEF is the most important risk factor in the current guidelines for primary prevention of SCD. 
LVEF measured at rest is known to have a strong impact on long-term prognosis: with a decrease 
in LVEF, the frequency of SCD increases.(10) In primary prevention trials, patients with either prior 
myocardial infarction and LVEF <30%(9)-<35%(8) or all cause cardiomyopathy in combination with 
mild to moderate heart failure (NYHA class II or III) and LVEF <35%(8) were included. In these trials, 
the ICD was superior in comparison to optimal medical treatment, and these results constitute the 
basis of the current ACC/AHH/ESC guidelines for management of patients with VA and prevention 
of SCD.(11) A critical comment can be made on 35% as the LVEF cut-off value, since the actual mean 
LVEF in these studies was between 23-25%.(8;9;12;13) 

Another point of debate concerns the selected imaging modality to calculate LVEF. Several imaging 
modalities are capable of measuring LVEF. 2-Dimensional echocardiography is the most widely 
used method to assess LVEF. This technique is readily available, inexpensive and non-invasive. 
Important limitations are its operator dependency, acoustic window dependency, moderate 
reproducibility and accuracy.(14-18) 

Other available techniques to calculate LVEF are cardiac magnetic resonance imaging (CMR), 
radionuclide measurements or computed tomography (CT). These techniques are more accurate 
with higher reproducibility, especially in patients with altered left ventricular geometry. However, 
these modalities are more expensive and more time consuming. Furthermore, the use of CT is 
limited by radiation exposure.(15;17;19-24) It is important to realize that LVEF measured by different 
techniques may not be equal.(15) It is, therefore, of the utmost importance that consensus is 
reached about which technique to use for assessment of LVEF. 
 A second point is that only a minority of patients selected because of reduced LVEF receive 
appropriate ICD therapy.(8;9) This indicates that LVEF alone is not a good predictor of VA. 

Clinical variables
Several clinical variables have been associated with all-cause mortality in ICD patients. Among 
those are renal function, chronic pulmonary disease, atrial fibrillation, New York Heart association 
functional class, diabetes mellitus and age. 

Based on: Towards a better risk stratification for sudden cardiac death in patients with structural heart disease 
Kraaier K, Verhorst PMJ, van Dessel PFHM, Wilde AAM, Scholten MF
Neth Heart J. 2009; 17 (3):101-6
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its significance in multivariate analysis.(4;51) In patients with non-ischemic cardiomyopathy, no 
significant association between nsVT and SCD was found.(39)

 By means of Holter monitoring, it is possible to measure markers of the autonomic nervous 
system balance, namely heart rate turbulence (HRT) and heart rate variability (HRV). HRT is a 
characteristic pattern of early acceleration and subsequent deceleration of the sinus rhythm after 
a premature ventricular extra systole (VES). It was hypothesized that absence of this pattern was 
associated with SCD and VA. Research, however, did not support this hypothesis.(52-55) HRV is 
defined as the standard deviation of all normal sinus rhythm RR intervals on 24h Holter. Already 
in 1987, it was shown that reduced HRV is a negative predictor of long-term survival after acute 
myocardial infarction.(56) However, subsequent research showed conflicting results.(39;57-60) 

For many years, invasive electrophysiology studies (EPS) were obligatory in SCD risk stratification. 
Nowadays, EPS seems less useful; although inducibility is associated with a higher prevalence of VT 
requiring ATP or shock therapy, non-inducible patients also have a considerable VT event rate and 
even a higher VF event rate.(61) 

Serum markers
The relation between the occurrence of VA and several serum markers has already been studied. 
C-reactive protein (CRP) is an acute phase protein produced by the liver. The value of CRP as a 
predictor of VA and SCD has been studied in several studies with variable results. Some studies 
reported a significant relationship between CRP levels >3mg/L and SCD and/or VA,(62;63) whereas 
other studies failed to confirm these results and, in fact, did not find a significant relationship.
(64) Troponin (cTnI) is a cardiac specific marker of myocardial damage. Detectable cTnI levels 
are associated with a high mortality in patients with reduced left ventricular function(65) and 
occurrence of VA on Holter monitoring.(66) No data about cTnI in relation to ICD therapy have been 
reported yet. Another potential serum marker is the propeptide of brain natriuretic peptide (pro-
BNP), which is released from the ventricular myocardium in response to increased intraventricular 
pressure or myocardial stretch. Several studies have already shown that pro-BNP can be used as a 
predictor of SCD or appropriate ICD therapy in patients with reduced LVEF.(67-70)

 The role of all the above-mentioned serum markers in risk stratification for ICD implantation 
certainly needs further research.

Genetics
The number of cardiac syndromes being linked with familial forms of SCD is increasing rapidly. 
Several genetic markers have already been identified in the channelopathies (long QT syndrome, 
short QT syndrome, Brugada syndrome, catecholaminergic polymorphic ventricular tachycardia) 
and arrhythmogenic cardiomyopathies (arrhythmogenic right ventricular cardiomyopathy, 
hypertrophic cardiomyopathy, familial dilated cardiomyopathy).(71-74) In less rare diseases related 
to SCD such as coronary artery disease, there are strong indications that there is a role for a 
genetic basis. In patients with acute myocardial infarction, family history appears to be a strong 
independent risk factor for SCD. Indicating genetic factors play a role in the occurrence of VA and 
SCD.(75-78) In patients with structural heart disease and ICDs, the role of genetics is less clear. Since 
different mechanisms may play a role in the risk of occurrence of VA, the hope that a single genetic 

Based on these clinical variables, mortality scores for all-cause mortality, both early and late after 
ICD implantation, have been developed.(25-31) Using mortality risk scores, it is possible to divide 
patients into low, intermediate and (very) high risk patients. The scores, which were based on data 
from the MADIT II trial and SCD-HeFT trial, showed that compared to optimal medical treated, 
ICD implantation was not beneficial in patients with a high or very high risk.(25;27) However, more 
research regarding the usefulness of these scores in daily clinical practice is needed. 

Cardiac magnetic resonance imaging
CMR is an accurate technique for measuring LVEF. In addition, using the delayed enhancement 
(DE) technique, it is possible to identify areas of scar or fibrosis, and classify those areas as core or 
border zones.(32) Scar (fibrosis) is a possible substrate for re-entry VA. Prior research has revealed 
that estimated scar mass and scare surface were significantly larger in patients with inducible 
monomorphic VT than in those without inducible VT.(33-35) In ICD patients, infarct size and especially 
the size of the border zone seems to be spontaneous ventricular arrhythmias requiring ICD therapy 
or mortality.(36;37)

Electrocardiographic parameters
Several risk factors of SCD can be identified by means of the 12-lead ECG, although earlier 
studies reveal conflicting results. Potential ECG markers can be divided into markers of abnormal 
depolarization and markers of abnormal repolarization. Markers of abnormal depolarization 
are fragmented QRS complexes and signal-averaged ECG. Fragmentation of the QRS complex 
represents delayed activation of the ventricular myocardium. It can be identified by 12-lead ECGs, 
as well as by signal averaged electrocardiography. Results from previous studies concerning the 
predictive value for SCD are conflicting. Therefore, its prognostic role is still doubtful.(38-44) 

 Possible markers of repolarization abnormalities are variability in QT interval and Microvolt 
T-Wave Alternans. The variability in QT interval may represent heterogeneity of repolarization and, 
therefore, may play a role in the facilitation of re-entry tachycardia. A potential association with 
SCD was found in the MADIT II trial: increased QT variability was associated with a higher risk of 
SCD and VA, as expressed by an increase in defibrillator therapy. The presence of low QT variability, 
however, did not predict event-free survival.(45;46) Microvolt T-Wave Alternans (MTWA), is a heart 
rate-dependent measurement of subtle changes in the amplitude of the T-Wave which occur every 
alternate beat. It is believed that this phenomenon reflects temporal heterogeneity or dispersion 
in ventricular repolarization, which can lead to the formation of re-entry circuits and causing VA.(47) 

Conflicting data also exist concerning this risk marker. In the first studies, it was demonstrated 
to be possible to identify patients who were at low risk for VA using MTWA because of its high 
negative predictive value. Later studies, however, showed less promising results, with only the 
ability to predict total mortality, but not arrhyhthmic death.(48-50) 

 Holter recordings allow us to monitor heart rhythm over longer periods of time. Non-
sustained ventricular tachycardias (nsVT) are common in patients with a cardiomyopathy. The 
predictive value of nsVT is controversial. In the patients with prior myocardial infarction, nsVTs 
are associated with a 2-year mortality around 30%. Therefore, in the MADIT I nsVT was one of 
the inclusion criteria.(4) However, in the subsequent study by Singh et al., this association lost 
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In chapter 11 and 12, the main findings of this thesis and the implications for further research and 
clinical practice are discussed.

variant can be found is small. To date, no single genetic variant with a significant association with 
VA, ICD therapy or SCD has been found(79), but research continues.(80;81)

Psychological factors
There is evidence that psychological factors may play a role in the onset of VA or SCD.(82;83) Both 
anxiety and depressive symptoms can be considered as risk factors for the occurrence of VA 
in patients with an ICD. This can probably be explained by the relationship between anxiety, 
increased sympathetic cardiac control, decreased parasympathetic control and occurrence of VA 
and SCD.(84;85) In addition, the influence of personality structure is related to SCD and VA. Especially 
the type-D personality, with the tendency to experience negative emotions and inhibit these 
feelings in social interactions, is increasingly considered a risk factor.(86;87) Psychological factors 
may play a role in the occurrence of SCD and VA, and therefore paying attention to these factors 
and eventual subsequent interference with psychotherapy may be useful to reduce the number of 
shocks received. 

Focus of this thesis
It is conceivable that no single test can predict exactly who will or will not benefit from ICD 
therapy. We therefore hypothesize that a combination of clinical, biochemical, imaging, 
electrocardiographic, psychological and genetic risk stratifiers might guide the decision of whether 
or not to provide a patient with primary ICD prevention.
The main focus of this thesis is the search for better risk stratification in potential ICD patients 
(mainly focused on primary prevention) to reduce the number of unnecessary implantations. 
 The first part focuses on clinical variables. In chapter 2, early mortality in ICD recipients is 
studied. Current guidelines prescribe a life expectancy of at least 1 year to avoid implantation of 
ICDs in patient who might not benefit because of co-morbidity. At present, no clinical tools are 
available to estimate life expectancy in potential ICD recipients. Based on significant predictors, an 
easy to use clinical risk score for early mortality was developed and validated in an independent 
cohort. In chapter 3, existing mortality scores are studied to see whether these scores can be useful 
in the selection of patients eligible or ineligible for ICD implantation. 
 In chapter 4, the influence of atrial fibrillation in ICD patients is discussed. Atrial fibrillation is 
the most common supraventricular arrhythmia in patients with ICD and associated with morbidity 
and mortality. 
 The second part mainly focuses on MTWA. The search for a potential underlying anatomic 
substrate for MTWA is outlined in chapter 5, where the relation between myocardial scar 
extent and MTWA is investigated. In chapter 6, feasibility of MTWA testing in candidates for ICD 
implantation is assessed. In chapter 7, other varying techniques for estimation of MTWA testing are 
used and compared. Finally, in chapter 8 the predictive value of MTWA to predict ICD therapy and 
mortality is investigated.
 The third part focuses on the extent of scar tissue. Through the use of the Selvester ECG score 
(chapter 9) and CMR (chapter 10), the differences between primary and secondary prevention 
patients are described. 
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