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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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Chapter 2

Mortality in Prophylactic ICD Recipients: 
Development and validation of a clinical 
risk score.
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Abstract

Introduction: To reduce sudden cardiac death, implantable cardioverter defibrillators (ICDs) are 
indicated in patients with ischemic and non-ischemic dilated cardiomyopathy and a left ventricular 
ejection fraction (LVEF) ≤35%. 
Current guidelines do not recommend device therapy in patients with a life expectancy less than 1 
year since benefit in these patients is low. In this study, we evaluated the incidence and predictors 
of early mortality (<1 year after implantation) in a consecutive primary prevention population.

Methods and results: Analysis was performed on a prediction and validation cohort. The primary 
endpoint was all cause mortality at 1 year. The prediction cohort comprised 861 prophylactic ICD 
recipients with ischemic cardiomyopathy or dilated cardiomyopathy from the Academic Medical 
Center (Amsterdam) and Thorax Center Twente (Enschede). Detailed clinical data were collected. 
After multivariate analysis, a risk score was developed based on age ≥75 years, LVEF ≤20%, history 
of atrial fibrillation and eGFR ≤30ml/min/1.73m2. Using these predictors, a low (≤1 factor), 
intermediate (2 factors) and high (≥3 factors) risk group could be identified with 1-year mortality 
of respectively 3.4, 10.9 and 38.9% (p<0.01). Afterwards, the risk score was validated in 706 
primary prevention patients from the Erasmus Medical Center (Rotterdam). One-year mortality was 
respectively 2.5, 13.2 and 46.3% (all p<0.01).

Conclusion: A simple risk score based on age, LVEF, eGFR and atrial fibrillation can identify patients 
at low, intermediate and high risk for early mortality after ICD implantation. This may be helpful in 
the risk assessment of ICD candidates.

Kraaier K, Scholten MF, Tijssen JG, Theuns DA, Jordaens LJ, Wilde AA, van Dessel PF.
Europace. 2014;16(1):40-6
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Methods

Study population
The study assessed consecutive patients with ischemic cardiomyopathy or dilated cardiomyopathy 
and LVEF ≤35% (‘SCD-HeFT profile’) who underwent prophylactic ICD implantation according to the 
current ESC Guidelines for Prevention of Sudden Cardiac Death(1) at the Academic Medical Center 
(Amsterdam, the Netherlands), Thorax Centrum Twente (Medisch Spectrum Twente, Enschede, the 
Netherlands) between April 2002 and December 2008. These patients constituted the early mortality 
prediction cohort. Similarly, a cohort of patients with ischemic or non ischemic cardiomyopathy who 
received a prophylactic ICD implantation (January 2004 to December 2009) at the Erasmus Medical 
Center (Rotterdam, the Netherlands) was selected to serve as a validation cohort. 

Data collection
All patients, baseline demographic and clinical variables were collected by review of medical 
records. Vital status was determined with the use of the medical record or civil registration. 
Patients were followed up to 1 year with scheduled device interrogations every 3-6 months. 
Primary endpoint was early mortality, which was defined as all-cause one-year mortality.

Statistics
Firstly, the prediction group was used to study predictors for early mortality and to develop a 
multivariate risk score model. Afterwards, the risk score model was applied to the Rotterdam 
cohort to assess its predictive accuracy.
 To develop the early mortality risk score, event rates of early (all-cause) mortality were 
analysed by means of Kaplan-Meier cumulative survival analysis and logistic regression. For each 
continuous variable, several analyses using different cut-off points were performed to find the 
most predictive cut off value, before transforming the continuous variable in a categorical variable.
All univariate predictors with a p-value <0.20 were included in the multivariate proportional hazard 
model. Using backward stepwise selection, all variables with a p-value >0.10 were excluded. 
 A risk score was composed by accumulating significant predictors, assigning a value of 1 to 
the presence of each risk factor, and a 0 to its absence. Risk scores were analysed using Kaplan-
Meier cumulative survival analysis and Cox regression. Afterwards, the score was validated in 
a primary prevention cohort from the Erasmus Medical Center in Rotterdam using multivariate 
analysis, Kaplan-Meier cumulative survival analysis and Cox regression to prove its significance in 
an independent cohort.
 

Introduction

Since the efficacy of implantable cardioverter defibrillator (ICD) implantation in reducing mortality 
in a primary prevention population was proven in several studies, ICDs are indicated in patients 
with ischemic or non-ischemic dilated cardiomyopathy and a left ventricular ejection fraction (LVEF) 
≤35%.(1) 

However, only a minority of patients experience life threatening ventricular arrhythmia (VA) necessi-
tating ICD therapy.(2;3) Better patient selection is therefore important to maintain maximum survival 
benefit of ICD implantation while reducing the number of unnecessary implants and possible com-
plications. Furthermore, it was shown in the MADIT-II and SCD-HeFT trials that survival in the first 
10-18 months was equal in both the ICD treated group and the conservatively treated group.(2;3) The 
lack of this benefit can possibly be explained by a high rate of non-sudden cardiac death. Current 
guidelines do not recommend device therapy in patients with a life expectancy of less than 1 year, 
but at present clinical tools for estimating 1-year mortality risk are lacking.(1) It may therefore be 
worthwhile to identify patients who are at high risk for early death despite ICD implantation (< 1 
year), since survival benefit of the ICD will be low in this group of patients. 

The objective of this study was to develop and externally validate a model to predict early mortality. 
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CVA/TIA

Yes 7.4 (5/68) 1.64 (0.65-4.19) 0.30

No 4.6 (36/790) – –

AF

Yes 8.7 (18/207) 2.57 (1.39-4.67) 0.02

No 3.5 (23/654) – –

Medication

Betablocker

Yes 3.7 (24/654) 0.44 (0.24-0.83) 0.01

No 8.1 (16/197) – –

ACEi/ARB

Yes 3.9 (24/654) 0.32 (0.16-0.66) 0.02

No 11.4 (10/88) – –

Diuretics

Yes 5.3 (34/640) 1.88 (0.79-4.48) 0.15

No 2.9 (6/210) - -

Statin

Yes 4.5 (26/579) 0.87 (0.45-1.66) 0.66

No 5.1 (14/272) – –

Etiology

iCMP 5.2 (30/578) – –

dilCMP 4.0 (11/272) 0.61 (0.24-1.55) 0.30

LVEF (%)

>30 2.7 (6/222) – –

20-30 5.3 (21/394) 2.00 (0.81-4.95) 0.14

<20 6.4 (14/218) 2.43 (0.93-6.33) 0.07

NYHA class

I-II 3.6 (21/582) 1.93 (1.04-3.60) 0.04

III-IV 6.9 (19/278) – -

QRS duration (ms)

≥120 6.4 (25/391) 2.01 (1.06-3.81) 0.03

<120 3.2 (14/448) – –

eGFR (ml/min/1.73m2)

>90 4.3 (7/163) – –

60-90 3.4 (14/415) 1.26 (0.51-3.13) 0.61

30-60 7.2 (16/205) 1.75 (0.72-4.24) 0.21

<30 16.0 (4/25) 4.11 (1.20-14.08) 0.02

Results

Demographics 
The initial prediction cohort consisted of 861 patients. The mean age overall was 62.7 ± 10.2 years. 
Patients were predominantly male (79%) and the mean LVEF was 24.2 ± 8.6%. 
A total of 41 deaths (4.8%) occurred within the first year of follow-up. The mean time from ICD 
implant to death was 163 days (range 3-363 days). Four of these patients received an appropriate 
shock – two patients on the day of death, and therefore without gain in life expectancy. Of the 
other two patients, one patient had a life gain of 57 days following appropriate ICD therapy, the 
other patient 116 days. 

Predictors of early mortality
In the univariate analysis, early mortality was related to age ≥75 years (p=<0.001), QRS duration 
≥120ms (p=0.03), a history of atrial fibrillation (p=0.01), LVEF ≤20% (p=0.04), estimated glomerular 
filtration rate (eGFR) ≤30ml/min/1.73m^2, type of device (p=0.03) and NYHA functional class 
≥ 3 (p=0.04). The use of beta-blockers and ACE-inhibitor or angiotensin-II-receptor blocker was 
protective (p=0.01 and 0.02). A trend towards early mortality was found in patients with chronic 
obstructive pulmonary disease (p=0.09). More detailed data can be found in table 1. 

Table 1: Baseline characteristics and univariate analysis in prediction cohort

Variable Percentage mortality 
(death/total)

HR (95% CI) p

Sex

Male 5.0 (34/678) 1.32 (0.58-2.97) 0.51

Female 3.8 (7/183) – –

Age (years)

<65 3.6 (16/450) – –

65-75 3.5 (11/313) 1.01 (0.47-2.17) 0.98

>75 14.3 (14/98) 4.26 (2.08-8.70) <0.001

Comorbidities

Hypertension

Yes 5.8 (12/208) 1.32 (0.67-2.57) 0.43

No 4.5 (29/650) – –

COPD

Yes 8.8 (7/80) 2.02 (0.90-4.56) 0.09

No 4.4 (34/778) – –

DM

Yes 4.5 (7/157) 0.92 (0.41-2.08) 0.89

No 4.9 (34/701) – –
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Derivation of risk score
All risk factors that proved to be significant during multivariate analysis (age ≥75 years, LVEF ≤ 20%, 
eGFR ≤ 30 ml/min.73m2 and any history of atrial fibrillation) were used to construct the risk model. 
In patients without any risk factor, 3% died (10/332); in patients with 1 risk factor 3.8% (13/345); 
in patients with 2 risk factors 10.9% (11/101); and in patients with 3 or 4 risk factors 38.9% (7/18). 
In 65 patients, no score could be calculated because of incomplete data. None of these patients 
died. Patients with 0 or 1 risk factors were considered as low risk group with a mortality of 3.4%, 
patients with 2 risk factors were considered as intermediate risk group with a mortality of 10.9%., 
and patients with ≥ 3 risk factors as high-risk group with mortality of 38.9% (figure 1a). Compared 
to the low risk group, the intermediate risk group had a hazard ratio for early mortality of 3.4 (95% 
CI 1.7-7.0; p=0.001). In the high risk group, the hazard ratio was 14.5 (95%CI 6.2-33.8; p<0.001). 

Figure 1: Mortality curves in the prediction and validation cohort
Kaplan-Meier survival curve for early mortality in prediction cohort (A) and validation cohort (B). Groups are based 
on low (0-1 risk factors), intermediate (2 risk factors) or high risk (≥3 risk factors). 

Type of device

Single lead 3.4 (13/382)

Dual lead 8.1 (17/211) 2.43 (1.18-5.00) 0.02

Biventricular 4.2 (10/238) 1.25 (0.55-2.84) 0.60

Baseline characteristics were missing for some patients. HR = hazard ratio; CI = confidence interval; COPD = 
chronic obstructive pulmonary disease; DM = diabetes mellitus; CVA = cerebrovascular accident; TIA = transient 
ischemic attack; AF = atrial fibrillation; ACEi = ACE-inhibitor; ARB = angiotensin receptor blocker; iCMP = ischemic 
cardiomyopathy; dilCMP = dilated cardiomyopathy; LVEF = left ventricular ejection fraction, NYHA = New York Heart 
Association; eGFR = estimated glomerular filtration (MDRD-method).

All categorical variables with a p-value ≤0.20 were included in the multivariate model. After 
backward stepwise selection, age ≥ 75 years (p<0.001), eGFR ≤30ml/min/1.73m2 (p=0.06), a history 
or presence of atrial fibrillation (p=0.02) and LVEF ≤20% (p=0.04) remained significant (table 2).

Table 2: Multivariate analysis

HR (95% CI) p

Age ≥ 75 year 3.94 (1.94-8.02) <0.001

COPD – NS

History of AF 2.17 (1.11-4.22) 0.02

LVEF ≤ 20% 2.00 (1.04-3.83) 0.04

QRS ≥ 120ms – NS

GFR < 30 ml/min/1.73m2 3.14 (0.96-10.30) 0.06

NYHA ≥ 3 – NS

Type of device – NS

HR = hazard ratio; CI = confidence interval; COPD = chronic obstructive pulmonary disease; AF = atrial fibrillation; 
LVEF = left ventricular ejection fraction; eGFR = estimated glomerular filtration (MDRD-method); NYHA = New York 
Heart Association.
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Validation of risk score in ischemic or dilated cardiomyopathy
In the combined prediction and validation cohort, there were a total of 996 patients with an 
ischemic cardiomyopathy and 497 patients with a dilated cardiomyopathy. Figure 2 shows the 
Kaplan-Meier mortality curves for patients with ischemic (figure 2a) and dilated cardiomyopathy 
(figure 2b). In patients with an ischemic cardiomyopathy one-year mortality was 4.5% (55/996). 
Mortality rates were 3.5% (30/849), 13.4% (17/127) and 40% (8/20). Hazard ratios for mortality 
(compared to low risk were respectively 4.1 (95%CI 2.2-7.4; p<0.01) and 13.3 (95%CI 6.1-29.0; 
p<0.01). 
 In the patients with dilated cardiomyopathy, the event rate was 3.6% (18/497). Mortality rates 
were 1.9% (8/429), 8.8% (5/57) and 45.5% (5/11). Compared to the low risk group, hazard ratios 
were 5.0 (95% CI 1.6-15.3; p<0.01) and 31.7 (95% CI 10.7-100.4; p<0.001). 

Figure 2: Mortality curves for ischemic and dilated cardiomyopathy
Kaplan-Meier survival curve for early mortality in validation cohort based on low, intermediate and high risk in 
patients with (A) ischemic cardiomyopathy and (B) dilated cardiomyopathy.

Shock therapy
During follow up, 137 patients (9.2%) received a shock in respons to fast ventricular tachycardia 
or ventricular fibrillation. Appropriate shock therapy was most frequent in the intermediate risk 
group (13.7%). In the low risk group 8.6% received an appropriate shock, and in the high risk 
group only 6.5% received an appropriate shock. 

Validation of the risk score
The validation cohort consisted of 706 consecutive patients from the Erasmus Medical Center 
(Rotterdam, the Netherlands). There were no substantial differences in baseline characteristics 
between the prediction and validation cohort (table 3). One-year mortality was 4.7% (33/706), 
which was comparable to early mortality in the prediction cohort (4.8%). Figure 1b shows the 
Kaplan-Meier mortality curves for low, intermediate and high risk groups. Mortality was 2.5% 
(15/601) for the low risk patients, 13.2% (11/83) for the intermediate risk patients and 46.3% 
(6/13) for the high risk patients. Hazard ratios for early mortality, compared to the low risk group, 
were 5.7 (95%CI 2.6-12.4; p<0.01) for the intermediate group and 23.4 (95%CI 9.1-60.3; p<0.01) for 
the high risk group. 
 

Table 3: Baseline characteristics prediction and validation cohort

Variable Prediction (n=861) Validation (n=706) p

Sex

Male 678 (78.7%) 547 (77.5%) 0.55

Age 62.7±10.2 60.0±12.1 <0.01

Comorbidities

Hypertension 208 (24.4%) 127 (18.0%) <0.01

COPD 80 (9.3%) 78 (11.0%) 0.26

DM 157 (18.3%) 168 (23.8%) <0.01

CVA/TIA 68 (7.9%) 73 (10.3%) 0.09

History of AF 207 (24.0%) 199 (28.2%) 0.06

Etiology

iCMP 578 (67.1%) 467 (66.1%) 0.68

dilCMP 286 (33.2%) 239 (33.9%) 0.79

LVEF (%) 24.3±8.7 25.9±8.4 <0.01

NYHA ≥3 278 (32.3%) 285 (40.4%) <0.01

QRS (ms) 127±33 135±35 <0.01

eGFR (ml/min/1.73m2) 74.4±63.3 73.0±68.4 0.69

Early mortality 41 (4.8%) 33 (4.7%) 0.94

Baseline characteristics were missing for some patients. Continuous data are expressed as mean±SD and categorical 
as n(%). COPD = chronic obstructive pulmonary disease; DM = diabetes mellitus; CVA = cerebrovascular accident; 
TIA = transient ischemic attack; AF = atrial fibrillation; ACEi = ACE-inhibitor; ARB = angiotensin receptor blocker; 
iCMP = ischemic cardiomyopathy; dilCMP = dilated cardiomyopathy; LVEF = left ventricular ejection fraction, NYHA = 
New York Heart Association; eGFR = estimated glomerular filtration (MDRD-method).
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the natural progress of aging itself with its related increasing mortality rate. This is also shown in 
the long term mortality scores, the risk factors are comparable, only in a less severe state.(13-16)

 This study has several limitations. Current guidelines already recommend not to implant 
ICDs in patients with a life expentancy of less than 1 year. Therefore, patients included in this 
study were already selected because of presumed longevity. Despite this “selection bias”, it was 
still possible to identify a small percentage of patients with a significant risk of early mortality. In 
addition, in a small percentage of patients, we were not able to calculate a risk score because of 
missing values. However, because all of these patients stayed alive and were probably of low or 
intermediate risk (most patients had a risk score <2 with 1 missing), the statistical effect will be 
minimal. 

Table 4: Overview of existing studies evaluating early mortality

Author Patient and baseline 

characteristics

Mortality Predictors Risk

Parkash (2006)(4) Total: 469

Prediction: 228

Validation: 241

Mean age: 65±15 years

Men: 76%

Primary prevention: 

36%

CAD: 63%; iCMP: 55%

dilCMP: 19%

LVEF: 35±16%

11.8% Age > 80 years 

History of AF

Creatinine > 1.8 mg/dL

NYHA class III or IV

0 risk factors: 2.1%

1 risk factor: 8.9% 

2 risk factors: 37.5%

≥3 risk factors: 42.0%

Stein (2009)(5) Total: 1703

Mean age: 67±12 years

Men: 82%

Primary prevention: 

48%

Prior MI: 72%

LVEF: 32±12%

16.0% History of AF 

DM

Low BMI

Low MAP

Low functional class

--

Discussion

In our study, we found that early mortality occurs in 4.8% of the primary prevention ICD recipients. 
With a simple risk score, we could differentiate between high, intermediate and low risk patients. 
In particular, the presence of 3 or more risk factors was associated with an early mortality 
occurrence of almost 40%, in both ischemic cardiomyopathy and dilated cardiomyopathy patients. 
 Furthermore we showed that shock therapy was least frequent in the high risk group, 
indicating that ventricular arrhythmia may not be the prevalent cause of death in these high risk 
patients.

Risk scores may play an important role in selection of patients suited for an ICD. There are 
several studies exploring early mortality after ICD implantation in patients with ischemic or 
dilated cardiomyopathy (table 4).(4-9) In comparison to these other studies, the percentage of 
early mortality is relatively low in our population.(4-6) Possible explanations are the differences in 
percentages of primary indication ICD implantations and the mean age of included patients.(4-7) 

Contrary to all prior studies, we only included patients with a primary prevention indication for 
ICD therapy. In the other studies regarding early mortality, percentages of secondary prevention 
ICDs varied from 25-100%. Secondary prevention is associated with higher mortality rates.(10) 
In the studies by Parkash and Stein, no data about differences in mortality between primary and 
secondary prevention were reported and ICD indication was not added to the analysis.(4;5) Ertel et 
al.(6) included only patients with an age above 80 years. Clearly, age can be considered a risk factor 
for mortality by itself, especially for non-arrhythmic death.(11;12) Comparison of our data with this 
study is therefore difficult.

The currently presented risk score model has several advantages over previously reported risk 
models. Firstly, our study is the first study to focus only on primary prevention patients. We think 
that, especially in these patients, selection of the appropriate candidates is important since in 
contrast to secondary prevention only a minority will receive ICD therapy while all recipients are 
prone to complications associated with ICD carriage. Secondly, an important feature of the current 
study is the validation of the risk score in an independent cohort. Most prior studies performed 
validation of their risk model within the same cohort by means of statistical techniques like 
bootstrapping. In our study, we found similar results in the external validation cohort as in the 
prediction cohort, with significant differences in early mortality between low (2.5%), intermediate 
(13.2%) and high risk patients (46.3%). Finally, the strength of this study is that it was specially 
designed to study early mortality. In this respect, our risk score differs from the early mortality 
risk score of Kramer et al.(8), which claims to predict 1-year mortality based on predictors for 
mortality in patients with a mean follow-up of 3.1 years. They proved that their score was useful 
in predicting early mortality. However, they found a substantially lower mortality rate in their 
high risk cohort compared to ours (18.2% versus 44%), despite a comparable 1-year mortality rate. 
We hypothesise that, in analysing mortality, one should distinguish between risk factors for early 
and late mortality. Early mortality seems primarily determined by severe medical conditions, such 
as severe renal dysfunction or severe left ventricular dysfunction, and high age. In contrast, when 
predicting long term mortality, the influence of time becomes more important. This would include, 
for example, the natural deterioration of renal function or left ventricular function with age and 
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Conclusion

A simple risk score based on age above 75 years, an estimated glomerular filtration rate below 30 
ml/min/1.73m2, a left ventricular ejection fraction below 20% and a history of atrial fibrillation can 
identify patients at low, intermediate and high risk for early mortality after ICD implantation. This 
may play an important role in selection of patients suited for an ICD. 

Kao (2010)(7) Total: 507

Mean age: 65±11 years

Men: 78%

Primary prevention: 0%

Prior MI: 46%

Mean LVEF: 32±13%

10.6% Advanced age

Use of ACEi

Lower QoL

--

Ertel (2010)(6) Total: 225

Mean age: 83±3 years

Men: 80%

Primary prevention: 

42%

IHD: 85%

LVEF: 32±13%

16.4% LVEF ≤20%

Lack of betablocker use

--

Kramer (2012)(8) Total: 2717 

Prediction: 905

Validation: 1812

Mean age: 65±15 years

Men: 77%

Primary prevention: 

75%

iCMP: 58.1%

dilCMP: 24.5%

LVEF: 31%

4.2% PAD^

Age ≥ 70 years^

Creatinine ≥2.0 mg/dL~

LVEF ≤ 20%^

^1 point

~2 points

0 points: 1.7%

1 points: 4.0%

2 points: 6.9%

3 points: 15.5%

≥4 points: 18.2%

AF = atrial fibrillation; DM = diabetes mellitus; BMI = body mass index; MAP = mean arterial pressure; ACEi = ACE-
inhibitor; QoL = quality of life; LVEF = left ventricular ejection fraction; PAD = peripheral artery disease.
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Chapter 3

Value of existing mortality risk scores 
in patient selection for prophylactic 
implantable cardioverter defibrillator 
implantation.
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Abstract

Introduction: Implantable cardioverter defibrillators (ICD) are recommended as primary prevention 
in patients with low ejection fraction (EF). However, during follow-up a large percentage of ICD 
recipients will not benefit from their device. The purpose of this study was to evaluate if existing 
all-cause mortality risk scores can help in risk stratification. 

Methods: Existing mortality risk scores were evaluated in 577 patients (mean age 64 years, 85% 
male) with ischemic cardiomyopathy and prophylactic ICD. To describe the performance of the 
scores, regarding mortality, shock therapy and benefit, Kaplan-Meier survival and Cox regression 
analyses were performed. 

Results: Survival analysis showed a cumulative all-cause mortality of 28% at 5-year follow-up. 
All tested risk models were able to identify a high or very high risk group with a 5-year all-cause 
mortality rate between 44 and 69%. Appropriate shock therapy was statistically more prevalent 
in the intermediate (22-30%) and high risk (24-32%) patients, compared to the low (13-23%) and 
very high risk patients (14%). Benefit of ICD implantation was highest in low and intermediate 
risk patients (10-21%). However in the (very) high risk patients there was still a benefit of 7-13% at 
5-year follow-up.

Conclusion: All tested risk models were able to identify a high or very high risk group of patients 
with a 5-year mortality rate between 44 and 69%. High risk patients experience more appropriate 
shock therapy, and gain approximately 10% benefit of implantation. Despite these risk scores, the 
decision to implant or not to implant remains difficult. 

Kraaier K, Scholten MF, Tijssen JPG, Wilde AAM, van Dessel PFHM.
Submitted
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Methods

Patients and data collecting
Consecutive patients with an iCMP, who received a prophylactic (primary prevention) ICD following 
current guidelines of the European society of cardiology guidelines(3) between April 2006 and 
December 2008 in two large Dutch hospitals (Academic Medical Center, Amsterdam and Medisch 
Spectrum Twente, Enschede), were included in the analysis. iCMP was defined as a LVEF <35-40% 
in combination with prior myocardial infarction, coronary artery bypass surgery, percutaneous 
coronary intervention or significant coronary artery stenosis documented with conventional 
coronary angiography. In all patients, baseline demographic and clinical variables were collected 
by reviewing medical records. Vital status was determined with the use of the medical record or 
civil registration. Patients were followed up with scheduled device interrogations every 3 to 6 
months. Primary endpoint in all mortality risk scores was 5-year all-cause mortality. Secondary 
endpoint was appropriate shock therapy and benefit. Appropriate shock therapy was defined as 
shock therapy in response to a ventricular arrhythmia. To describe benefit of ICD implantation, 
appropriate shock therapy was used as a surrogate marker for mortality. Benefit of the ICD was 
defined as the difference in percentage between mortality and the combined endpoint of mortality 
and appropriate shock therapy. 

Included mortality risk scores
The mortality risk score from Goldenberg(5) was developed in the MADIT II population and consists 
of NYHA class, age, blood urea, QRS duration and atrial fibrillation (AF). There is a separate very 
high risk group of patients with high blood urea nitrogen (BUN) or creatinine. According to 
Goldenberg, patients are grouped as low (0 risk factor), intermediate (1-2 risk factors), high (≥3 risk 
factors) and very high risk patients. The mortality risk score of Cygankiewicz(6) was also developed 
in the same MADIT II cohort but with a longer follow-up. The mortality risk score consists of 
higher age, higher NYHA class, diabetes mellitus (DM), non-sinus rhythm and high BUN. Patients 
were grouped as at low (0 risk factor), intermediate (1-2 risk factors) or high risk (≥3 risk factors). 
The mortality risk score of Borleffs(8) was developed in the Leiden cohort and consists of renal 
dysfunction and failure, history of smoking, DM, lower LVEF, higher age and longer QRS duration. 
Based on points, patients were grouped as low (0-2), intermediate (3-7) or high risk (8-13). The 
mortality risk score of Bilchick(9) was developed in American Medicare patients and consists of 
higher age, higher NYHA class, AF, COPD, chronic kidney disease, low LVEF and DM. To identify a 
high risk group, a cut off value of 202 points was used. Unfortunately, due to the unavailability 
of several parameters, we were not able to test the modified version of the Seattle Heart Failure 
Model (SHFM), which was used in a SCD-HeFT substudy.(7) 

Introduction

Since the effectiveness of implantable cardioverter defibrillator (ICD) was proven in several primary 
prevention trials, the ICD plays an important role in the prevention of sudden cardiac death (SCD).
(1;2) Following current guidelines, ICD implantation is considered a Class I recommendation in 
patients with prior myocardial infarction with a residual left ventricular ejection fraction (LVEF) 
below 35% in combination with a NYHA class II or III, or a LVEF below 30% with NYHA class I 
functionality.(3) 

 Although large randomized trials showed survival benefit of ICD implantation in patients with 
ischemic cardiomyopathy (iCMP) or dilated cardiomyopathy and LVEF <35%, most ICD recipients do 
not experience life-threatening VA requiring ICD therapy.(4) To reduce the number of unnecessary 
implantations, it is important to identify the patients who are most likely to benefit. Several risk 
stratification studies have been performed to evaluate potential risk markers. However, to date, no 
single risk marker has been found to serve as the “golden standard”. 
 In the last few years, several multivariate mortality risk score models were developed to 
predict mortality in ICD recipients and identify those patients who potentially might not benefit 
from ICD implantation due to their clinical condition.(5-9) In this study, we evaluated the mortality 
risk scores of Goldenberg, Cygankiewicz, Borleffs and Bilchick and evaluate and discuss their value 
in patient selection for prophylactic ICD implantation. 
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Results
 

Between April 2002 and December 2008, 577 patients with iCMP received a prophylactic ICD. The 
mean age overall was 63.9 ± 9.6 years. Patients were predominantly male (85%) and the mean LVEF 
was 24.6 ± 8.3% (table 1). 

Table 1: Baseline characteristics 

Alive (%) Death (%) HR (95% CI) puni pmulti

Male gender 347 (84) 144 (88) 1.35 (0.84-2.18) 0.22
Age (years) 62±9 68±7 1.07 (1.05-1.09) <0.001 <0.001
Comorbidities

Hypertension 100 (35) 44 (27) 1.17 (0.83-1.65) 0.40
COPD 31 (8) 20 (12) 1.70 (1.06-2.71) 0.30
DM 72 (17) 43 (27) 1.53 (1.08-2.18) 0.20
CVA/TIA 33 (8) 12 (7) 0.97 (0.54-1.74) 0.92
AF 87 (21) 50 (31) 1.59 (1.14-2.22) <0.01 0.07

LVEF (%) 25±9 23±7 1.03 (1.01-1.05) <0.01 <0.01
NYHA ≥3 82 (20) 55 (34) 1.76 (1.27-2.42) <0.01 NS
QRS (ms) 122±30 128±32 1.01 (1.00-1.01) 0.03 NS
eGFR (ml/min/1.73m2) 76±23 63±22 1.03 (1.02-1.04) <0.001 <0.001
ICD

Single 220 (55) 77 (49)

Double 102 (25) 49 (31) 1.10 (0.92-1.67) 0.67

CRT 78 (20) 31 (20) 0.80 (0.51-1.24) 0.31

ICD therapy 91 (22) 44 (27) 1.11 (0.78-1.56) 0.57

Baseline characteristics were missing for some patients. Continuous data are expressed as mean±SD and categorical 
as n(%). HR = hazard ratio; CI = confidence interval; COPD = chronic obstructive pulmonary disease; DM = diabetes 
mellitus; CVA = cerebrovascular accident; TIA = transient ischemic attack; AF = atrial fibrillation; ACEi = ACE-
inhibitor; ARB = angiotensin receptor blocker; iCMP = ischemic cardiomyopathy; LVEF = left ventricular ejection 
fraction, NYHA = New York Heart Association; eGFR = estimated glomerular filtration rate (MDRD-method).

Statistical analysis
All continuous variables are expressed as the mean ± standard deviation and compared by using 
the t-test or Mann-Whitney test. Categorical variables were presented as number (percentage) and 
compared using chi-square test. 
 Predictors included in the mortality risk scores were analyzed using univariate and 
multivariate analysis. To describe the performance of existing mortality risk scores, Kaplan-Meier 
survival analysis and Cox regression analysis were used. In the Cygankiewicz, Borleffs and Bilchick 
risk models; c-statistics were performed. In the Goldenberg risk model this was not possible due to 
the separate very high risk group. 
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Figure 1: Goldenberg score
Kaplan Meier curves for mortality, appropriate shock therapy and the combined endpoint of mortality and 
appropriate shock therapy. The benefit curve is an composition of the curves from the combined mortality and 
appropriate shock therapy (solid line) and mortality (dashed line). Benefit is the difference in percent between those 
two lines. 

With a median follow-up of 57 months (range 0-60), a total of 163 deaths (28%) occurred. 
Univariate analysis showed significant relations between all-cause mortality at 5 years and higher 
age, history of AF, low LVEF, lower functional class, longer QRS duration and lower estimated 
glomerular filtration rate. Subsequent multivariate logistic regression identified higher age, poor 
renal function and low LVEF as significant predictors for all-cause mortality. A trend was shown for 
a history of AF (table 1). Appropriate shock therapy was not associated with death at 5 years.
 During follow-up, 125 patients (21.7%) experienced appropriate shock therapy. Statistical 
analysis showed significant relations between appropriate shock therapy, higher age and history 
of AF. The combined endpoint of mortality and/or appropriate therapy occurred in 254 patients 
(44.0%). Estimated benefit of the ICD at 5 years was 16%.

Evaluation of existing mortality risk scores
Evaluation of the mortality risk score of Goldenberg(5) was possible in 487 patients (figure 1). 
In univariate analysis, all risk factors were significant (p<0.001-0.01). After multivariate analysis, 
NYHA class (p=0.41) and QRS duration (p=0.72) lost their significance in the model (table 2). There 
were 141 low, 227 intermediate, 90 high and 29 very high risk patients. Mortality after 5 years 
was 13.5% (19/141), 25.1% (57/227), 43.8% (43/90) and 69.0% (20/29) respectively. Compared to 
the low risk patients, hazard ratios were 1.93 (95% CI 1.15-3.24; p=0.01) for the intermediate risk, 
4.51 (95% CI 2.65-7.75; p<0.001) for the high risk and 8.57 (95% CI 4.55-16.14; p<0.001) for the very 
high risk patients. Since the very high risk group is not in the statistic model, it is not possible to 
calculate C-statistics. 
 Appropriate shock therapy occurred in 24.6% (120/487) of the patients. Patients in the 
intermediate (29.5% (67/227); p<0.01) and high risk group (26.7% (24/90); p=0.02) experienced 
significantly more appropriate shock therapy compared to the low risk group (17.7% (25/141)). 
Patients in the very high risk group experienced shocks the least (13.8% (4/29)). This was, however, 
not significant compared to the other groups (p=0.43-0.54) due to the small number of patients. 
The ICD was most beneficial in the intermediate risk group, with a benefit varying between 9.7% at 
12 months up to 21.2% at 60 months. In the low risk group, benefit increased with time, from 4.3% 
at 12 months up to 15.6% at 60 months. In the high risk group, benefit was consistent at around 
8.9-10%. In the very high risk group, benefit was 0.0% after 12 and 24 months. However, after 
surviving the first 24 months, benefit increases up to 10.4% (table 3).
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Evaluation of the mortality risk score of Cygankiewicz(6) was possible in 488 patients (figure 2). 
In univariate analysis, all risk factors were significant (p<0.001-0.02). After multivariate analysis, 
NYHA class (p=0.24) and DM (p=0.35) lost their significance in the model (table 2). There were 133 
low, 265 intermediate and 90 high risk patients. Mortality was 10.5% (14/133), 28.7% (76/265) 
and 54.4% (49/90) respectively. Compared to the low risk patients, hazard ratios were 2.97 (95% 
CI 1.69-5.27; p<0.001) for the intermediate and 6.84 (95% CI 3.77-12.40; p<0.001) for the high risk 
patients. C-statistics were 0.68.

Appropriate shock therapy occurred in 24.6% (120/488) patients. There was no significant 
difference in occurrence of appropriate shock therapy between the low risk and intermediate 
risk patients (22.5% (30/133) vs 23.0% (61/265); p=0.64). The high risk patients experienced 
significantly more appropriate shock therapy (32.2% (29/90), both compared to the low and 
intermediate risk patients (both p=0.01). 

The ICD was most beneficial in the low risk group, with a benefit varying between 6.0% at 12 
months up to 20.3% at 60 months. In the intermediate risk group, benefit increased with time, 
from 6.8% at 12 months up to 15.5% at 60 months. In the high risk group, benefit varied from 
10.0% at 12 months and 13.4% at 60 months (table 3).

Table 2: Existing mortality risk scores and the predictive value of included risk markers in the independent 
cohort using multivariate analysis

Study Risk model Points HRuni (95% CI) puni HRmulti (95% CI) pmulti

Goldenberg(5) Age >70 years
NYHA III/IV
AF
QRS > 120 ms
BUN >26 mg/dL
VHR*

1
1
1
1
1

2.65 (1.90-3.70)
1.73 (1.21-2.47)
2.73 (1.86-3.98)
1.55 (1.11-2.16)

2.77 (1.99-3.87)
4.24 (2.63-6.81)

<0.001
0.03

<0.001
0.01

<0.001
<0.001

1.84 (1.29-2.62)
1.17 (0.80-1.71)
2.17 (1.47-3.23)
1.07 (0.75-1.53)
2.11 (1.46-3.03)

<0.01
0.41

<0.001
0.72

<0.001

Cygankiewicz(6) Age > 65 years
NYHA class III/IV
DM
Non-Sinus
BUN > 28 mg/DL

1
1
1
1
1

2.44 (1.69-3.51)
1.76 (1.27-2.51)
1.55 (1.07-2.24)
2.51 (1.74-3.62)
2.51 (1.79-3.52)

<0.001
<0.01
0.02

<0.001
<0.001

1.89 (1.30-2.75)
1.25 (0.86-1.82)
1.20 (0.82-1.76)
1.80 (1.23-2.65)
1.88 (1.30-2.71)

0.001
0.24
0.35

0.003
0.001

Borleffs(8) eGFR ≤ 60ml/min
eGFR 61-90 ml/min
History of smoking
DM
LVEF ≤ 25%
Age ≥ 70years
QRS ≥ 130 ms

4
1
3
2
2
2
1

4.33 (2.44-7.68)
2.79 (1.56-4.99)
1.21 (0.80-1.83)
1.52 (0.98-2.36)
1.13 (0.76-1.69)
2.54 (1.71-3.78)
1.78 (1.19-2.67)

<0.001
<0.01
0.36
0.06
0.55

<0.001
<0.01

3.45 (1.84-6.48)
2.44 (1.33-4.48)
1.60 (1.05-2.45)
1.72 (1.10-2.70)
1.05 (0.69-1.60)
1.70 (1.09-2.66)
1.40 (0.91-2.14)

<0.001
<0.01
0.03
0.02
0.81
0.02
0.12

Bilchick(9) Age ≥ 75 years
NYHA III/IV
AF
COPD
CKD
LVEF ≤ 20% 
DM

62
36
27
62

100
28
41

1.94 (1.32-2.85)
1.83 (1.31-2.55)

2.20 (1.50-3.24)
1.64 (1.01-2.65)
2.24 (1.63-3.08)
1.45 (1.02-2.06)
1.43 (1.00-2.05)

<0.01
<0.001
<0.001
0.04

<0.001
<0.04
0.05

1.63 (1.09-2.44)
1.35 (0.95-1.91)
1.95 (1.32-2.89)
1.25 (0.77-2.04)
1.93 (1.38-2.68)
1.45 (1.02-2.07)
1.30 (0.89-1.89)

0.02
0.09
<0.01
0.37

<0.001
0.01
0.17

*  VHR = very high risk group; consisting of patients with a BUN ≥ 50mg/dL or creatinine≥3.5mg/dl. 
 VHR is not taken into the multivariate analysis, since this was a separate group. 

HR - hazard ratio; CI – confidence interval; NYHA – New York Heart Association Functional Class; AF – atrial 
fibrillation, BUN – blood urea nitrogen; DM – diabetes mellitus; eGFR – estimated glomerular filtration rate; LVEF – 
left ventricular ejection fraction; COPD – chronic obstructive pulmonary disease; CKD – chronic kidney disease.
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Table 3: Estimated benefit of ICD implantation

   12 months  36 months       60 months

Score, group Mortality Shock or 

mortality

Benefit Mortality Shock or 

mortality

Benefit Mortality Shock or 

mortality

Benefit

Goldenberg

Low 0.7% 5.0% +4.3% 6.4% 16.3% +9.9% 13.5% 29.1% +15.6%

Intermediate 4.8% 14.5% +9.7% 13.2% 28.6% +15.4% 25.1% 46.3% +21.2%

High 11.1% 20.0% +8.9% 30.0% 40.0% +10.0% 47.8% 56.7% +8.9%

VHR 31.0% 31.0% +0.0% 51.7% 62.1% +10.4% 69.0% 79.3% +10.3%

Cygankiewicz

Low 2.3% 8.3% +6.0% 5.3% 19.5% +14.2% 10.5% 30.8% +20.3%

Intermediate 6.0% 12.8% +6.8% 16.2% 27.5% +11.3% 28.7% 44.2% +15.5%

High 11.1% 21.1% +10.0% 33.3% 45.6% +12.3% 54.4% 67.8% +13.4%

Borleffs

Low 0.0% 7.7% +7.7% 10.3% 20.5% +10.2% 15.4% 25.6% +10.2%

Intermediate 3.1% 9.2% +6.1% 7.9% 20.1% +12.2% 19.7% 37.1% +17.4%

High 15.1% 21.5% +6.4% 31.2% 41.9% +10.7% 50.5% 62.4% +11.9%

Bilchick

Quintile 1-4 4.4% 10.8% +6.4% 13.6% 25.0% +11.4% 26.7% 42.1% +15.4%

Quintile 5 23.3% 30.0% +6.7% 50.0% 56.7% +6.7% 60.0% 66.7% +6.7%

Evaluation of the mortality risk score of Borleffs(8) was possible in 361 patients (figure 3), mainly 
because of missing data about smoking in a large percentage of patients. In univariate analysis, a 
history of smoking (p=0.36), LVEF ≤ 25% (p=0.55) and DM (p=0.06) were not statistically significant. 
All other risk factors were significant (p<0.001-<0.01). After multivariate analysis, a history of 
smoking became a significant predictor (p=0.03). LVEF ≤ 25% (p=0.81) and QRS ≥ 130ms (p=0.12) 
lost their significance in the model (table 2). There were 39 low, 229 intermediate and 93 high risk 
patients. Mortality was 15.4% (6/39), 19.7% (45/229) and 50.5% (47/93) respectively. Compared to 
the low risk patients, hazard ratios were 1.41 (95% CI 0.60-3.29; p=0.43) for the intermediate risk 
and 4.33 (95% CI 1.85-10.13; p<0.01) for the high risk patients. C-statistics were 0.70.

Figure 2: Cygankiewicz score
Kaplan Meier curves for mortality, appropriate shock therapy and the combined endpoint of mortality and 
appropriate shock therapy. The benefit curve is an composition of the curves from the combined mortality and 
appropriate shock therapy (solid line) and mortality (dashed line). Benefit is the difference in percent between those 
two lines. 
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Evaluation of the mortality risk score of Bilchick(9) was possible in 531 patients (figure 4). In 
univariate analysis, all risk factors were significant (p<0.001-0.05). After multivariate analysis, 
NYHA class (p=0.09), COPD (p=0.37) and DM (p=0.17) lost their significance in the model (table 2). 
There were 30 patients with a score > 202, comparable to the highest quintile in Bilchick’s study. 
Mortality in these patients was 60.0% (18/30) compared to 26.7% (134/501) in the other four 
quintiles (HR 3.60 (95%CI 2.20-5.91); p<0.001). C-statistics were 0.66.
 Appropriate shock therapy occurred in 22.6% (120/531) of the patients. There was no 
significant difference in occurrence of appropriate shock therapy between the lowest four quintiles 
and the highest quintile (22.6% (113/501) vs 23.3% (7/30); p=0.27). 
 In the highest quintile group, benefit was consistently 6.7%. In the combined group of the 4 
lower quintiles, benefit varied from 6.4% at 12 month to 15.4% at 60 months (table 3). 

Figure 4: Bilchick score 
Kaplan Meier curves for mortality, appropriate shock therapy and the combined endpoint of mortality and 
appropriate shock therapy. The benefit curve is an composition of the curves from the combined mortality and 
appropriate shock therapy (solid line) and mortality (dashed line). Benefit is the difference in percent between those 
two lines. 

Appropriate shock therapy occurred in 21.6% (78/361) of the patients. There was no significant 
difference in occurrence of appropriate shock therapy between the low risk and intermediate risk 
patients (12.8% (5/39) vs 22.3% (51/229); p=0.13). Compared to the low risk patients, there was 
a trend for more appropriate shock therapy in the high risk patients (23.7% (22/93); p=0.06). The 
difference, however, was not significant between the intermediate and high risk patients (p=0.29). 
The ICD was most beneficial in the intermediate risk group, with a benefit varying between 6.1% at 
12 months up to 17.4% at 60 months. In the low risk group, benefit increased with time from 7.7% 
at 12 months up to 10.2% at 60 months. In the high risk group, benefit increased from 6.4% at 12 
months to 11.9% at 60 months (table 3).

Figure 3: Borleffs score
Kaplan Meier curves for mortality, appropriate shock therapy and the combined endpoint of mortality and 
appropriate shock therapy. The benefit curve is an composition of the curves from the combined mortality and 
appropriate shock therapy (solid line) and mortality (dashed line). Benefit is the difference in percent between those 
two lines
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There are also risk models developed for the prediction of patients who have a high probability of 
dying without prior therapy. These scores are potentially useful to identify which patients should 
not be implanted. However, the predictors for mortality before ICD therapy are comparable to not 
only the predictors of early and late mortality, but also to predictors of ventricular events.(11-14) 

 Another point worth stating is that, for the individual patient, the quality of life may be more 
important than the lifetime gained. This also must be taken into account in the decision whether 
to implant or not. 

Discussion

In this study, we confirmed that all tested mortality risk scores were able to identify a high or very 
high risk group for all-cause mortality with an estimated 5-year all-cause mortality between 44% 
and 69%. Subsequently, we showed that appropriate shock therapy is significantly more common 
in high risk patients. Benefit of ICD-implantation might be higher in the low and intermediate risk 
patients, but it is still approximately 10% in the (very) high risk patients.

All the tested mortality risk scores consist of readily available clinical data. Mortality risk scores 
developed from either trial data (5;6) or from data acquired in real life populations(8;9) appear to 
be quite similar. Higher age and reduced kidney function are incorporated in every mortality risk 
model. Higher NYHA functional class, non-sinus rhythm or atrial fibrillation, diabetes, longer QRS 
duration and lower LVEF are included in most mortality risk models. All these risk markers were 
already known for their association with mortality in ICD or heart failure patients.(3) Also in our own 
cohort, the independent predictors of mortality are equal; namely low EF, higher age, lower eGFR 
and a trend for a history of atrial fibrillation. 

The applicability of the existing mortality risk scores is limited because of the lack of data about 
the occurrence of appropriate shock therapy during follow-up and therefore benefit achieved 
by ICD implantation. Only Goldenberg and Levy showed that, compared to optimal treatment, 
ICDs did not improve survival in the high and very high risk patients in the first 2 years after 
implantation.(5;7) 
 In this study, we showed that, using the mortality risk scores, appropriate shock therapy 
was more common in patients with a higher mortality risk. This was also demonstrated by Levy 
et al., who showed that patients in the highest risk groups were receiving the most appropriate 
ICD therapy.(7) Although we have to take into consideration that appropriate shock therapy as 
a surrogate marker overestimates benefit, approximately 10% of the (very) high risk patients 
potentially gain survival benefit from ICD implantation. Using these scores for selection might still 
be hazardous.
 Furthermore, when using mortality scores as a risk predictor and selection tool to decide 
whether to implant or not, it is important to clarify what the life expectancy should be to be a 
candidate for ICD implantation. In the current guidelines, an expected survival of at least 1 year 
is used. Using the above-mentioned mortality scores, predicted 1-year mortality in the high risk 
patients is below 20%. This is a substantially lower percentage than calculated with our own early 
mortality risk model, which was developed in the same cohort; and which was able to identify a 
high risk group with a 1-year mortality around 40%.(10) When comparing the mortality risk models, 
1-year mortality seems primarily determined by severe medical conditions, such as severe renal 
dysfunction or severe left ventricular dysfunction, and high age. This is in contrast to the long 
term mortality scores in which the influence of time on the risk factors becomes more important, 
for example the natural deterioration of renal function or left ventricular function with age and 
the natural progress of aging. Therefore, when we follow to the current guidelines, reliable 1-year 
mortality risk scores are probably more useful in the decision whether to implant an ICD or not. 
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Conclusion

Although current guidelines suggest that ICDs are indicated in patients with an ischemic 
cardiomyopathy more than 40 days after myocardial infarction, LVEF < 30-40% and NYHA class I-III, 
many patients do not experience appropriate ICD therapy. 
 Using mortality risk scores, it is possible to estimate a mortality risk and identify low, 
intermediate and (very) high risk patients. However, a substantial percentage of high risk patients 
experience appropriate therapy and gain survival benefit from ICD implantation regardless of the 
high rate of 5-year mortality. 
 Therefore, the decision to implant or not to implant an ICD in these high risk patients remains 
difficult and should be made on an individual basis after careful analysis.
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Chapter 4

The impact of atrial fibrillation in a real 
world ICD cohort.
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Abstract

Introduction: Atrial fibrillation (AF) is the most common supraventricular arrhythmia in patients 
with an implantable cardioverter defibrillator (ICD). We evaluated the prognostic significance of AF 
in ICD patients with ischemic or dilated heart disease.

Methods: 647 consecutive patients with ischemic or dilated cardiomyopathy (81% male, mean 
age 64±10 years, 70% primary prevention) receiving an ICD in the Thoraxcenter Twente were 
included. Demographic data, including existence and type of AF (permanent or non-permanent) 
were collected. Primary endpoints were all cause mortality and ICD discharge (appropriate or 
inappropriate). 

Results: At implantation, 183 (28%) had a history of AF (13% non-permanent and 15% permanent. 
During 41±15 months follow up, 135 (21%) patients died, 142 (22%) patients experienced an ICD 
shock, of which 104 (16%) appropriate and 58 (9%) inappropriate. After multivariate analysis 
permanent AF was significantly related to mortality (HR 1.63 (95%CI: 1.08-2.47)) and shock therapy 
(HR 2.10 (95%CI 1.39-3.15), both appropriate (HR 1.67 (95%CI 1.03-2.71) and inappropriate (HR 3.62 
(95%CI 1.92-6.84)). Non-permanent AF was only related to inappropriate shock therapy (HR 2.43 
(95%CI 1.21-4.87)).
During follow up, 29 patients (6.3%) with sinus rhythm developed AF, this was related to 
inappropriate shock therapy (HR 2.83 (95%CI 1.08-7.41).

Conclusion: In real-world ICD recipients, almost a third have a history of permanent or non-
permanent AF, which is associated with higher rates of mortality and ICD discharge. Especially 
permanent AF is associated with higher rates of mortality and ICD discharge (both appropriate 
and inappropriate). Non-permanent AF and new onset AF are associated with inappropriate ICD 
discharge. 

Kraaier K, van Rennes B, Oude Velthuis B, Stevenhagen YJ, van Opstal JM, Scholten MF.
Submitted
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Methods

Patients and follow up
The study was conducted at the Thoraxcenter Twente (Medisch Spectrum Twente, Enschede, The 
Netherlands). All consecutive patients with ischemic or dilated heart disease who received an ICD 
between 1 January 2006 and 31 December 2009 were included in the analysis. All patients with 
ischemic or dilated cardiomyopathy received an ICD for primary or secondary prevention following 
the AHA/ESC guidelines.(7) Ischemic origin of heart disease was defined as an history of prior 
myocardial infarction or proven significant coronary abnormalities with or without interventions. 
Demographics and follow up data were collected from electronic and non-electronic patient 
files. Choice of device and programming details were left to the discretion of the implanting 
cardiologist. In most patients, 3 zones are programmed; a monitor zone (380ms), VT zone (330ms 
– ATP and shock), VF zone (270ms – ATP during charging). Discrimination criteria are programmed 
on. After implantation, follow up was scheduled every 3 to 6 months at the outpatient clinic or by 
remote monitoring. 

Endpoints
The primary endpoint of the study was all cause mortality and ICD discharge. ICD discharge was 
seperated into appropriate and inappropriate shocks. Shocks were defined as appropriate if 
occurrence was in response to ventricular tachycardia or fibrillation.

Statistical analysis
Continuous variables are presented as mean ±SD, categorical data are summarized as frequencies 
and percentages. Based on the history and ECGs, patients were divided in 3 groups: 1) no atrial 
fibrillation, 2) non-permanent AF (paroxysmal or persistent AF) and 3) permanent AF. Differences 
in baseline characteristics were analyzed using student t-test or Mann-Whitney if continuous, or 
chi-square or Fisher exact test if categorical. Survival analysis was performed using Kaplan-Meier 
cumulative survival analysis and Cox regression. Multivariate analysis was performed, using all 
univariate predictors with a p-value <0.20. All tests were 2-sided, p-values of 0.05 were considered 
statistically significant.

Introduction

The role of the implantable cardioverter defibrillator (ICD) in preventing sudden cardiac death 
has been proven in several primary and secondary prevention trials.(1-6) After implementation of 
these studies in the current guidelines, ICD implantation is now advised in patients with a survived 
cardiac arrest without reversible cause (secondary prevention), or in patients with high risk of 
cardiac arrests based on low left ventricular ejection fraction (LVEF) and heart failure symptoms 
(primary prevention).(7) 

 With a prevalence of 15-25%, atrial fibrillation is the most common supraventricular 
arrhythmia in patients with heart failure.(8) In ICD studies regarding AF, observed prevalence of AF 
is between 11 and 33%. (9-12) About the prognostic value of AF in ICD patients less is known and 
existing data regarding mortality and shock therapy are conflicting.(9-14) 
 The aim of this study is to determine the influence of AF on mortality and ICD discharge (both 
appropriate and inappropriate) during long follow up in real-world ICD recipients. 
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All p-values compared to sinusrhythm. * p<0.05. **p<0.01
LVEF = left ventricular ejection fraction; DM = diabetes mellitus; COPD: chronic obstructive pulmonary disease; CVA: 
cerebrovascular accident; TIA: transient ischemic attack; NYHA: New York Heart Association functional class.

Follow up and clinical endpoints
During a mean follow up of 41±15 months, 135 (21%) patients died. Compared to patients without 
AF, both in uni- and multivariate analysis, permanent AF was related to all-cause mortality, with a 
hazard ratio of 1.63 (95%CI 1.08-2.47, p<0.001, figure 1a). A statistical trend was found between 
non-permanent AF and mortality (p = 0.06, figure 1a)
142 (22%) Patients experienced a total of 162 shocks, of which 104 (16%) were classified as 
appropriate and 58 (9%) as inappropriate. Of the 58 inappropriate shocks, 50 (86%) shocks were 
due to a supraventricular tachycardia. After multivariate analysis, patients with permanent AF 
experienced significant more shocks (HR 2.10 (95%CI 1.39-3.15), p=<0.001), both appropriate (HR 
1.67 (95% CI 1.03-2.71), p=0.04, figure 1b) and inappropriate (HR 3.62 (95% CI 1.92-6.84), p<0.001, 
figure 1c). Non-permanent AF was associated with more shock therapy (HR 1.59 (95% CI 1.01-2.50), 
p=0.05), which could be explained by a significant relation with inappropriate shock therapy (HR 
2.43 (95% CI 1.21-4.87), p=0.01, figure 1c). There was no relation with appropriate shock therapy 
(figure 1b). Inappropriate ICD discharge were regardless the type of implanted device (all p-values 
> 0.10). 
 In the patients with AF, more amiodarone, sotalol and digoxin was used. The use of digoxin 
was related to mortality, however after correction for possible confounders (under which 
permanent AF), this relationship was not longer significant. 

New onset AF
During follow up, 29 patients (6.3%) with sinus rhythm developed AF (new-onset AF). There was a 
significant relation with inappropriate shock therapy (HR 2.83 (95%CI 1.08-7.41), p=0.03). New-
onset AF was not related to mortality (p=0.99) or appropriate shock therapy (p=0.64). 

Results

Patient characteristics
Between January 2006 and December 2009, 647 patients (81% male, mean age 64±10 years, 70% 
primary prevention) with ischemic or dilated heart disease received an ICD (table 1). A history of 
atrial fibrillation was present in 183 (28%) of the patients, in 86 (13%) non-permanent and in 97 
(15%) permanent. Compared to patients without AF, both patients with permanent and non-
permanent AF had higher age. Patients with permanent AF were also more often male, had more 
often symptoms from heart failure, and had more often comorbidities (diabetes mellitus and prior 
cerebrovascular accident or transient ischemic attack). 

Table 1: Baseline characteristics

Non-permanent AF Permanent AF No AF
Number of patients 86 97 464
General

Age (years) 66±10* 67±7** 63±10
Gender (male) 58 (79.1%) 86 (88.7%)* 371 (80.0%)
LVEF (%) 29±13 26±12 27±10

Comorbidities
Hypertension 22 (26.2%) 24 (24.7%) 111 (24.1%)
DM 15 (17.9%) 30 (30.9%)* 98 (21.2%)
COPD 9 (10.7%) 12 (12.4%) 46 (10.0%)
CVA/TIA 4 (4.8%) 15 (15.5%)** 31 (6.9%)

Indication
Primary 56 (65.1%) 64 (66.0%) 333 (71.8%)
Secondary 30 (34.9%) 33 (34.0%) 131 (28.2%)

Etiology
Ischemic 66 (76.7%) 62 (63.9%) 318 (68.5%)
Dilated 20 (23.3%) 35 (36.1%) 146 (31.5%)

NYHA ≥ 3 28 (35.4%) 39 (40.6%)** 127 (27.7%)
Medication 

Beta-blocker 56 (65.9%)** 79 (81.4%) 378 (81.8%)
Sotalol 10 (11.8%)* 3 (3.1%) 23 (5.0%)
Amiodarone 18 (21.2%) 21 (21.6%)* 64 (13.8%)
Digoxin 11 (12.9%)** 40 (41.7%)** 19 (4.1%)

Device
Single Chamber 23 (27.7%)** 51 (53.1%)** 206 (44.5%)
Dual Chamber 34 (41.0%)** 14 (14.6%)** 121 (26.1%)
Biventricular 26 (31.3%** 31 (32.3%)** 136 (29.4%)

Endpoints
Mortality 22 (25.6%) 32 (33.0%)** 81 (17.5%)
Shock 24 (27.9%) 32 (33.0%)** 86 (18.5%)

Appropriate 16 (18.6%) 22 (22.7%)* 66 (14.2%)
Inappropriate 11 (12.8%)* 16 (16.5%)** 31 (6.7%)
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Discussion

This present study shows that patients with AF have a higher mortality rate and experience more 
ICD discharges. Especially in patients with permanent AF, there are significant relations with 
mortality, and both appropriate and inappropriate shock therapy. In patients with non-permanent 
AF or new-onset AF, only the prevalence of inappropriate shock therapy was higher compared to 
patients with no documented history of AF. 

AF is very common in ICD recipients, in this cohort almost one third was known with some form of 
AF. Contrary to patients in sinus rhythm, there is limited data about the survival benefit of ICDs in 
patients with AF. In the MADIT II, only 102 patients had AF at time of enrollment.(15) Patients with 
AF had higher age and more advanced disease, which is comparable to our cohort. In the MADIT II, 
41 of the 102 patients with AF received an ICD, in these patients mortality was reduced compared 
to optimal medical treatment (22 vs 39%).(13) However, this was not statistically significant (p=0.08). 
Compared to patients without AF, both patients with known AF or new-onset AF had worse 
prognosis, regarding mortality and hospitalization. 

Several ICD and non-ICD studies studied the relation between AF and mortality, however the 
relation remains controversial, since outcomes are conflicting.(10-12;16-18) 

 In a mixed ICD population regarding etiology and indication, Borleffs et al described an 1.7 
time increased risk for all cause mortality in patients with permanent AF. No increased risk was 
found for patients with paroxysmal or persistent AF.(11) This is in line with our own results, in which 
a 1.6 higher risk in permanent AF, and no increased risk in non-permanent AF was found. Contrary, 
van Gelder et al. did not find a relation between AF and mortality.(12) The same controversy remains 
with new-onset AF and mortality, in the cohorts of the MADIT II and INTRINSIC RV study a higher 
incidence of mortality was described(10;13), however in our cohort and the PREPARE cohort, no 
relation was found.(12)

When discussing the relation between AF and ICD shocks, the separation between appropriate 
and inappropriate shocks has to be made. Hypothetically heart rate irregularity can lead to QT 
dispersion or prolongation, which are both risk factors for the occurrence of VA and which could 
therefore lead to higher percentage of appropriate shocks.(19) Smit et al showed that in primary 
prevention patients, AF was associated with a -6.9 fold risk of appropriate shocks.(14) However if 
a distinction is made between the permanent and non-permanent forms of AF it seems that only 
permanent AF is significantly associated with appropriate ICD therapy. No relation was found for 
the non-permanent forms of AF and appropriate shocks.(11-13;15)

 More data is published about the relation between AF and inappropriate shock therapy. In 
literature, both permanent and non-permanent AF is associated with inappropriate therapy.(11-13) In 
our study, 86% of the inappropriate shocks was due to AF with fast ventricular response which was 
incorrectly classified as ventricular tachycardia. 
 

Figure 1: Survival curves regarding mortality, appropriate shock therapy and inappropriate shock therapy.
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Conclusion

In real-world ICD recipients, almost a third have a history of permanent or non-permanent AF. Extra 
attention has to be paid to these patients since AF seemed to be associated with poor outcomes 
compared to patients without documented AF. Especially permanent AF leads to higher mortality 
and ICD discharge, both appropriate and inappropriate. Non-permanent AF or new-onset AF 
does not lead to higher mortality or appropriate shock therapy, but does lead to higher rates 
of inappropriate ICD discharge. In the light of our findings the question is raised what the best 
treatment strategy is in patients with an ICD and AF. Considering the difficulty to maintain sinus 
rhythm in patients with structural heart disease a more aggressive rate control achieved by drugs 
or his bundle ablation and optimal ICD programming might be beneficial. 

Since both appropriate and appropriate shocks are related to a higher mortality(20-22), it seems 
important to reduce the possibility of inappropriate shocks. This can be achieved by rhythm or 
rate control. In patients with heart failure, effectiveness of pulmonary vein isolation for rhythm 
control is poorly evaluated, so if medication fails to keep a patient in sinus rhythm, rate control 
seems the most important strategy.(23) This can be achieved by aggressive drugs strategy or his 
bundle ablation. Furthermore the choice of the system and the optimal programming settings 
seems important. A dual chamber ICD can decrease the chance of inappropriate ICD shocks.
(24) Theoretically also a single chamber ICD with atrial sensing lead should be able to reduce 
inappropriate shocks due to atrial fibrillation.(25;26) Furthermore, programming the device at 
strategically chosen ICD VT/VF detection thresholds, prolonged detection intervals and use of ATP 
or SVT discrimination algorithms can also reduce the number of inappropriate shocks.(12;27;28) 
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Part 2

Microvolt T-Wave Alternans
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Chapter 5

The influence of scar on T-Wave 
Alternans.
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Abstract

Introduction: Microvolt T-Wave Alternans (MTWA) is an electrocardiographic marker for predicting 
sudden cardiac death. In this study, we aimed to study the relation between MTWA and scar 
assessed with cardiac magnetic resonance imaging (CMR) in patients with ischemic (ICM) or dilated 
cardiomyopathy (DCM).

Methods: Sixty-eight patients with positive or negative MTWA and analysable CMR examination 
were included. Using CMR and the delayed enhancement technique, ejection fraction (LVEF), 
volumes, wall motion and scar characteristics were assessed.

Results: Overall, positive MTWA (n=40) was related to male gender (p=0.04), lower LVEF (p=0.04) 
and increased LVEDV (p<0.01). After multivariate analysis, male gender (p=0.01) and lower LVEF 
remained significant (p=0.02). Scar characteristics (presence, transmurality, and scar score) were 
not related to MTWA (all p>0.15). In the patients with ICM (n=40) scar was detected in 38. Positive 
MTWA (n=18) was related to higher left ventricular end-diastolic volume (p=0.05). In patients with 
DCM (n=28), scar was detected in 11. Trends were found between positive MTWA (n=15) and male 
gender (p=0.10), lower LVEF (p=0.10), and higher LVEDV (p=0.09). In both subgroups, the presence, 
transmurality or extent of scar was not related to MTWA (all p>0.45).

Conclusion: Neither in patients with ICM or DCM a relation was found between the occurrence of 
MTWA and the presence, transmurality or extent of myocardial scar. Overall there was a significant 
relation between heart failure remodeling parameters and positive MTWA.

Kraaier K, Olimulder MAGM, van Dessel PFHM, van der Palen J, Wilde AAM, Scholten MF.
Int J Cardiovasc Imaging. 2014
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Methods

Study population 
The study was conducted at the Medisch Spectrum Twente (Enschede, The Netherlands) as part of 
the Twente ICD Cohort Study (NL13939.044.06). In this study, the role of several non-invasive risk 
markers in predicting SCD and life threatening VA in patients with an ICD are studied. All patients 
received an ICD following current guidelines for primary and secondary prevention.(3) LVEF was 
measured using echocardiography or nuclear imaging. After obtaining informed consent, MTWA 
testing and CMR were performed before implantation, both test were performed within a month. 
In this analysis, patients with DCMP or ICMP who received an ICD following current guidelines for 
primary and secondary prevention were included. Patients with indeterminate MTWA results, or 
poor image quality were excluded from analysis. Ischemic origin of cardiomyopathy was defined 
as a history of prior myocardial infarction, or coronary abnormalities >70% and/or coronary 
interventions. 

Microvolt T-Wave Alternans 
All MTWA tests were performed with the HearTWave system II (Cambridge Heart Inc., Bedford, 
Massachusetts, USA) using the spectral analysis method and an exercise protocol. After gradually 
increasing the workload to achieve a constant heart rate, a target heart rate between 100 and 110 
beats per minute was attained and kept stable for 2.5 minutes. Subsequently during 1.5 minutes, 
a target heart rate between 110 and 120 beats per minute was attained. The MTWA tests were 
read and interpreted by two trained physicians and in case of disagreement a third physician 
was consulted. Each MTWA report was classified as positive, indeterminate, or negative using 
accepted criteria.(11) A test was defined positive if the MTWA voltage was ≥1.9μV for at least 1 
minute with an onset heart rate <110 bpm or at rest in any of three orthogonal leads (X, Y or Z), 
or in two adjacent precordial leads. If the recording did not prove positive and the heart rate was 
>105 bpm for at least one minute, the MTWA test was defined negative (figure 1). A MTWA test 
was considered indeterminate if the test did not meet the criteria for being classified as positive 
or negative. Patients continued their medication, including beta blocking agents and amiodarone, 
and therefore represent a real life population.

Introduction

Microvolt T-Wave Alternans (MTWA) is a promising electrocardiographic risk marker for predicting 
sudden cardiac death (SCD) and life threatening ventricular arrhythmia (VA). Previous studies 
have demonstrated that MTWA screening in patients with ischemic and dilated cardiomyopathy 
is effective in identifying patients the level of risk for SCD or all cause mortality.(1;2) In the current 
and ACC/AHA/ESC guidelines for management of patients with VA and prevention of SCD, there is 
a class IIa indication for MTWA testing to improve the diagnosis and risk stratification in patients 
with ischemic and non-ischemic dilated cardiomyopathy.(3)

 MTWA is a phenomenon of beat-to-beat change in amplitude of the T-Wave. This reflects 
temporal heterogeneity or dispersion in the ventricular repolarization. The exact cellular 
pathophysiological mechanism underlying MTWA remains unclear. At this moment, there are 
two hypothesis: 1) the action potential duration restitution hypothesis, and 2) the calcium cycling 
hypothesis.(2;4) Recently it has been suggested that MTWA could also be related to an anatomic 
fibrotic substrate.(5-7) Experimental models have shown the influence of structural barriers 
on the occurrence of MTWA.(6) In clinical research, the relation between myocardial disarray, 
fibrosis and MTWA was demonstrated by Kon-No et al, in a group of patients with hypertrophic 
cardiomyopathy.(5) Recently Narayan et al. demonstrated a spatial correlation between MTWA 
and wall motion abnormalities due to myocardial infarct.(7) Using cardiac magnetic resonance 
imaging (CMR) and the late gadolinium enhancement (LGE) technique, it is possible to identify 
and characterize areas of scar or fibrosis in both patients with ischemic and non-ischemic 
cardiomyopathy.(8-10) 
 The purpose of this study is to evaluate the influence of scar tissue on MTWA in patients with 
ischemic (ICMP) or non-ischemic dilated cardiomyopathy (DCM).
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Cardiac Magnetic Resonance Imaging
 CMR examination was performed on a 1.5-T whole body scanner (Achieva scan, Philips Medical 
System, Best, The Netherlands) using commercially available cardiac CMR sofware. For signal-
reception a five-element cardiac synergy coil was used. Electrocardiogram (ECG) triggering was 
done with a vector-ECG set-up. Subjects were examined in the supine position. Morphologic 
images in the cardiac short axis, four chamber long axis, three chamber, and two chamber long 
axis, and left ventricular outflow tract views were acquired by using fast field echo cine images. 
Myocardial scar and/or fibrosis was assessed on LGE multislice (without interslice gap) short- axis, 
long-axis and 4 -chamber views, obtained approximately 10 minutes after the peripheral bolus 
injection of gadolinium (Shering AG, Berlin, Germany; 0.2 mmol/kg of body weight). All CMR 
data were analyzed on a workstation using dedicated software for cardiac analysis (Philips MR 
workspace. Release 2.5.3.0 2007-12-03). All analyses were performed by two trained investigators 
who were blinded from the MTWA test results, in case of disagreement, a third investigator was 
asked.
 Left ventricular end-diastolic volume (LVEDV), end systolic volume, stroke volume, ejection 
fraction (LVEF), cardiac output and cardiac mass were calculated from contiguous short-axis loops 
by segmentation of endocardial and epicardial borders on each frame. Papillary muscles were 
regarded as part of the ventricular cavity. 
 Scar was defined as the zone of hyper enhancement on the late contrast-enhanced images, in 
contrast with the dark-gray signal of the normal myocardium. Since scar patterns differ between 
patients with ICM and DCM (figure 2),(8)different definitions of scar were used. In patients with 
ICM, scar was divided into an infarct core and -border zone. The maximum signal intensity (SI) 
within the infarct region was determined. Infarct core was defined as myocardium with SI ≥50% 
of the maximal SI.(12)The border zone was defined as myocardium with SI ≥35% of the maximal 
SI and <50% of maximal SI. Total scar was defined as the summation of infarct core and border 
zone.(13) In patients with DCM, no difference was made between core and border zone. In these 
patients, scar was defined as myocardium with SI >50% of the maximal SI. 
 After qualitative assessment of scar. The wall motion score in the left ventricular wall regions 
were scored quantitatively using a standardized 17 segment model. Wall motion of all 17 separate 
segments was assigned the following scores: normal wall motion was 0, hypokinesia 1, severe 
hypokinesia 2, akinesia 3, and dyskinesia 4. The wall motion score index (WMSI) was calculated by 
dividing the sum of scores in each segment by the total number of segments (17 segments). WMSI 
of 0 was considered as normal, 0–1 as moderate, 1–2 as poor, and >2 as bad. 

Figure 1: Example of MTWA
From top till bottom: heart rate (HR) profile, ectopy (% bad beats), noise level and alternans magnitude magnitude 
(microvolts µV) in the precordial leads (V1-V6) demonstrates no significant sustained alternans. 
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Results

From our TICS-database, 68 patients were included. All these patients had a positive or negative 
MTWA-test and a good quality CMR prior to implantation. Baseline characteristics of the 68 
included patients are listed in table 1. The mean age was 60 years, 79% were men and the average 
LVEF was 26%. Fiftyfive patients received an ICD as primary prevention therapy; the remaining 13 
patients as secondary prevention therapy. 

Table 1: Patient characteristics

Overall MTWA positive MTWA negative puni pmulti

Patients, n 68 33 35
Men 54 (79) 30 (91) 24 (69) 0.02 0.01

Age, years (±SD) 60±11 61±10 59±13 0.35
Etiology

Ischemic 40 (59) 18 (54) 22 (63) 0.49
Dilated 28 (41) 15 (46) 13 (37)

Indication ICD
Primary 55 (81) 28 (85) 27 (77) 0.42
Secondary 13 (19) 5 (15) 8 (23)

NYHA ≥3 14 (21) 7 (21) 7 (20) 0.90
LVEF, % (±SD) 26±13 23±10 29±14 0.04 0.02
LVEDV, ml (±SD) 277±83 305±84 251±75 <0.01 NS
QRS >120ms 45 (66) 21 (64) 24 (69) 0.67
Co morbidity

Hypertension 17 (25) 8 (24) 9 (26) 0.89
COPD 3 (4) 2 (6) 1 (3) 0.52
DM 9 (13) 3 (9) 6 917) 0.33

Medication
Beta-blocker 56 (82) 26 (79) 30 (86) 0.45
Diuretics 49 (72) 27 (82) 22 (63) 0.08 NS
ACE-i/ AT-II antagonist 58 (85) 29 (88) 29 (83) 0.56

Scar Characteristics
Scar 49 (73) 22 (67) 27 (79) 0.24
Transmural 20 (29) 9 (24) 12 (34) 0.36

All values are numbers (percentage) unless otherwise specified. * - median (range). ICD – implantable cardioverter 
defibrillator, LVEF – left ventricular ejection fraction, LVEDV – left ventricular end diastolic volume, COPD – chronic 
obstructive pulmonary disease, DM – diabetes mellitus, ACE-I – Ace-inhibitor, AT-II ant – Angiotensin-II antagonist.

Figure 2: Example of delayed enhancement magnetic resonance image.
Example of a patient with an ischemic cardiomyopathy (A) and non-ischemic dilated cardiomyopathy (B). In patient 
A, transmural enhancement is seen in the anteroseptal, septal and inferoseptal area with a high signal intensity 
(arrow). In patient B, midwall enhancement with a lower signal intensity (arrow), without transmurality, is seen in 
the anteroseptal, septal and inferoseptal area. 

Statistical analysis 
Continuous variables are presented as mean±SD, categorical data are summarized as frequencies 
and percentages. Differences in baseline characteristics between MTWA positive and negative 
patients were analyzed using Students t-test or Mann-Whitney U-test, as appropriate, if 
continuous, or chi-square or Fisher exact test if categorical. All variables that were significant at 
p<0.15 were entered in a multivariate logistic regression analysis. Subsequently, non-significant 
variables were removed from the model, based on -2 log likelihood tests. All tests were 2-sided, 
p-values of 0.05 were considered statistically significant. 
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Medication
Beta-blocker 13 (72) 20 (91) 0.12
Diuretics 14 (78) 15 (68) 0.50
ACE-i/AT-II antagonist 16 (89) 19 (86) 0.81

Scar Characteristics
Scar 17 (95) 21 (100) 0.27
Infarct age, years (range) 12.5±10.0 7.5±7.8 0.14
Transmural 8 (44) 12 (55) 0.53
Total infarct 20.4±12.9 21.0±7.5 0.88
Core 11.2±8.1 11.4±6.2 0.92
Border zone 9.3±5.6 9.5±3.3 0.84
Wall motion score 1.9±0.6 1.8±0.5 0.56

All values are numbers (percentage) unless otherwise specified. * - median (range). ICD – implantable cardioverter 
defibrillator, LVEF – left ventricular ejection fraction, LVEDV – left ventricular end diastolic volume, COPD – chronic 
obstructive pulmonary disease, DM – diabetes mellitus, ACE-I – Ace-inhibitor, AT-II ant – Angiotensin-II antagonist.

Patients with dilated cardiomyopathy 
Twenty-eight patients were included in the analysis (table 3). Positive MTWA was found in 15 
patients. In 11 patients, scar was detected on the LGE-CMR, which predominantly showed a 
midwall enhancement pattern and more diffuse spread. In none of the patients transmurality was 
seen. There were no statistically significant differences between the positive tested and negative 
tested group regarding presence of scar. There was a trend for larger scar size in patients with 
a positive MTWA test (10.3 vs 2.3 g; p=0.09) There was also trends for higher LVEDV (331 vs 264 
ml; p=0.09), lower LVEF (22 vs 31%; p=0.10) and more male gender (67 vs 54%; p=0.10) in the 
MTWA positive patients. After the multivariate analysis, male gender was associated with MTWA 
positivity, and a trend was seen for a association between lower EF and positive MTWA.

Patients with positive MTWA were predominantly male, had lower LVEF, higher LVEDV, and used 
more often aldosteron antagonists. Scar was identified in 43 patients, with different patterns 
in patients with ICM and DCM. Overall, no relation was found between the presence of scar, its 
transmurality, and scar score (Table 1). In the multivariate analysis, only male gender and lower 
LVEF remained significant predictors of a positive MTWA. 

Patients with ischemic heart disease 
There were 40 patients with ICM included in the analysis (table 2). MTWA was positive in 18 
patients. In 38 patients scar was identified. In the 3 patients without scar, no clinical myocardial 
infarction had been documented but revascularization had been performed due to angina 
pectoris with significant stenosis in the coronary arteries. Including or excluding these patients 
from analyses did not influence the results. There was no relation between presence of scar and 
MTWA (p=0.27). Transmural scar was identified in 50% of the patients, with no statistical difference 
between MTWA positive and negative patients (p=0.53). Total infarct size was 20.4 gram in the 
MTWA positive patients and 21.0 gram in the MTWA negative patients (ns, p=0.88). There was also 
no difference in core size (11.2 vs 11.4; p=0.94), border zone size (9.3 vs 9.5, p=0.84) or wall motion 
score (1.9 vs 1.8, p=0.56). LVEDV was significantly higher in MTWA positive patients (283 vs 243ml, 
p=0.05). 

Table 2: Ischemic heart disease

MTWA test result

Positive  Negative puni

Patients 18 22
Men 17 (94) 17 (77) 0.13

Age, years (±SD) 64±9 63±11 0.69
Indication ICD

Primary 14 (78) 17 (77) 0.97
Secondary 4 (22) 5 (23)

NYHA ≥3 15 (83) 18 (82) 0.90
LVEF, % (±SD) 24±8 28±13 0.23
LVEDV, ml (±SD) 283±59 243±62 0.05
EDWM, g (±SD) 149±41 138±37 0.37
QRS >120ms 11 (61) 17 (77) 0.27
Co morbidity

Hypertension 5 (28) 6 (27) 0.97
COPD 0 (0) 1 (5) 0.36
DM 2 (11) 5 (23) 0.34
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Discussion

This is the first study aimed to relate MTWA to the presence and extent of myocardial scar and/
or fibrosis using LGE-CMR. Neither in patients with ICM or DCM a relationship was found between 
MTWA result and the presence, transmurality or extent of myocardial scar as assessed by LGE-CMR. 
 Both in patients with ischemic and non-ischemic CMP, myocardial scar can act as an 
anatomical substrate for re-entry tachycardia which can lead to potentially lethal arrhythmias. 
Using LGE-CMR, it is possible to visualize these scars. The patterns of scar differ between ICM 
and DCM.(8) In patients with ICM, areas of scar involve the subendocardium and extend up to 
the epicardium, resulting in a transmural scar. In contrast, in patients with DCM, scar has a more 
diffuse pattern, is most commonly located in the midwall, and is unrelated to a coronary artery 
territory. The relation between scar size and the spontaneous occurrence of SCD or potential life-
threatening VA was shown in several CMR studies. The relation was both found in patients with 
ICM and DCM.(13-15)

 In the past years, MTWA has been associated with susceptibility to VA and SCD. However, its 
exact pathophysiological mechanism remains unknown. Besides the action potential duration 
restitution hypothesis and the calcium cycling hypothesis it has been suggested that MTWA 
might be relate to the extent of fibrosis or scar tissue.(5-7) Our present study does not support this 
last hypothesis, since we were not able to find a relation between the presence, transmurality or 
extent of myocardial scar and MTWA. However, MTWA appears to have a relation with heart failure 
remodelling parameters (low LVEF, large LVEDV). Male gender was also related to positive MTWA, 
this can be explained by higher incidence of SCD in male patients.(16)

 In our study, older infarct age was related to presence of MTWA in patients with 
prior myocardial infarction. This is supported by earlier studies which showed increased 
arrhythmogenesis of myocardial scar with a peak 4-12 years after the index myocardial infarction.
(17;18)

Limitations 
An important limitation of this study is its small study size, so the present conclusion requires 
confirmation in larger study groups. Patients with DCM have smaller scars with lower signal 
intensities; therefore, utilization of the semi-automatic thresholding technique can lead to 
overestimating of scar score due to difficulties to differentiate scar from remote myocardium 
and artifacts.(22) The question whether MTWA, CMR or its combination have additional value in 
predicting SCD or potentially life threatening arrhythmia can only be answered after sufficient 
follow up data have been obtained. 

Table 3: Dilated Cardiomyopathy

MTWA test result puni pmulti

Positive Negative
Patients 15 13

Men 13 (67) 7 (54) 0.10 0.04
Age, years (±SD) 58±10 52±13
Indication ICD

Primary 14 (93) 10 (77) 0.31
Secondary 1 (7) 3 (23)

NYHA ≥3 4 (27) 3 (23) 1.00
LVEF, % (±SD) 22±12 31±17 0.10 0.06
LVEDV, ml (±SD) 331±103 264±93 0.09 NS
EDWM, g (±SD) 188±71 154±75 0.23
QRS >120ms 10 (67) 7 (54) 0.70
Co morbidity

Hypertension 3 (20) 3 (23) 1.00
COPD 2 (13) 0 (0) 0.48
Diabetes 1 (7) 1 (8) 1.00

Medication
Beta-blocker 13 (87) 10 (77) 0.64
Diuretics 13 (87) 7 (54) 0.10
ACE-i/AT-II antagonist 13 (87) 10 (77) 0.64

Scar Characteristics
Scar 5 (33) 6 (46) 0.70
Transmural 0 (0) 0 (0) 1.00
Total scar size 10.3±15.9 2.3±4.44 0.09 NS

All values are numbers (percentage) unless otherwise specified. * - median (range). ICD – implantable cardioverter 
defibrillator, LVEF – left ventricular ejection fraction, LVEDV – left ventricular end diastolic volume, COPD – chronic 
obstructive pulmonary disease, DM – diabetes mellitus, ACE-I – Ace-inhibitor, AT-II ant – Angiotensin-II antagonist. 
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Conclusion

In this relatively small study, no relation was found between the occurrence of MTWA and the 
presence, extent or characteristics of myocardial scar as assessed by DE-CMR in patients with ICM 
and DCM. Overall there was a relation between heart failure remodeling parameters and positive 
MTWA. 
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Chapter 6

Is T-Wave alternans testing feasible in 
candidates for prophylactic implantable 
defibrillators.
 



98 99

Abstract
 

Introduction: Previous studies have demonstrated that Microvolt T-Wave Alternans (TWA) 
screening in patients with ischemic and dilated cardiomyopathy is effective in identifying patients 
at high or low risk of sudden cardiac death. It remains unclear which percentage of potential 
recipients of an implantable cardioverter defibrillator (ICD) are able to perform TWA testing using 
an exercise protocol which is, at this moment, the golden standard. In this study we evaluated 
the feasibility of TWA in the risk stratification of potential ICD recipients with ischemic or dilated 
cardiomyopathy.

Methods and Results: Medical charts of 165 primary prevention ICD recipients were reviewed 
to decide if patients were able to perform a TWA exercise test or not. Reasons to waiver a TWA 
test were: atrial fibrillation or flutter, pacemaker-dependency, recent (cardiovascular) surgery 
(<1month) and inability to exercise. 35% of the potential ICD recipients had 1 or more of these 
contra-indications and were therefore not suitable for testing.

Conclusion: In several studies TWA is a promising risk stratifier for predicting sudden cardiac death; 
however, in our population 35% of the potential ICD candidates cannot be tested. In order to fulfil 
its premise as a predictor for SCD, an alternative means to measure TWA needs to be evaluated.

Kraaier K, McCracken T, van der Palen J, Wilde AAM, Scholten MF.
Neth. Heart J. 2011;19(1):6-9.
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Methods

Study population
Patients with ischemic or dilated CMP receiving a prophylactic ICD (primary prevention) following 
current guidelines in the Medisch Spectrum Twente, Enschede, the Netherlands, between 1 
January 2008 and 31 May 2009 were included in the analysis.(7) Reviewing the medical charts, it 
was decided whether a patient was eligible for TWA testing using the exercise protocol or not.
Using the exercise protocol, patients have to increase their heart rate while cycling. After gradually 
increasing the workload, a constant heart rate between 100 and 110 beats/min for 2.5 minutes has 
to be achieved, followed by a constant heart rate between 110 and 120 for 1.5 minutes.
Reasons to waiver a TWA test were 1) atrial fibrillation or atrial flutter at the moment of 
implantation, 2) a paced ventricular rhythm, 3) recent (cardiovascular) surgery (less than one 
month because of potential sternum instability) and 4) the inability to perform exercise due to 
heart failure or comorbidities.(9;10) The aim of our analysis is to determine the number of patients 
not able to perform a TWA test due to these patient-related factors.

Statistical analysis
Statistical analyses were performed with SPSS 15.0 (SPSS Inc., Chicago, IL, USA). Continuous 
variables are presented as a mean ± SD, and categorical data are summarised as frequencies and 
percentages. Differences in baseline characteristics between groups were analysed using Student’s 
T-tests and X2 tests or Fisher’s exact test, as appropriate. To construct a prediction model for the 
ability to perform a TWA test, a multiple logistic regression was done. All tests were two sided, and 
P<0.05 was considered statistically significant.

Introduction

Sudden cardiac death (SCD) is the most common cause of death in the Western world.(1) With 
the introduction of the implantable cardioverter defibrillator (ICD), patients can be protected 
against SCD due to ventricular arrhythmia (VA). Primary prevention ICD trials demonstrated that 
patients with a reduced left ventricular ejection fraction (LVEF) will benefit from ICD implantation 
when compared with optimal medical treatment alone.(2;3) However, given the fact that most ICD 
recipients will never experience a life-threatening VA, requiring antitachycardia pacing (ATP) or 
shock therapy, better risk stratification is desirable to reduce the number of unnecessary device 
implantations. 
 Previous studies have demonstrated that Microvolt T-Wave Alternans (TWA) screening in 
patients with ischaemic and dilated cardiomyopathy (CMP) is effective in identifying patients 
at high or low risk for SCD or all-cause mortality.(4-6) In the current ACC/AHA/ESC guidelines for 
management of patients with VA and the prevention of SCD, there is a class IIa indication for TWA 
testing to improve the diagnosis and risk stratification in patients with ischaemic and dilated CMP.
(7) TWA is a heart rate dependent measurement of subtle beat-to-beat changes in the amplitude of 
the T wave, probably reflecting temporal heterogeneity or dispersion in ventricular repolarisation 
and predisposing patients to re-entry VA.(8) 

 One of the limitations of TWA testing is that it is not feasible in every patient. For example, 
patients with atrial fibrillation or inability to exercise cannot be examined. In most TWA studies, 
these patients are excluded. It remains unknown which percentage of potential ICD recipients, in a 
real-life population, is eligible for TWA testing using an exercise protocol.
In this study we evaluated the feasibility of TWA testing using the exercise protocol in the risk 
stratification of potential ICD recipients in a real-life population.
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Discussion

TWA is a heart rate dependent measurement of subtle changes in the amplitude of the T wave, 
which occur every alternate beat. TWA probably reflects temporal heterogeneity or dispersion in 
ventricular repolarisation, which can lead to formation of re-entry circuits and therefore lead to 
VA.(8) Especially the high-negative predictive value (>90%) makes it avaluable tool for identification 
of a group of patients who will probably not benefit from ICD implantation.(4) However, using 
the golden standard, the exercise protocol, to assess TWA, our study suggests that a substantial 
percentage of ICD candidates cannot be tested (35%). 
 Given the large percentage of patients not suitable for assessment, other protocols to measure 
TWA may be useful. Besides using an exercise protocol, TWA using the spectral analysis can also be 
estimated by pacing or by pharmacological testing. 
 Using pacing, two pacing modes can be used: atrial and atrioventricular pacing. During 
atrial pacing, the depolarisation and repolarisation of the ventricles will not differ from exercise, 
but this method cannot be used in patients with atrial fibrillation and patients with an AV block. 
Concordance rates between exercise testing and atrial pacing are reported to be between 55 and 
81%.(11-14) Its prognostic value was studied by Rashba et al., who found no prognostic value for 
incidence of death, sustained VA, and appropriate ICD therapy using an atrial paced protocol.(13) 

Using a ventricular pacing protocol, patients with atrial fibrillation and AV block can be tested as 
well. A concordance of 57-79% between exercise testing and atrioventricular pacing was found,(11;14) 
and a concordance of 83% between right atrial and right ventricular pacing. There is no literature 
available pertaining to the prognostic significance of a positive TWA test performed by ventricular 
pacing protocols. A possible explanation for the differences between outcome of exercise and 
pacing TWA is the obvious difference in the level of adrenergic stimulation. A possible hypothesis 
is that adrenalin has, through stimulation of the IKS channel, a marked influence on the action 
potential duration, and therefore on the repolarisation of cardiac muscle, which can reflect in the 
occurrence of TWA.(15) 

 In the pharmacological protocol, atropine is used to raise the heart rate. This method is not 
useful for patients with atrial fibrillation or an AV block. Failure to achieve the target heart rate 
occurs in 18% of the patients. Concordance (compared with right atrial pacing) was 96%.(16) No 
literature seems to be available on the concordance with exercise or, even more important, its 
prognostic value. 
 Another method to assess TWA is the modified moving average analysis (MMA) of TWA. This 
TWA analysis measures beat-to-beat variation in T-Wave amplitude using data from a 24-hour 
Holter. Using MMA-TWA, it is possible to assess TWA without controlling heart rate.(17) In patients 
with left ventricular dysfunction, positive MMA-TWA is predictive of cardiac mortality.(18) In patients 
with irregular rhythms (e.g. atrial fibrillation or frequent extrasystoles), data analysis is not 
possible and MMA-TWA measurement in these patients is not useful. 
 

Results 

Between 1 January 2008 and 31 May 2009, 165 patients with ischaemic or dilated CMP received an 
ICD for primary prevention and were therefore candidates for pre-implantation TWA testing.

Feasibility for TWA testing
A review of the charts identified 58 patients (35%) who were not suitable for TWA testing using 
an exercise protocol: 35 were excluded due to atrial fibrillation, 13 due to recent surgery, 6 due to 
comorbidity (2 in NYHA class IV, 2 with third-degree atrioventricular block without pacemaker, 1 
with a ventricular bigeminy, and 1 with inability to sit on a saddle because of an anal fistula), and 
4 patients due to pacemaker dependency. Patient characteristics of both groups can be found in 
Table 1.

Table 1: Patient characteristics for patients eligible and not eligible for TWA testing using an exercise protocol

All patients Eligible Not eligible pu pm

Patients 165 107 58 

Men/Women 138/27 88/19 50/8 0.51 ns

Age, yrs (±SD) 63.6(10.2) 62.2 (10.6) 66.2 (9.0) 0.02 ns

Etiology 0.22 ns

Ischemic 102 (62) 64 (60) 38 (66)

Dilated 63 (38) 43 (40) 20 (34)

Comorbidities

COPD 19 (12) 12 (11) 7 (13) 0.87 ns

DM 41 (25) 22 (21) 19 (33) 0.08 ns

CVA 7 (4) 0 (0) 7 (13) <0.001 ns

Recent surgery 13 (8) 0 (0) 13 (22) <0.001 <0.001

AF <0.001 <0.001

 Chronic 23 (14) 0 (0) 23 (40)

 Paroxysmal 21 (13) 6 (6) 15 (26)

NYHA class <0.001 ns

I 6 (4) 5 (5) 1 (2)

II 84 (51) 68 (64) 16 (28)

III 62 (37) 30 (28) 32 (55)

IV 1 (1) 0 (0) 1 (2)

Unknown 11 (7) 4 (3) 7 (13)
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Conclusion

In several studies TWA testing is a promising risk stratifier for predicting sudden cardiac death. 
Unfortunately, in our population a substantial percentage of the potential ICD candidates cannot 
be tested (35%). In order to fulfil its premise as a predictor for SCD, alternative means to measure 
TWA should be evaluated.

In patients without atrial fibrillation or inability to exercise, TWA measurement with the exercise 
protocol is the first choice. In patients with inability to exercise or in patients with indeterminate 
test results due to failure to reach the target heart rate, the atrial paced protocol is an option. In 
patients with atrial fibrillation or other irregular rhythms, TWA testing cannot be performed using 
nowadays techniques. 
 Limitations of our study include the retrospective design, and the single-centre experience. 
Reviewing of the medical records on certain criteria which are associated with a likely inability 
to perform an exercise test or with inability to analyse TWA data only gives an estimation of the 
feasibility of TWA testing.
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(18)  Sakaki K, Ikeda T, Miwa Y, et al. Time-domain T-Wave alternans measured from Holter electrocardiograms 
predicts cardiac mortality in patients with left ventricular dysfunction: a prospective study. Heart Rhythm 
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Chapter 7

Microvolt T-Wave Alternans during 
exercise and pacing are not comparable.
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Abstract

Introduction: The absence of Microvolt T-Wave Alternans (MTWA) identifies a group of patients 
who are at low risk for ventricular arrhythmia (VA) or sudden cardiac death (SCD). However, in 
exercised assessed MTWA, 20-40% of all test results are indeterminate. We hypothesised that 
MTWA during pacing would yield less indeterminate results.

Methods: Thirty patients with ischemic cardiomyopathy and prior dual chamber ICD implantation 
were enrolled. All patients underwent sequential MTWA testing using an exercise (E), atrial-paced 
(A) and atrioventricular-paced (AV) protocol. 

Results: The number of indeterminate tests was lower during pacing (A:17%; AV:3%) compared to 
exercise (37%) (E vs A: p=0,015, E vs AV: p=<0,001). When positive and indeterminate test results 
were grouped as non-negative, the concordance rates between E and A, E and AV, and A and AV 
were 60% (k=0.17), 57% (k=0.058), and 70% (k= 0.348). If indeterminate results were excluded, 
agreements were 60% (k=0.19), 50% (k=0,129) and 67% (k=0,33) respectively.

Conclusion: Indeterminate test results are less common during pacing. However, there is a low 
concordance rate between test results using different protocols. This necessitates further study to 
determine the predictive value of each method in high risk patients with ischemic cardiomyopathy.

Kraaier K, Verhorst PMJ, van der Palen J, van Dessel PFHM, Wilde AAM, Scholten MF.
Europace. 2009;11(10):1375-80
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Methods

Patient population
Thirty patients with ischemic cardiomyopathy with a previously implanted dual-chamber ICD 
according to the current guidelines were selected from the outpatient ICD clinic. Patients with a 
dual chamber device were chosen because of the ability to perform both atrial and atrioventricular 
pacing with use of the ICD device. Patients continued their medication, including betablocking 
agents and amiodarone, and therefore represent a “real world” population. Between the three 
measurement protocols, medication remained unchanged. Patients with atrial fibrillation, atrial 
flutter, excessive ventricular ectopy, or pacemaker-dependency were excluded. All patients gave 
informed consent. 

Protocol
All the MTWA tests were measured with the HearTWave system II (Cambridge Heart Inc., Bedford, 
Massachusetts, USA) using the spectral analysis method. After careful skin preparation high-
resolution electrodes were placed on the standard precordial positions and in an orthogonal (X,Y,Z) 
configuration. Exercise and pacing protocols were conducted consecutively and in random order. 
 Exercise protocol: The workload was gradually increased to achieve a constant heart rate. 
During 2.5 minutes a heart rate between 100 and 110 beats per minute (bpm) was attained. 
Subsequently the heart rate had to be kept between 110 and 120 bpm for 1.5 minutes. To avoid the 
patients’ pedal rate interfering with the expected bandwidth of the measured signal, the patients 
were instructed to hold a pedalling rate of 1/3 or 2/3 of the heart rate. 
 Pacing stimulation protocol: For each pacing mode MTWA was assessed during paced heart 
rates at 110bpm. Atrial paced data were recorded if a 1:1 atrioventricular conduction was achieved. 
For sequential atrial and ventricular pacing, the atrioventricular-delay was fixed at 120ms, to 
guarantee 100% ventricular stimulation. Data was recorded for 5 minutes. Before start of the 
recording, the heart rate had to be stable at 110bpm for at least 30 seconds in order to avoid rapid 
changes in heart rate which can interfere with the data analysis. 
 Classifying tests: The MTWA tests were read and interpreted by two physicians, and a third 
physician was asked in case of disagreement. Each MTWA report was classified as positive, 
indeterminate, or negative using accepted criteria.(15) A test was defined positive if the T-Wave 
alternans voltage was ≥ 1.9μV for at least 1 minute with an onset heart rate <110 bpm or at rest in 
any of three orthogonal leads (X, Y or Z), or in two adjacent precordial leads. If the recording did 
not meet the positive criteria and the heart rate was >105 bpm at least for one minute, the T-Wave 
alternans test was defined negative. An MTWA test was considered indeterminate if the test did 
not meet the criteria for being classified as positive or negative. Positive and indeterminate MTWA 
test results were grouped as nonnegative according to results of previous studies.(16;17)

Introduction

At present, the most important criterion to select candidates for implantable cardioverter 
defibrillator (ICD) implantation for primary prevention in patients with ischemic cardiomyopathy is 
a left ventricular ejection fraction (LVEF) ≤30-35%.(1) However, several studies have shown that this 
risk factor is not very specific, since only a small percentage of the ICD recipients will experience a 
life threatening ventricular arrhythmia (VA) requiring antitachypacing or shock therapy.(2-6) 

 In the search for more specific risk factors the use of Microvolt T-Wave Alternans (MTWA) 
might be an additional non-invasive tool to stratify risk for VA and sudden cardiac death (SCD).
(7;8) The use of MTWA has been approved by The United States Food and Drug Administration for 
noninvasive prediction of life threatening VA.(9) MTWA is a heart rate dependent measurement 
of subtle changes in the amplitude of the T-Wave, which occur every alternate beat. The 
pathophysiological mechanism behind the phenomenon of T wave alternans is not yet elucidated. 
It is hypothesized that MTWA results of beat-to-beat alternation of membrane repolarization by 
APD restitution or calcium cycling.(10) MTWA probably reflects temporal heterogeneity or dispersion 
in ventricular repolarisation, which can lead to formation of re-entry circuits and therefore 
lead to VA.(11) Especially the high negative predictive value (>90%) makes it a possible tool for 
identification of a group of patients, who probably will not benefit from ICD implantation.(8;12) This 
concept however, has been questioned recently.(13) 

 MTWA is usually assessed during exercise testing. However, a certain percentage of patients 
cannot perform this test (for example; patients with atrial fibrillation, recent surgery (<1 month) 
or inability to exercise). In addition, 20-40% of all performed tests, the results will be classified 
as indeterminate.(11;14) This percentage can be lowered by immediately repeat testing in patients 
with an indeterminate test result due to technical reasons (for example excessive signal noise), 
however for patients with indeterminate results due to patient related factors (such as frequent 
ectopic beats or inability to reach target heart rate) there is no good alternative yet. Using a 
pacing protocol (by means of a temporary pacing lead) to measure MTWA, it must be possible to 
reduce the amount of patients not able to perform the standard exercise protocol and to reduce 
the number of indeterminate tests. During atrial pacing, the depolarization and repolarisation of 
the ventricles will not differ from exercise. Because in patients with atrial fibrillation or AV block, 
an atrial pacing protocol is not possible; ventricular pacing can be an option, therefore we also 
investigated a ventricular pacing protocol. To substitute the standard test, paced MTWA results 
need to be comparable to results assessed during exercise.
 We therefore compared the results of MTWA measurement methods in a high risk population 
during exercise (E), atrial pacing (A) and atrioventricular pacing (AV). 
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Results 
 

Patient characteristics
30 patients were studied. The clinical characteristics of the patients are shown in Table 1. The 
indication for a dual chamber device in most patients was the suspected need for better SVT/VT 
discrimination by the device by the implanting physician. In one patient a second degree AV block 
was found during implantation. In three patients a first degree AV block was present. 11 patients 
experienced episodes of atrial fibrillation in the past. During follow-up 22 patients were not paced 
at all by the device. 5 Patients were atrial paced in 3-41% of all beats. Only 3 patients were AV 
sequentially paced (varying 4-25% of all beats).

Table 1: Baseline characteristics

Patients 30
Man/Woman 24/6
Age (years) 64±10
NYHA functional class

I  3 (10)
II 25 (83)
III  2 (7)

Indication ICD implantation
Primary prevention 18 (60)
Secondary prevention 12 (40)

% Atrial pacing (median, (range)) 0 (0-56)
% Ventricular pacing (median, (range)) 0 (0-24)
Time MI to test, months (median, (range)) 71 (0-288) 
Baseline ejection fraction (%) 28 (11)
Medication

Beta-adrenergic-blockers 29 (97)
Amiodarone  6 (20)
ACE-i or ARB 28 (93)
Statin 27 (90)

Continuous variables given as mean±standard deviation; other data are number of patients (% of the group).
ICD = implantable cardioverter defibrillator; NYHA = New York Heart Association; MI = myocardial infarction; 
ACE-I = angiotensin converting enzyme inhibitor; AT II = angiotensin receptor blocker

Statistical analysis
Continuous variables were expressed as mean ± standard deviation or as median with range for 
not normally distributed variables. The concordance of MTWA test results during exercise and the 
two pacing modes was calculated, using the Cohen kappa statistic. To compare the three groups of 
MTWA tests on differences in categorical variables, binominal analyses were performed. Data were 
analysed using SPSS 15.0 software (SPSS Inc., Chicago, IL). To compare groups; Student T-tests and 
Mann-Whitney U tests were used to compare continuous variables, and Chi square tests and Fisher 
exact tests were used to compare categorical variables.
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Comparison of MTWA measurement using exercise, A and AV pacing 
Both pacing protocols were performed in all patients. During atrial pacing, MTWA was positive, 
negative and indeterminate in 13 (43%), 12 (40%) and 5 (17%) patients, respectively. Indeterminate 
test results were due to occurrence of AV block (n=3), atrial block (n=1) and frequent premature 
atrial contractions during atrial pacing (n=1). In the patients using amiodarone, 2 tests were 
indeterminate, 1 due to AV block, and 1 due to frequent premature atrial contractions. During 
atrioventricular pacing, MTWA was positive in 20 (67%), negative in 9 (30%) and indeterminate in 
1 patient (3%) due to excessive noise (Table 3).
 The number of indeterminate tests was lower during the pacing protocols compared to the 
exercise protocol (A p=0,015, AV p=<0,001). Positive tests occur significantly more frequent in the 
pacing mode (A p=0,012, AV p<0.001).

Results during exercise testing
Exercise protocol was performed in all patients. Of all the exercise tests: MTWA was positive in 
7 patients (23%), negative in 12 patients (40%) and indeterminate in 11 patients (37%). Reasons 
for indeterminate test results were insufficient increase of the heart rate (n=7), exercise related 
sinus block (n=1) and excessive noise (n=3). There were no statistically significant differences in 
baseline characteristics between patients with an indeterminated test and patients with a positive 
or negative test (table 2).

Table 2: Clinical characteristics during exercise testing

Indeterminated result Positive or Negative 
result

p

Patients 11 19
Man/Woman 7/4 17/2 0.16

Age (years) 64 (11) 65 (9) 0.97
NYHA functional class 0.46

I 2 (18) 1 (5)
II 8 (73) 17 (90)
III 1 (9) 1 (5)

Indication ICD implantation 1.00
Primary prevention 7 (63) 11 (58)
Secondary prevention 4 (26) 8 (42)

Time MI to test, months (median, (range)) 41 (0-288) 112 (0-283) 0.16
Baseline ejection fraction (%) 26 (9) 30 (11) 0.39
Medication

Beta-adrenergic-blockers 11 (100) 18 (95) 1.00
Amiodarone 3 (27) 3 (16) 0.64

Continuous variables given as mean±standard deviation; other data are number of patients (% of the group).
ICD = implantable cardioverter defibrillator; NYHA = New York Heart Association; MI = myocardial infarction; 
ACE-I = angiotensin converting enzyme inhibitor; AT II = angiotensin receptor blocker.
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Figure 1: Example of the three concordant MTWA tests. 
From top till bottom: heart rate (HR) profile, ectopy (% bad beats), noise level and alternans magnitude magnitude 
(microvolts µV) in the vector magnitude (VM) and orthogonal leads (X,Y,Z) demonstrates no significant sustained 
alternans during bicycle exercise testing, atrial pacing and atrial-ventricular pacing (from left to right). 

Table 3: Concordance of MTWA test results

A Pacing MTWA AV Pacing MTWA AV Pacing MTWA

Pos Neg Indet Pos Neg Indet Pos Neg Indet

Ex
er

ci
se

 Pos 4 2 1 5 1 1

A 
Pa

ci
ng

 Pos 10 2 1

Neg 5 6 1 8 4 – Neg 6 6 –
Indet 4 4 3 7 4 – Indet 4 1 –

A=atrial, AV=atrio-ventricular, Pos=positive, Neg=negative, Indet=indeterminate, MTWA = Microvolt T-Wave 
Alternans. 

Concordance
When positive and indeterminate MTWA test results were grouped together as non-negative, the 
concordance rates between E and A, E and AV and between the two pacing tests are 60% (k=0.17), 
57% (k=0.058), and 70% (k= 0.348). When patients with indeterminate results on either test were 
excluded, the concordance rate was respectively 60% (k=0.19 n=17), 50% (k=0,129 n=18) and 67% 
(k=0,33 n=24) (Table IV). An example of concordant test is shown in figure 1.

Table 4: Percentage of concordance between different methods

Non-Negative vs Negative Positive vs Negative

E – A pacing 60% (k=0.17) 60% (k=0.19)

E – AV pacing 57% (k=0.06) 50% (k=0.13)

A-pacing – AV pacing 70% (k=0.35) 67% (k=0.33)

E=exercise, A=atrial, AV=atrial-ventricular, MTWA=Microvolt T-Wave Alternans. The non-negative group includes 
the indeterminate and the positive results. For the Positive versus Negative group, all indeterminate results are 
excluded. 
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Influence of sympathetic activation and vagal withdrawal
During exercise, there is sympathetic activation and vagal withdrawal which possibly might 
influences MTWA outcome, and probably influences its prognostic value.(24) Among patients, the 
amount of workload to achieve the target heart rate differs considerably. Therefore, not all patients 
will experience the same sympathetic activation and vagal withdrawal. Using a pacing protocol, 
it is possible to standardise and exclude the exercise variabilities. However, in reaching the 
target heart rate using a pacing protocol, the sympathetic nervous system is not activated, which 
hypothetically may influence the amount of MTWA. More research needs to be done to evaluate 
the prognostic value of the paced MTWA compared to the exercise MTWA.

Study limitations
In view of the small sample size, the specific patient cohort, and the pacing protocol used in this 
study, care must be taken to generalize the findings to a larger population. We have chosen to test 
in a real world population, therefore medication was continued which may influence the results 
of the MTWA tests, for example due to difficulties in reaching target heart rate or by lowering 
amplitude of the MTWA. Oral beta-blockers, have probably no effect on the amplitude of MTWA as 
was shown in a group of 387 patients with coronary heart disease, LVEF ≤40% and non-sustained 
VT, by use of an atrial pacing protocol, there was no difference in the percentage of positive, 
negative and indeterminate test results, nor was the predictive value affected.(25) However, the use 
of beta-blockers may increase the prevalence of indeterminate tests results may be increased due 
to inadequate chronotrope response. Little information is available on the role of amiodarone on 
MTWA. In a secondary prevention study, the percentage of positive tests was significantly lower 
in the group on amiodarone.(26) Because in our study each patient served as their own control 
when comparing the three different MTWA measurement methods, the influence of medication is 
considered constant during all the tests.
 At this moment no conclusions can be made about the prognostic value of the several MTWA 
methods in this study cohort, because a complete follow-up of our patients is not available at 
this moment. In literature, only the comparison of MTWA measured with exercise versus atrial 
pacing has been reported.(27) A group of 251 patients underwent MTWA testing, 144 using exercise 
and 178 patients using an atrial pacing protocol. During a mean follow up of 499±395days, only 
exercise was a significant predictor of the combined endpoint of incidence of death, sustained 
VT and appropriate ICD therapy. Atrial pacing induced MTWA had no prognostic value for these 
endpoints. No data in literature was found, concerning the value of atrioventricular stimulated 
MTWA. 
 With the choice for a pacing protocol with a fixed heart rate it is possible that the percentage 
of indeterminate tests is larger due to loss of 1:1 conduction at Wenckebach point of the chosen 
frequency. Probably, a pace protocol with stepwise increasing heart rate can lower this percentage.

Discussion
                                                                                                                              

MTWA is a potentially promising technique for identification of patients who will or will not 
benefit from an ICD implantation. The problem with assessing MTWA during exercise is twofold. 
Firstly, many high-risk patients are incapable of reaching an adequate level of exercise, for example 
due to recent surgery, disability, or severe symptomatic heart failure. Secondly, a significant 
amount of the exercise MTWA tests show indeterminate results. It has been suggested to classify 
indeterminate tests as non-negative, and combine them with the positive tests.(16) Statistically 
this does not change the negative predictive accuracy of the test.(8) However, within the group with 
indeterminate results, the reasons for this result vary, and Chan et al showed, that reclassifying all 
those tests as non-negative may not be correct.(17) 

 Therefore, a different technique to measure MTWA more accurately may be helpful. One 
possible technique is pacing. With the use of a pacing protocol, MTWA testing will turn into a 
minimal invasive test in patients without a previously implanted device. 

Concordance between different protocols and comparison with literature
In our study, a low concordance in test results was found between the different protocols. 
In literature, only a limited number of studies compared MTWA during exercise and pacing 
previously. In a substudy of the CARISMA trial, Raatikainen et al assessed MTWA during exercise, 
atrial, and ventriculoatrial pacing.(18) After exclusion of all indeterminate results, the concordance 
rate was 71% (k=0.53, N=43) between exercise and ventriculoatrial pacing, 79% (k=0.54, N=43) 
between exercise and atrial pacing, and 95% (k=0.89, N=57) between the two pacing modalities. 
They concluded that the concordance between the different modalities was acceptable. In our 
view, they did not correctly interpret the kappa. Kappa statistics (k) is a statistic method that can 
correct for chance agreement. Using the Landis and Koch Classification(19), the observed statistic 
correlation between exercise on one hand and both pacing modalities on the other hand must be 
interpreted as moderate, while the kappa value associated with the two pacing methods is almost 
perfect. Another limitation of this study is the patient population. Since all patients in this study 
had a recent myocardial infarction (±6 weeks), the results can not be extrapolated to patients with 
remote infarction, who constitutes the largest group of ICD recipients. 
 Hohnloser et al investigated in a secondary prevention MTWA during exercise and atrial 
pacing.(20) A concordance rate of 84% was found (P<0.001), using the Fisher’s exact test, which is 
not an accepted test to measure concordance. In this study, patients with indeterminate results 
were excluded. Rashba et al. published concordance rates between exercise and atrial pacing in 71 
patients with an overall concordance of 55%.(21) This was mainly due to a low agreement between 
the indeterminate tests (15%). When indeterminate results were excluded, an overall concordance 
rate of 73% was found. No kappa’s were mentioned. 
 In this study, we have found significantly more positive tests during A- and AV-pacing than 
during exercise. This was also described by Raatikainen et al.(22) and Salaby et al.(23) During 
ventricular pacing, changed depolarization patterns of the ventricle can be part of the explanation. 
Because during atrial pacing ventricular repolarisation remains unchanged, we cannot explain the 
observed low concordance between the atrial pacing protocol and the exercise protocol. Taking 
into account that the theoretical basis of MTWA is still poorly defined, a good explanation for these 
findings cannot be given.
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Abstract

Introduction: Although significant, survival benefit from ICD implantation is relatively low in 
primary prevention patients. Better patient selection is important to maintain maximum survival 
benefit of ICD implantation while reducing the number of unnecessary implants and costs. 
Microvolt T-Wave Alternans (MTWA) is a promising risk marker. In this study, we aimed to evaluate 
the predictive value of MTWA in a real life ICD population.

Methods and results: This study was a prospective substudy of the Twente ICD Cohort Study (TICS). 
Patients were eligible if they had ischemic or non-ischemic left ventricular dysfunction and fulfilled 
the ESC guideline criteria for ICD implantation. MTWA was assessed during treadmill testing and 
classified as non-negative or negative. The primary endpoint was the composite of mortality and 
appropriate shock therapy. Analysis was performed in 134 patients (81% male, mean age 62 years, 
mean ejection fraction 26.5%). MTWA was non-negative in 64%. There was no relation between 
non-negative MTWA testing and mortality and/or appropriate shock therapy (all p-values >0.15). 
Due to clinical conditions, 24% was ineligible for testing. These patients experienced the highest 
risk for mortality (p<0.01).

Conclusion: Non-negative MTWA testing did not predict mortality and/or appropriate shock 
therapy. Furthermore, MTWA testing is not feasible in a large percentage of patients. These 
ineligible patients experience the highest risk for mortality.

Kraaier K, Olimulder MAGM, van Dessel PFHM, Wilde AAM, Scholten MF.
Submitted.
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Methods

Study design and patient enrollment
The Twente ICD Cohort Study (TICS; NL13939.044.06) is a prospective single center observational 
study of ICD recipients, designed to evaluate the prognostic value of MTWA and other potential 
arrhythmic risk factors in predicting mortality and life-threatening ventricular arrhythmia. All 
consecutive patients between September 2007 and March 2010 who received an ICD for primary 
or secondary prevention of SCD according to the ESC guidelines were eligible for inclusion in the 
TICS.(7) In the currently presented MTWA substudy, only patients with ischemic or non-ischemic 
left ventricular dysfunction were included. Ischemic heart disease was defined as left ventricular 
dysfunction associated with documented history of myocardial infarction, prior coronary artery 
bypass surgery, prior percutaneous coronary intervention or significant narrowing of at least one 
of the major coronary arteries. All other cases were classified as non-ischemic left ventricular 
dysfunction. The choice and programming of the device were left to the discretion of the 
implanting physician. Standard settings for our center are VF zone >230 bpm, and VT zone >185 
bpm with antitachycardia pacing (ATP).

T-Wave Alternans Testing
MTWA testing was performed in all patients in sinus rhythm. Medication, including beta-blockers, 
was continued during MTWA testing. Careful skin preparation was performed and high-resolution 
electrodes were used to minimize noise. In addition to the standard 12-lead ECG, 3 orthogonal 
X, Y and Z leads were recorded as well. Measurements were made with a HeartTWave system II 
(Cambridge Heart Inc., Bedford, Massachusetts, USA) using the spectral analysis method during 
exercise. After gradually increasing the workload to achieve a constant heart rate, a target 
heart rate between 100 and 110 beats per minute was attained and kept stable for 2.5 minutes. 
Subsequently, during 1.5 minutes, a target heart rate between 110 and 120 beats per minute was 
maintained. The result of the MTWA test was automatically interpreted by the Alternans Report 
Classifier within the system and carefully reviewed by trained physicians. Each MTWA report 
was classified positive, indeterminate or negative using accepted criteria.(16;17) A test was defined 
positive if the MTWA voltage was ≥1.9μV for at least 1 minute with an onset heart rate <110 bpm 
or at rest in any of three orthogonal leads (X, Y or Z), or in two adjacent precordial leads. If the 
recording did not prove positive and the heart rate was >105 bpm for at least one minute, the 
MTWA test was defined negative. A MTWA test was considered indeterminate if the test did not 
meet the criteria for being classified as positive or negative. Based on prior literature about further 
analysis, patients with indeterminate or positive tests were combined as non-negative MTWA.(18)

Follow-up and Endpoints
All patients were followed on a regular basis (every 3-6 months) in our outpatient ICD clinic, either 
by visits or telemonitoring. All ICD data were obtained by interrogation of the device. 
 The primary endpoint was the combined endpoint of all-cause mortality and appropriate ICD 
shock therapy for VT or VF. Secondary endpoints were all-cause mortality per se and appropriate 
ICD shock therapy for VT or VF per se. 

Introduction

Several primary and secondary prevention trials have established the beneficial role of implantable 
cardioverter defibrillator (ICD) therapy in preventing sudden cardiac death (SCD).(1-6) Therefore, the 
guidelines indicate ICD implantation in both survivors of cardiac arrest (secondary prevention) and 
in patients with severe left ventricular dysfunction (left ventricular ejection fraction (LVEF) ≤35%) 
who are at high risk of developing life-threatening ventricular arrhythmias (primary prevention).(7) 
 Nevertheless, only a minority of patients will experience life-threatening ventricular 
arrhythmias (VA) necessitating ICD therapy, this being even more prominent in primary prevention 
patients.(5;6;8) Improved patient selection is therefore important to maintain maximum survival 
benefit of ICD implantation while reducing the number of unnecessary implants and costs 
associated with it.
 Microvolt T-Wave Alternans (MTWA) is a promising electrocardiographic risk marker for 
predicting SCD and life-threatening VA.(9-13) MTWA is a phenomenon of beat-to-beat change 
in the amplitude of the T-Wave. The precise underlying relation between MTWA and VA is not 
well known. One hypothesis suggests that MTWA reflects spatial and temporal heterogeneity 
or dispersion in the ventricular repolarization, which could lead to VA by means of formation of 
functional re-entry circuits.(14) Despite conflicting results regarding its predictive value, MTWA 
testing is currently incorporated in the guidelines as a diagnostic tool to improve risk stratification 
in patients with ischemic and non-ischemic severe left ventricular dysfunction.(7; 15)

 In this study, we aimed to prospectively evaluate the predictive value of MTWA in a real life 
population of ICD recipients.
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Results

Patients
From September 2007 until March 2010, 503 patients received an ICD. Of these patients, 300 were 
included in the TICS. In all other patients, no informed consent was obtained. From these 300 
patients, 269 patients with ischemic or non-ischemic left ventricular dysfunction were eligible for 
this MTWA substudy. MTWA testing was performed in 134 of 269 (49.6%) patients. In 62 of 269 
(23.0%) patients MTWA was not performed due to logistic reasons (mainly secondary prevention 
ICD recipients who received their ICD during hospitalization), 7 of 269 (2.6%) patients refused to 
participate and 66 of 269 (24.5%) patients were not capable of performing exercise-based MTWA 
testing. 
 In the tested patients (81% male, mean age 62 years, mean LVEF 26.5%), MTWA was positive 
in 48 of 134 (35.8%) patients, negative in 48 of 134 (35.8%) patients and indeterminate in 38 of 134 
(28.3%) patients (due to noise (9 of 134 (6.7%) patients), frequent ventricular or atrial ectropy (15 
of 134 (11.2%) patients), or not achieving the target heart rate (14 of 134 (10.4%) patients). Positive 
and indeterminate results were combined in the non-negative group. The clinical characteristics 
are presented in table 1. Among patients with a non-negative test result, significantly more were 
male and had wider QRS duration. There was a trend for association between lower LVEF and non-
negative MTWA. 

Table 1: Clinical characteristics

All Negative Non-negative Ineligible
Number of patients 200 48 86 66
General

Age (years±SD) 63.0 (10.3) 59.8 (11.9) 63.0 (9.5) 65.8 (9.8)**
Gender (male) 170 (84.6) 33 (68.8) 75 (87.2)* 62 (93.9)**
LVEF (%±SD) 26.7 (12.2) 29.1 (13.1) 25.0 (11.2) 27.0 (12.8)

Comorbidities
Hypertension 53 (26.4) 12 (25.0) 24 (27.9) 18 (27.3)
DM 47 (23.4) 11 (22.9) 14 (16.3) 22 (33.3)
COPD 21 (10.4) 2 (4.2) 11 (12.8) 7 (10.6)
CVA/TIA 14 (7.0) 3 (6.2) 4 (4.7) 7 (10.6)
AF 52 (25.9) 5 (10.4) 9 (10.5) 40 (60.6)**

Indication
Primary 161 (80.5) 38 (79.2) 74 (86.0) 49 (74.2)
Secondary 39 (19.5) 10 (20.8) 12 (14.0) 17 (25.8)

Etiology
Ischemic 135 (67.2) 34 (70.8) 53 (61.6) 48 (74.2)
Dilated 66 (32.8) 14 (29.2) 44 (38.4) 17 (25.8)

Statistical analysis
Continuous variables are presented as mean ± SD, and categorical data are summarized as 
frequencies and percentages. Differences in baseline characteristics between MTWA positive and 
negative patients were analyzed using Students t-test or Mann-Whitney U-test, as appropriate, if 
continuous, or chi-square or Fisher exact test if categorical. Unless otherwise specified, p-values 
and confidence intervals (CIs) were two-sided and a p-value < 0.05 was considered significant.
Univariate and multivariate logistic regression analyses were performed to evaluate MTWA as 
an independent predictor of mortality and/or appropriate shock. All variables were evaluated by 
univariate analysis as possible predictors, and only those with a significance at or below p=0.15 
were analyzed using multivariate logistic regression analysis.
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Appropriate shock therapy as alternative secondary endpoint occurred in 11 of 134 (8.2%) patients, 
5 of 86 (5.8%) patients with a non-negative MTWA and 6 of 48 (12.5%) patients with a negative 
MTWA (ns, p=0.19, figure 1). In the patients with ischemic left ventricular dysfunction, 8 of 87 
(9.2%) patients experienced appropriate shock therapy. Three of 8 (37.5%) patients had a non-
negative test, and 5 of 8 (62.5%) had a negative test (ns, p=0.14). In the patients with non-ischemic 
LV dysfunction, 3 of 47 (6.3%) patients experienced appropriate shock therapy. Two of 3 events 
(66%) occurred in patients with a non-negative test result whereas 1 of 3 (33%) patients with a 
negative test result experienced appropriate therapy (ns, p=0.97).

Table 2: Predictors for the combined endpoint of mortality and appropriate therapy

Univariate analysis
Hazard Ratio p

Age 1.03 (0.99-1.07) 0.16
Male gender 1.13 (0.42-3.04) 0.89
LVEF 0.99 (0.96-1.03) 0.67
Comorbidities

Hypertension 0.54 (0.18-1.59) 0.26
DM 1.25 (0.46-0.37) 0.66
COPD 3.47 (1.36-8.84) 0.01
CVA/TIA 0.04 (0.00-64.08) 0.40
AF 1.51 (0.45-5.10) 0.50

Prophylactic indication 0.55 (0.22-1.39) 0.21
Ischemic cardiomyopathy 0.74 (0.33-1.69) 0.47
NYHA funtional class ≥ 3 1.22 (0.45-3.30) 0.69
QRS duration (ms±SD) 1.01 (1.00-1.03) 0.03
Non-negative MTWA 1.29 (0.53-3.13) 0.58

Hazard ratio (+/-95% CI). Hazard ratio for age per 1 year increase in age. Hazard ratio for LVEF per 1% increase in 
LVEF. Hazard ratio for QRS duration per 1ms increase in duration. LVEF = left ventricular ejection fraction; DM = 
diabetes mellitus; COPD = chronic obstructive pulmonary disease; CVA = cerebrovascular accident; TIA = transient 
ischemic attack; AF = atrial fibrillation; ACEi = angiotensin-converting enzyme inhibitor; ARB = angiotensin receptor 
blocker; NYHA = New York Heart Association. 

Medication
Beta-blocker 169 (84.1) 42 (87.5) 70 (81.4) 55 (83.3)
ACEi/ARB 169 (84.1) 50 (83.3) 75 (87.2) 53 (80.3)
Diuretics 153 (76.1) 32 (66.7) 66 (76.7) 55 (83.3)*
Amiodarone 20 (10.0) 4 (8.3) 6 (7.0) 10 (15.2)

NYHA funtional class 
≥ 3

53 (26.8) 7 (14.6) 18 (21.2) 29 (45.3)**

QRS duration (ms±SD) 125 (31) 115 (30) 125 (28) 131 (34)*

* p<0.05 and ** p<0.01 in comparison with TWA negative group. 

LVEF = left ventricular ejection fraction; DM = diabetes mellitus; COPD = chronic obstructive pulmonary disease; CVA 
= cerebrovascular accident; TIA = transient ischemic attack; AF = atrial fibrillation; ACEi = angiotensin-converting 
enzyme inhibitor; ARB = angiotensin receptor blocker; NYHA = New York Heart Association. 

Clinical outcome
During a mean follow-up of 38±10 months, 21 patients (15.6%) reached the primary endpoint of 
death (10 of 134 (7.5%) patients) and/or appropriate shock therapy (11 of 134 (8.2%) patients). 
 Predictors for the combined endpoint of mortality and appropriate shocks (table 2) were wider 
QRS duration (p=0.03) and chronic obstructive pulmonary disease (p=0.01). No significant relation 
was found between non-negative MTWA testing and the primary endpoint (p=0.58, figure 1).

Ischemic left ventricular dysfunction was present in 87 of 134 (64.9%) patients, of whom 53 of 87 
(60.9%) had a non-negative test result. Non-ischemic left ventricular dysfunction was present in 
47 of 134 (35.1%) patients, of whom 33 of 47 (70.2%) had a non-negative test result. MTWA was 
neither predictive for the combined endpoint of death and/or appropriate shock in ischemic or 
non-ischemic LV dysfunction (all p-values >0.66). 
 Regarding the secondary endpoint mortality, significant associations were found with lower 
LVEF (p=0.03), chronic obstructive pulmonary disease (p=0.05), NYHA functional class ≥ 3 (p=0.02), 
non-negative MTWA (p=0.05, figure 1) or QRS duration (p=0.03). After constructing a multivariate 
model using these parameters, multivariate analysis showed that MTWA was not longer an 
independent predictor (p=0.15). In the patients with ischemic left ventricular dysfunction, 6 of 87 
(6.9%) patients died, all in the non-negative MTWA group. Using Kaplan Meier survival analysis, 
a significant relation between non-negative MTWA and mortality was found (p=0.04). Other 
significant univariate variables were lower LVEF and wider QRS duration. After correction using 
multivariate regression analysis, non-negative MTWA lost its significance. In the non-ischemic LV 
dysfunction group, 5 of 47 (10.6%) patients died, 4 in the non-negative group and 1 in the negative 
group. No relation was found between MTWA and mortality (p=0.55).
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Figure 1: Survival curves regarding the role of MTWA in predicting 
(A) mortality and/or appropriate shock therapy, (B) mortality and (C) appropriate shock therapy. 

Ineligible patients
In 66 of 269 (24.5%) patients, MTWA by means of exercise stress testing was technically not 
feasible because of atrial fibrillation (n=43), pacemaker-dependency (n=8), or clinical state (n=15). 
Ineligible patients were more frequently male (p=0.01), older (p<0.01), more often known with 
atrial fibrillation (p<0.001), and a lower functional class (p<0.001). The combined primary endpoint 
of mortality and appropriate shock was reached in 26 of 66 (39.4%) patients. This was significantly 
higher than in the non-negative (RR 2.5 (95% CI 1.3-4.7) p<0.01) and negative (RR 3.3 (95% CI 
1.4-7.6), p<0.01) MTWA group. After multivariate correction for confounders, ineligibility for 
TWA testing remained the only significant predictor of the combined endpoint of mortality and 
appropriate shock therapy (figure 1). 
 Regarding the secondary endpoints, compared to non-negative patients, ineligible patients 
experienced both higher rates of mortality (p=0.01, figure 1) and appropriate shocks (p=0.01, 
figure 1).

0 12 24 36 48 60
0

20

40

60

80

100

S
ur

vi
va

l 
(%

)

Time since implantation
(months)

Non-negative
Negative
Ineligible

0 12 24 36 48 60
0

20

40

60

80

100

Time since implantation
(months)

S
ur

vi
va

l 
(%

)

Non-negative
Negative
Ineligible

0 12 24 36 48 60
0

20

40

60

80

100

Time since implantation
(months)

S
ur

vi
va

l 
(%

)

Non-negative
Negative
Ineligible

A	  

B	  

C	  

NN	  vs	  N:	  p=0.58	  
NN	  vs	  I:	  p<0.01	  
N	  vs	  I:	  p<0.01	  

NN	  vs	  N:	  p=0.05	  
NN	  vs	  I:	  p=0.01	  
N	  vs	  I:	  	  p<0.01	  

NN	  vs	  N:	  p=0.19	  
NN	  vs	  I:	  p=0.01	  
N	  vs	  I:	  	  p=0.24	  

Non-‐nega8ve	  
Nega8ve	  
Ineligible	  

87	  
48	  
66	  

81	  
46	  
56	  

72	  
44	  
42	  

45	  
31	  
24	  

18	  
7	  
10	  

Non-‐nega8ve	  
Nega8ve	  
Ineligible	  

87	  
48	  
66	  

84	  
48	  
58	  

79	  
48	  
53	  

48	  
35	  
29	  

20	  
10	  
12	  

Non-‐nega8ve	  
Nega8ve	  
Ineligible	  

87	  
48	  
66	  

81	  
46	  
56	  

75	  
45	  
47	  

35	  
31	  
24	  

18	  
7	  
10	  



136 137

Conclusion
 

In the present study, we did not find a significant relation between non-negative MTWA testing 
and mortality or appropriate shock therapy. Its role in the selection of ICD patients remains 
therefore controversial. Furthermore, MTWA testing is not feasible in a large percentage of 
patients. These ineligible patients experience the highest risk for mortality or appropriate ICD 
therapy.

Discussion

In this study, non-negative MTWA was not associated with mortality and/or appropriate shock 
therapy. In fact, there was no relation between ventricular tachyarrhythmia requiring ICD shock 
therapy and non-negative MTWA. Furthermore, patients – in whom MTWA is not technically 
feasible – will experience the highest risk for mortality and appropriate shock therapy.

The role of MTWA testing in selecting patients for ICD implantation remains controversial. Some 
studies state that MTWA is a potentially useful predictor of ventricular tachyarrhythmic events 
and mortality in patients with ischemic or non-ischemic heart disease.(9-13) Other studies reported 
results which are less promising. The relation with mortality was still significant, but no relation 
between MTWA and ventricular tachyarrhythmic events was found.(19) The results of the MTWA 
substudy of the SCD-HeFT are in concordance with our study, namely not showing a relation 
between MTWA and mortality or appropriate ICD therapy.(20) The differences in outcome with prior 
studies which did find significant relations between MTWA and SCD(9-13) can possibly be explained 
by the use of appropriate ICD therapy as a surrogate endpoint for arrhythmic mortality, and the use 
of beta-blockers during exercise testing.(19;20) 

 Recently, doubt has been raised about the feasibility of MTWA testing in potential ICD 
recipients.(21) In our study, MTWA testing was not technically feasible in 32% of included patients. 
In 2011, data from our hospital showed that in 58 of 165 (35%) candidates for primary prevention 
ICD implantation MTWA testing was not possible.(21) Recently, Shizuta et al. found a similar 
percentage. In their multicenter cohort of 453 candidates for primary prevention ICD implantation, 
MTWA testing was not feasible in 173 of 453 (38%) of patients.(22) If testing in ineligible patients 
is mandatory, protocols based on (atrial and/or ventricular) pacing or pharmacological increase of 
heart rate are possible. These protocols, however, are not useable in patients with atrial fibrillation 
or other irregular heart rhythms, but are very useful for patients who cannot reach the target 
heart rate. Concordance between these different protocols varies between 55-98%.(23-27) Not much 
is known about the prognostic value of pacing-based MTWA. Rashba et al. found no relation 
with death, sustained ventricular arrhythmia or appropriate ICD therapy using an atrial paced 
protocol.(24) No data are reported on the prognostic value of ventricular pacing-based protocols 
or pharmacological intervention protocols to increase heart rate. The question remains whether 
these patients need to be tested by means other than exercise stress testing MTWA protocols since 
in both our and Shizuta’s study, the technical infeasibility of exercise-based MTWA testing proved 
to be the strongest independent risk predictor for mortality and ventricular tachyarrhythmia 
requiring ICD therapy.(22) 

Limitations
The main limitation of this trial is the number of patients in combination with the low event rate. 
The study is therefore relatively underpowered and caution is required when interpreting the 
results.
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Scar Tissue
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Chapter 9

ECG quantification of Myocardial Scar 
does not differ between primary and 
secondary prevention ICD recipients with 
ischemic heart disease.
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Abstract

Introduction: Myocardial scar is an anatomic substrate for potentially lethal arrhythmias. Recent 
study showed that higher QRS-estimated scar size using the Selvester QRS score was associated 
with increased arrhythmogenesis during electrophysiologic testing. Therefore, QRS scoring might 
play a potential role in risk stratification before ICD implantation. In this study, we tested the 
hypothesis that QRS scores among ICD recipients for secondary prevention are higher than QRS 
scores in primary prevention patients. 

Methods and Results: From the hospital database, 100 consecutive patients with ischemic heart 
disease and prior ICD implantation were selected. 12-Lead ECGs had been obtained before 
implantation. ECGs were scored following the 32-points Selvester QRS scoring system and corrected 
for underlying conduction defects and/or hypertrophy. 93 ECGs were suitable for scoring, 7 ECGs 
were rejected because of noise, missing leads, excessive ventricular extrasystoles, or ventricular 
pacing. No statistically significant difference in QRS score was found between the primary (6.90 
(SD 3.94), n=63) and secondary prevention group (6.17 (SD 4.50) (p=0.260), n=30). Left ventricular 
ejection fraction (LVEF) was significantly higher in the secondary prevention group (31% (SD 13.5) 
vs 24% (SD 11.7) (p=0.015)). When patients with LVEF ≥35% were excluded, QRS scores were still 
comparable, namely 7.02 (SD 4.04) in the primary prevention group (n=52) and 6.28 (SD 4.24) in 
the secondary (p=0.510) (n=18).

Conclusion: We found no significant difference in QRS score between the ischemic primary and 
secondary prevention group. Therefore a role of the Selvester QRS score as a risk stratifier remains 
unlikely. 

Kraaier K, van Dessel PFHM, van der Palen J, Wilde AA, Scholten MF
Pacing Clin Electrophysiol. 2010;33(2):192-7
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Methods

Patients
From the hospital database, 100 consecutive patients with ischemic CMP and prior ICD 
implantation, according to the current guidelines of the Dutch (NVVC) and European (ESC) society 
of Cardiology, were selected. The selected patients are all included in a single-center prospective 
cohort study (TICS – Twente ICD Cohort Study) in which the predictive value of several risk markers 
for VA are studied. 

Electrocardiographic Analysis
12-Lead ECG’s were obtained before ICD implantation and analyzed using the Selvester QRS 
criteria. The Selvester QRS criteria consist of 53 criteria which involve Q- and R wave duration and 
R/Q and R/S amplitude ratios. A maximum of 32 possible points can be achieved; with each point 
representing 3% of the left ventricle mass. Confounders are left bundle branch block (LBBB), left 
anterior fascicular block (LAFB), right bundle branch block (RBBB), combination of LAFB and RBBB, 
and left ventricular hypertrophy (LVH). If any of these confounders was present, a modified QRS 
score was used.(9)

Statistical Analysis
Continuous variables are expressed as a mean (±SD). To compare the primary and secondary 
prevention group; Student T-tests and Mann-Whitney U tests were used to compare continuous 
variables, and Chi square tests and Fisher exact tests were used to compare categorical variables. P 
values <0.05 were considered statistically significant. 
 

Introduction

With the introduction of the implantable cardioverter defibrillator (ICD), patients can be protected 
from sudden cardiac death (SCD) due to ventricular arrhythmia (VA).(1-5) In patients with ischemic 
cardiomyopathy (CMP), a low ejection fraction (LVEF) is a risk marker for SCD, and the most 
important criterion to decide whether a patient will receive an ICD for primary prevention.(6) Given 
the fact that many patients who receive an ICD for primary prevention will never experience a life-
threatening VA requiring anti-tachycardia pacing (ATP) or shock therapy,(7) better risk stratification 
is desirable to reduce the number of unnecessary device implants.
 Both in patients with ischemic and non-ischemic CMP, myocardial scar is an anatomical 
substrate for potentially lethal arrhythmias. Recently, Strauss et al. showed ECG quantification 
using the Selvester QRS score can identify and quantify scar size in both ischemic and non-ischemic 
CMP patients. A higher QRS-estimated scar size was associated with increased arrhythmogenesis 
during electrophysiologic testing (EPS).(8) Therefore, there may be a potential role for the Selvester 
QRS score as an additional risk marker for the selection of candidates for primary prevention. 
In this study, we tested the hypothesis that the Selvester QRS scores adapted for confounders 
among ICD recipients with ischemic heart disease and prior life threatening VA (secondary 
prevention group) are higher than the QRS scores in those who received prophylactic ICDs (primary 
prevention group).
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Values are numbers (percentage) unless otherwise specified. ACE inhibitor: angiotensin-converting enzyme inhibitor, 
AT-II-inhibitor: angiotensin II inhibitor, LBBB: left bundle branch block, LAFB: left anterior fascicular block, RBBB: right 
bundle branch block, LVH: left ventricular hypertrophy. 

Differences between primary and secondary prevention group
Overall the QRS score was 6.90 (SD 3.94) in the primary prevention group, compared to 6.17 (SD 
4.50) in the secondary prevention group, which is not significantly different (p=0.26) (table 2, figure 
1). The QRS scores in the primary and secondary prevention group were comparable for both 
infarcts ≤ 12 months and > 12 months (p=0.32 and p=0.87). There was no significant difference in 
QRS estimated scar size between patients with anterior versus patients with a inferior infarction. 
In patients with anterior infarction, there was no significant difference in QRS scores between the 
primary and secondary prevention group (p=0.73). Likewise in patients with inferior infarction, no 
significant difference was found (p=0.66). Patients with multiple infarctions had higher QRS scores, 
which did not prove statistically significance. Both for patients with a single or multiple infarctions, 
no significant difference in QRS scores between the primary and secondary prevention group 
was found (p=0.75 and p=0.62) In the group of patients with normal conduction and no without 
electrocardiographic signs of left ventricular hypertrophy, there was a trend which showed a lower 
QRS score in the secondary prevention group, ( 5.05 (SD 3.63) compared to 6.92 (SD 4.02) in the 
primary prevention group (p=0.08). Other ECG confounders were not analyzed due to the small 
amount of patients in those groups. 

Table 2: QRS scores 

         QRS score              

Primary prevention n
Secondary 
prevention

n p

Overall 6.90 (3.94) 63 6.17 (4.50) 30 0.26
Infarct Age

≤12 months 5.80 (3.64) 10 4.17 (1.47) 6 0.32
> 12 months 7.33 (3.85) 45 7.15 (4.67) 20 0.87

Infarct
Single 6.67 (3.71) 51 6.35 (4.36) 23 0.75
Multiple 8.78 (4.60) 9 7.40 (5.18) 5 0.62

Infarct localization
Anterior 7.17 (3.68) 36 6.67 (4.27) 9 0.73
Inferior 5.56 (3.97) 18 4.92 (3.55) 12 0.66

ECG Confounders
No Confounders 6.92 (4.02) 39 5.05 (3.63) 21 0.08

All values are mean ± SD. 

Results

Study patients
One hundred patients were selected. From these, 93 ECGs were suitable for scoring. 7 ECGs 
were rejected because of noise, missing leads, excessive ventricular extra systoles, or ventricular 
pacing. Of these 93 patients, 63 received their ICD for primary prevention, and 30 for secondary 
prevention. Baseline characteristics are presented in table 1. Baseline ejection fraction was 
significantly higher in the secondary prevention group compared to the primary prevention group, 
30.7% vs 24.3% (p=0.027). Infarct localization significantly differed between the secondary and 
primary prevention group. If patients with LVEF >35% were excluded from analyses, no significant 
differences in any of the baseline characteristics remained.

Table 1: Patient Characteristics 

All patients Patients with LVEF ≤35%
Primary 

Prevention
Secondary 
prevention

p Primary 
Prevention

Secondary 
prevention

p

Patients, n 63 30 52 18
Men/Women 56/7 28/2 0.46 45/7 17/1 0.67

Age, years (±SD) 64.4 (9.0) 62.6 (8,8) 0.37 65.2 (8.6) 63.7 (7.9) 0.54
Infarct age, months (mean, range) 129 (0-459) 143 (0-491) 0.85 142 (1-459) 168 (1-491) 0.54
Infarct 0.76 0.73

Single 51 (81) 23 (77) 41 (79) 14 (78)
Multiple 9 (14) 5 (17) 9 (17) 4 (22)
Unknown 3 (5) 2 (7) 2 (4) 0 (0)

Infarct localization 0.05 0.33
Anterior 36 (57) 9 (30) 28 (54) 7 (39)
Inferior 18 (29) 12 (40) 16 (31) 6 (33)
Both 7 (11) 7 (23) 7 (13) 5 (28)
Unknown 2 (3) 2 (7) 1 (2)

Baseline ejection fraction, % (SD) 24.1 (12) 31.0 (13,5) 0.015 20.4 (7.8) 22.4 (7.8) 0.33
Medication

B-blocker 52 (83) 26 (86.7) 0.77 43 (82.7) 14 (77.8) 0.73
ACE-inhibitor 50(79) 22 (73,3) 0.52 40 (76,9) 14 (77.8) 1.00
AT-II-inhibitor 9 (14) 3 (10,0) 0.75 9 (17.3) 3 (16.7) 1.00

QRS score 6.90 (3.94) 6.17 (4.50) 0.26 7.02 (4.04) 6.28 (4.24) 0.51
ECG Confounders 0.16 0.16

No confounders 39 (62) 21 (70) 32 (62) 14 (78)
LBBB 15 (24) 3 (10) 11 (34) 2 (11)
LAFB 6 (10) 3 (10) 6 (12) 0 (0)
RBBB 1 (2) 3 (10) 1 (2) 2 (11)
RBBB + LAFB 0 (0) 0 (0) 0 (0) 0 (0)
LVH 2 (3) 0 (0) 2 (4) 0 (0)
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Figure 1: Selvester QRS scores in the complete group, and in group with LVEF ≤35% for both primary (dark grey) and 
secondary (light grey) prevention group. On the vertical axis Selvester QRS score in points (mean (±SEM)).

In order to exclude the statistical influence of the larger extent of patients with relatively preserved 
LV function in the secondary prevention group, patients with a LVEF >35% were omitted and 
the aforementioned analysis was repeated. After this exclusion, 52 and 18 patients remained 
in the primary respectively secondary prevention group. Overall scores were 7.02 (SD 4.04) in 
the primary prevention group and 6.26 (SD 4.24) in the secondary prevention group, without 
statistical significance (p=0.510) (table III, figure I). Again in this second analysis, we found no 
statistic differences between the primary and secondary prevention group, regarding infarct age 
(≤12 months p=0.83, > 12 months p=0.52), infarct localization (anterior p=0.11, inferior p=0.31), 
number of infarctions (single infarction p=0.95, multiple infarction p=0.23) or conduction (normal 
conduction with no electrocardiographic signs of LVH p=0.341). 

Table 3: QRS scores in patients with LVEF ≤ 35%.

QRS score

Primary prevention n Secondary prevention n p

Overall 7.02 (4.04) 52 6.26 (4.24) 18 0.51

Infarct Age

≤12 months 5.00 (2.98 8 5.50 (0.71) 2 0.83

> 12 months 7.51 (4.11) 37 6.67 (4.50) 15 0.52

Infarct

Single 6.59 (3.90) 41 6.50 (4.54) 14 0.95

Multiple 8.78 (4.60) 9 5.50 (3.42) 4 0.232

Infarct localization

Anterior 6.96 (3.95) 28 6.86 (4.60) 7 0.11

Inferior 5.81 (4.15) 16 4.33 (2.07) 6 0.31

ECG Confounders

No Confounders 6.94 (4.02) 32 5.50 (3.59) 14 0.341

All values are mean ± SD. 
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Discussion

Although ICDs are effective in preventing SCD, better risk stratification is warranted because many 
ICD recipients will never experience a life-threatening VA. Several potential indices for SCD are 
under evaluation,(10) and recently Strauss et al. proposed the Selvester QRS score as a new potential 
risk factor.(8) Although calculating the QRS score is time consuming, it remains an appealing 
method because ECGs are not expensive and usually obtained in every patient. Besides, software 
for automatic scoring is available. The prognostic use of the Selvester QRS score was studied in 
the Framingham cohort, where a higher QRS score proved to be associated with poor outcome.
(11) Strauss et al. found a relation between the QRS score and inducible monomorphic ventricular 
tachycardia during electrophysiological study (EPS) in patients with CMP (n=162, of which 95 
with ischemic CMP).(8) In their study higher QRS estimated scar size was associated with increased 
arrhythmogenesis. They suggested that the QRS score can be a potential risk marker to identify 
patients at high risk for life threatening VA. 

The value of the Selvester Score in several patient groups has been studied. In patients with 
anterior, posterolateral or inferior myocardial infarction, the correlation coefficient between total 
QRS score and percent infarction of the left ventricle estimated by autopsy was 0.80, 0.72 and 0.74 
respectively.(12-14) The correlation values for delayed enhancement magnetic resonance imaging (DE-
MRI) compared with the Selvester Score were reported to be 0.33-0.74, and are higher for anterior 
infarction compared to inferior infarction.(8;15;16) All these results were based on studies in which 
patients only had a single infarction. Correlation value of QRS score and infarct size estimated by 
autopsy in patients with multiple infarctions is lower r=0.44.(17) Originally the Selvester Scoring 
System was only applicable in patients with normal conduction. However, after taking the specific 
underlying activation sequence in account, modified criteria for use in patients with conduction 
abnormalities were proposed.(8) These modified criteria were tested by Strauss et al, and a QRS 
score correlation for scar size of r=0.74 as compared to DE-MRI was found, with a range from 
r=0.66 to r=0.80.(8)

 After myocardial infarction a healing process starts. During this process structural and 
mechanical changes in the infarcted area will take place, which all may influence the infarction 
size. This means that there is a possibility that the QRS-scores will also change over time 
succeeding infarction, as demonstrated by Bang et al.(18)

In our study, the QRS scores in the primary prevention group are not significantly different from 
QRS scores in the secondary prevention group, even if patients with a LVEF >35% were excluded. 
During short-term follow up, no differences in QRS score are found between the primary and 
secondary group. This implicates that there must be other factors interfering with the risk of VA 
besides the size of the myocardial scar, for example transmurality, localization, and heterogeneity. 
In the study by Strauss et al(8), the Selvester QRS score was related to increased arrhythmogenesis 
during EPS and was therefore stated as a potential risk stratifier. EPS is a possible risk stratifier for 
VA, however, its negative predictive value is poor. A large percentage of patients with a negative 
EPS will experience lifethreatening VA.(19) This could explain the difference between our hypothesis 
and our findings.

Follow Up
During follow up (mean follow up 13 months, range 5-21 months), 15 patients received 
appropriate therapy from their device. Shock therapy was delivered in 5 patients, ATP in 5 patients, 
and both ATP and shock in 5 patients. In the primary prevention group, 6 patients experienced 
appropriate ICD therapy, the QRS score (5.33 (SD 3.98) was not significantly different from primary 
prevention patients without appropriate therapy (7.07 (SD 3.93)) (p=0.31). In the secondary group, 
9 patients received appropriate therapy. No significant difference in QRS score was found (5.89 
(SD 4.40) vs 6.29 (SD 4.65), p=0.83). Of the patients with an LVEF≤35%, 10 patients experienced 
appropriate therapy. Both in primary and secondary prevention group, no significant differences in 
QRS scores were found (p=0.28 and p=0.60).
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Conclusion

We found no significant difference in the QRS score between the primary and secondary 
prevention group with ischemic CMP, therefore a role of the Selvester QRS score as risk marker in 
the risk stratification for predicting ventricular arrhythmia remains unlikely. 

 

The fact that QRS scores do not vary between two groups, even if not taking possible confounders 
in account implies that its prognostic role seems unlikely. 

Limitations
The relative small number of patients in combination with the short duration (12 months) of 
follow-up makes it not entirely possible to judge the real prognostic value of the Selvester QRS 
score. However, by excluding patients with LVEF>35%, an estimation of the prognostic value of 
the Selvester QRS score for predicting VA is possibe. Since both groups are then comparable, and 
following MADIT II criteria for implantation. The number of patients is low in both the primary and 
secondary prevention group, especially during subdivision. The results must therefore be taken 
with care and larger studies must be performed. 
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Chapter 10

Infarct tissue characterization in 
implantable cardioverter defibrillator 
recipients for primary versus secondary 
prevention following myocardial 
infarction: a study with contrast-
enhancement cardiovascular magnetic 
resonance imaging.
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Abstract

Introduction: Knowledge about potential differences in infarct tissue characteristics between 
patients with prior life-threatening ventricular arrhythmia vs. patients receiving prophylactic 
implantable cardioverter-defibrillator (ICD) might help to improve the current risk stratification 
in myocardial infarction (MI) patients who are considered for ICD implantation. In a consecutive 
serie  of ICD recipients for primary and secondary prevention following myocardial infarction (MI), 
we used contrast-enhanced (CE) cardiovascular magnetic resonance (CMR) imaging to evaluate 
differences in infarct tissue characteristics.

Methods: Cine-CMR measurements included left ventricular (LV) end-diastolic and end-systolic 
volumes (EDV, ESV), ejection fraction (LVEF), wall motion score index (WMSI), and mass. CE-
CMR images were analyzed for core, peri, and total infarct size, infarct localization (according to 
coronary artery territory), and transmural extent.

Results: In this study, 95 ICD recipients were included. In the primary prevention group (n=66), 
LVEF was lower (23±9 vs.31±14%; P<0.01), ESV and WMSI were higher (223±75 vs.184±97ml, 
P=0.04, and 1.89±0.52 vs.1.47±0.68; P<0.01), and anterior infarct localization was more frequent 
(P=0.02) than in the secondary prevention group (n=29). There were no differences in infarct 
tissue characteristics between patients treated for primary vs. secondary prevention (p>0.6 for all). 
During 21±9 months of follow-up, 3 (5%) patients in the primary prevention group and 9 (31%) in 
the secondary prevention group experienced appropriate ICD therapy for treatment of ventricular 
arrhythmia (P<0.01).

Conclusion: There was no difference in infarct tissue characteristics between recipients of ICD for 
primary versus secondary prevention, while the secondary prevention group showed a higher 
frequency of applied ICD therapy for ventricular arrhythmia.     

Olimulder MAGM, Kraaier K, Galjee MA, Scholten MF, van Es J, Wagenaar LJ, van der Palen J, von Birgelen C.
Int J Cardiovasc Imaging. 2013;29(1):169-76
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Methods

Patient population
The study was conducted at Medisch Spectrum Twente, Enschede, the Netherlands. A consecutive 
series of patients with prior MI, who received an ICD for primary or secondary prevention following 
current guidelines of the Dutch (NVVC) and European society of Cardiology (ESC) in which the LVEF 
was determined based on echocardiographic findings, was assessed. The referring physicians had 
no access to the CMR report before defining therapeutic management. Prior to ICD implantation, 
these patients were referred for CMR to assess left ventricular (LV) dimension and function, and 
after intravenous injection of gadolinium, characterization of the infarcted tissue. According 
to current guidelines, the patients who received ICD treatment for primary prevention had an 
indication based on a LVEF ≤ 35% (majority of patients) or the presence of spontaneous ventricular 
tachycardia, even with a somewhat more preserved LV function. Patients were only included in the 
study if the MI occurred at least one month prior to CMR (according to the definition of a healed 
MI (ref) and a positive infarct pattern on CE imaging was found. The study was approved by the 
local ethics committee and informed consent was obtained.
 As the secondary prevention group (dissimilar to the primary prevention group) was not 
selected based on a particularly low ejection fraction, the mean LVEF of this group may be 
expected to be higher. To correct for this potential confounder, ICD recipients from both groups 
with a LVEF ≤35% were separately compared. A comparable subgroup analysis in ICD recipients 
with a LVEF >35% was not performed as the limited number of patients did not permit a 
meaningful analysis.

CMR data acquisition
CMR examination was performed on a 1.5-T whole body scanner (Achieva scan, Philips Medical 
System, Best, the Netherlands) using commercially available software. For signal-reception a five-
element cardiac synergy coil was used. Electrocardiogram triggering was performed with a vector-
electrocardiogram set-up. Subjects were examined in the supine position. Cine (morphologic) 
images in the cardiac short-axis, four-chamber, three-chamber, two-chamber long-axis, and LV 
outflow tract views were acquired by using fast field echo cine images. (Slice thickness 8.0 mm, 
repetition time 3.4ms; echo time 1.7ms; flip angle 60°; matrix 256×256). 
 Myocardial scar was assessed on CE multislice short- axis, long-axis and four-chamber views, 
obtained 10 minutes after intravenous bolus injection of 0.2mmol gadolinium/kg body weight 
(Shering AG, Berlin, Germany). A three-dimensional Turbo Field Echo-inversion recovery T1-
weighted sequence was used with the following parameters: repetition time 4.0ms; echo time 
1.3ms; flip angle 15°; inversion time individually optimized to null myocardial signal (usually 
between 180-250ms); matrix 157; and slice thickness 10 mm. 

Introduction

Ventricular arrhythmia (VA) is a major cause of sudden cardiac death (SCD) in patients with 
prior myocardial infarction (MI).(1) Several randomized trials have shown a beneficial effect of 
implantable cardioverter-defibrillator (ICD) therapy among MI patients with prior life-threatening 
VA (secondary prevention).(2-4) In the setting of prophylactic ICD therapy (primary prevention), left 
ventricular ejection fraction (LVEF) below 35% is considered an indication for ICD implantation. 
However, less than 25% of these ICD recipients actually experience a life-threatening VA requiring 
shock therapy during median follow-up of 45.5 months.(5) Current guidelines consider a low 
LVEF post-MI as the most important criterion to determine a patient’s eligibility. Therefore, these 
guidelines appear to be suboptimal.(6) Better risk stratification is warranted to reduce the number 
of unnecessary device implantations, especially in the setting of primary prevention.(7-10) 
 Cardiovascular magnetic resonance (CMR) imaging in combination with the contrast-
enhancement (CE) technique allows the accurate assessment of LV geometry and function as well 
as tissue characteristics. This permits accurate assessment of size, heterogeneity, and transmurality 
of the myocardial scar.(11;12) Infarct tissue characteristics (e.g. localization, heterogeneity) (13-16) are 
considered potential predictors of life-threatening VAs, and could play a role in risk stratification 
before implantable cardioverter-defibrillator (ICD) implantation.(17-19) 
 Previous studies demonstrated a higher occurrence of VA (and thus a higher incidence of 
appropriate ICD therapy) in ICD recipients for secondary prevention compared to patients who 
received an ICD in the setting of primary prevention .(20-24) Insight into potential differences in 
infarct tissue characteristics between ICD recipients for primary vs. secondary prevention may 
potentially help to improve the current practice of risk stratification in MI patients considered for 
ICD implantation, specifically in the primary prevention group.
Therefore, in a consecutive series of ICD recipients for primary and secondary prevention following 
MI, we used CE-CMR to evaluate potential differences in infarct tissue characteristics.



164 165

Figure 1. CE-CMR of a secondary prevention patient with a previous MI. 

A: Short-axis view showing contrast-enhancement inferoseptal, inferior and inferolateral. 
B: long-axis view showing contrast-enhancement inferior.

Follow up and definition of events
Follow-up was performed by our outpatient clinic, including registration of the occurrence of 
events and survival status. Regular device interrogation was scheduled every 3 to 6 months. In case 
of any experienced event, an additional device interrogation was performed. Device therapy was 
classified as appropriate or inappropriate. Appropriate ICD therapy was defined as anti-tachycardia 
pacing and/or appropriate shock in response to ventricular tachycardia or ventricular fibrillation. 
For the purpose of this study, only appropriate device therapies were considered as arrhythmic 
events. Mortality was reported and causes of death were scored as follows: (1) myocardial 
infarction, (2) heart failure, (3) cerebrovascular accident, (4) carcinoma, or (5) other causes of 
death. A major cardiovascular event (MACE) was defined as appropriate ICD therapy and/or death.

Statistical analysis
Continuous variables had a normal distribution and were expressed as mean±standard deviation. 
Categorical data were expressed as frequencies and percentages. To compare the primary and 
secondary prevention groups, Student’s t-test and Mann-Whitney U test were used to compare 
continuous variables, and chi-square test and Fisher exact test were used to compare categorical 
variables. A survival analysis was performed to investigate if  the association between infarct 
tissue characteristics with MACE is different among groups (ICD for primary preventions vs. ICD for 
secondary prevention). A P value <0.05 was considered statistically significant. 

CMR data analysis and definitions
CMR data were analyzed on a workstation using dedicated software (Philips MR workspace, 
Release 2.5.3.0; the Netherlands). Analysis was performed by reviewers blinded to clinical 
information.
 LV geometry and function: Left ventricular end-diastolic and end-systolic volumes (EDV and 
ESV; ml), left ventricular ejection fraction (LVEF; %), and end-diastolic wall mass (EDWM; g) were 
calculated from contiguous short-axis loops by segmentation of endocardial and epicardial borders 
on each frame. Body surface area adjusted EDV (EDVi), ESV (ESVi) and EDWM (EDWMi) were also 
calculated.
 The left ventricular wall regions were further divided into 17 segments according to a 
standardized myocardial segmentation model.(25) Normal wall motion was assigned a score 0, 
hypokinesia 1, severe hypokinesia 2, akinesia 3, and dyskinesia 4. The wall motion score index 
(WMSI) was calculated by dividing the sum of scores in each segment by the total number of 
observed segments. 
 Infarct tissue characteristics. Infarcted myocardium was defined as the zone of 
hyperenhancement on the CE images, in contrast with the dark-gray signal of normal myocardium 
(figure 1). Infarct size was quantified by a semi-automatic thresholding technique with the full 
width at half maximum approach as previously validated.(26) After outlining the myocardial 
segment containing the region with high signal intensity, the maximum signal intensity region was 
determined. Scar was divided into an infarct core zone and a heterogeneous zone (i.e peri-infarct 
zone). Infarct core was then defined as myocardium with a signal intensity ≥50% of the maximal 
signal intensity. The heterogeneous zone was defined as myocardium with a signal intensity 
between ≥35% and <50% of maximal signal intenstiy. Total scar was defined as the sum of infarct 
core plus heterogenous zone. Scar tissue characteristics were further quantified according to 
location by use of a 17 segmental model.(27) Each segment was scored as follows: a scar score of 
0 was defined normal, 1 as 1-25% scar, 2 as 26-50% scar, 3 as 51-75% scar, and 4 as 76-100% scar 
of the segmental area. The transmural extent of myocardial scar was defined as the number of 
segments with a scar score 3 or 4.(28) In addition, a segmental regional scar score was calculated 
in order to relate scar size to the territories of the three major coronary arteries as previously 
described in detail.(29) 
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CMR results
LV geometry and function: In the primary prevention group, LVEF (23±9 vs. 31±14%; P<0.01) was 
significantly lower while ESVi (113±39 vs. 91±49ml; P0.03) and WMSI (1.89±0.52 vs.1.47±0.68; 
P<0.01) were significantly higher than in the secondary prevention group (Table 2).
Infarct characteristics: There were no significant differences between size of the infarct core 
(12±7 vs. 11±9%; P0.62), size of the peri-infarct (10±4 vs.10±5%; P0.70), total infarct size (24±10 
vs.21±12%; P0.62) and transmural extent (3.19±2.41 vs. 2.97±2.76; P0.70) of the infarct (Figure 2). 
According to the regional scar score, left anterior descending scar score (1.55±0.81 vs.1.08±0.84; 
P0.02) was significantly higher in the primary prevention group (Table 2).

Table 2: CMR characteristics in all patients and in the subgroup of patients with LVEF ≤35%.

All patients Patients with LVEF ≤ 35
Primary 

prevention
(n=66)

Secondary 
prevention

(n=29)

p Primary
Prevention

(n=60)

Secondary
Prevention 

(n=20)

p

LV geometry and function
EDV 284±72 259±91 0.16 293±68 288±95 0.81
EDVi 144±38 129±45 0.09 150±34 144±45 0.53
ESV 222±75 184±97 0.04 231±69 225±63 0.54
ESVi 113±39 91±49 0.03 119±35 111±47 0.43
EDWM 145±37 143±34 0.79 148±37 141±32 0.46
EDWMi 37±10 36±9 0.66 75±18 73±17 0.63
LVEF 23±9 31±14 <0.01 22±7 23±7 0.31
WMSI 1.89±0.52 1.47±0.68 <0.01 1.96±0.48 1.76±0.47 0.11

Infarct characteristis
Infarctsize-core % 12±7 11±9 0.62 12±7 13±9 0.58
Infarct size-peri % 10±4 10±5 0.70 10±4 11±5 0.53
Infarct size-total % 24±10 21±12 0.62 23±10 24±13 0.52
Infarct localization

LAD score 1.55±0.81 1.08±0.84 0.02 1.54±0.82 1.25±0.86 0.23
RCA score 1.30±0.86 1.53±0.97 0.28 1.30±0.85 1.62±1.01 0.19
RCX score 1.10±0.89 1.07±0.76 0.92 1.07±0.85 1.14±0.86 0.80

Transmural extent 3.19±2.41 2.97±2.76 0.70 3.11±2.46 3.55±2.91 0.52

Data are presented as mean±standerd deviation or median with range. Categorical data are presented as 
frequencies and percentages. EDV = end diastolic volume, ESV = end systolic volume, EDWM = end diastolic wall 
mass, LVEF = left ventricular ejection fraction, WMSI = wall motion score index, LAD = left anterior descending, 
RCA = right coronary artery, LCX= left circumflex.

Results

Study patients
 In this study, 95 patients (64±10 years old; 79 men) with a median of 141 (1-434) months after MI 
were examined. A total of 66 patients received an ICD for primary prevention and 29 patients for 
secondary prevention. Indication for secondary prevention by ICD implantation was (1) sudden 
cardiac death in 14 patients (48%) or (2) VT episodes in 15 patients (52%). Time between events 
and ICD implantation was on average 2 weeks (median). (25th percentile 1 week, 50th percentile 2 
weeks, 75th percentile weeks). In general, ICD implantation was performed shortly after CE-CMR 
assessment; the average (median) within 1 week, the 75th percentile within 1 week and the 90th 
percentile within 5.4 weeks. Demographics and baseline characteristics did not differ between 
groups except for diuretic usage (80%vs.45%; P<0.01;). Patient demographics are presented in 
Table 1, which also shows a subgroup of patients with LVEF≤35%.

Table 1: Baseline characteristics

All patients Patients with LVEF ≤ 35%

Primary 
prevention 

(n=66)

Secondary 
prevention 

(n=29)

p Primary 
prevention 

(n=60)

Secondary 
prevention 

(n=20)

p

Male sex, n 56 (85) 23 (79) 0.56 52 (87) 16 (80) 0.48

Age, y 65±9 61±11 0.09 66±8 62±9 0.08

Hypertension 24 (36) 11 (38) 1.00 22 (37) 8 (40) 1.00

Diabetes 18 (27) 5 (17) 0.43 17 (28) 3 (15) 0.25

Medication

B-blocker 59 (89) 23 (79) 0.21 53 (88) 16 (80) 0.45

Ace inhibitor 50 (76) 20 (69) 0.62 43 (72) 16 (80) 0.57

Diuretic 53 (80) 13 (45) <0.01 48 (80) 12 (60) 0.13

Statin 58 (88) 28 (97) 0.27 54 (90) 20 (100) 0.33

Infarct

Single 56 (84) 24 (83) 0.87 51 (85) 17 (85) 0.67

Multiple 5 (8) 2 (7) 5 (8) 2 (10)

Unknown 5 (8) 3 (10) 4 (7) 1 (5)

Infarct localization 0.08 0.15

anterior 33 (50) 10 (35) 28 (47) 6 (30)

nonanterior 18 (27) 14 (48) 17 (28) 9 (45)

both 15 (23) 5 (17) 15 (25) 5 (25)

Infarct age, months 133 (1-434) 166 (1-426) 0.24 155 (1-434) 209 (13-426) 0.07

Continuous data are expressed as mean±standard deviation or median with range; and categorical data as 
frequencies and percentage.
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Table 3: CMR characteristics in all patients stratified according to infarct localization.

Anterior infarction Nonanterior infarction
Primary

prevention
(n=33)

Secondary
prevention

(n=10)

p Primary
Prevention

(n=18)

Secondary
Prevention

(n=14)

p

LV geometry and function 
EDV 282±79 275±106 0.83 286±67 250±90 0.20
EDVi 144±40 135±50 0.56 149±35 126±48 0.17
ESV 218±81 192±119 0.43 225±75 180±99 0.15
ESVi 111±41 95±58 0.31 117±40 90±53 0.15
EDWM 137±42 140±34 0.83 158±29 145±32 0.24
EDWMi 71±21 69±15 0.81 82±14 75±19 0.26
LVEF 25±9 32±17 0.22 22±9 31±14 0.04
WMSI 1.73±0.52 1.51±0.89 0.32 2.04±0.56 1.36±0.62 <0.01

Infarct characteristics
Infarct size-core% 12±6 11±9 0.47 11±6 10±7 0.62
Infarct size-peri% 11±4 11±6 0.77 9±3 9±5 0.80
Infarct size-total% 23±9 22±14 0.71 21±9 19±11 0.65
Transmural extent 3.29±2.22 2.80±2.90 0.58 3.60±0.47 2.79±2.69 0.40

Data are presented as mean±standerd deviation or median with range. Categorical data are presented as 
frequencies and percentages. EDV = end diastolic volume, ESV = end systolic volume, EDWM = end diastolic wall 
mass, LVEF = left ventricular ejection fraction, WMSI = wall motion score index, LAD = left anterior descending, RCA 
= right coronary artery, LCX= left circumflex.

Follow-up
During 21±9 months of follow–up, 4 patients in the primary prevention group and 4 patients in the 
secondary prevention group died, respectively. All 8 patients died on heart failure. The frequency 
of appropriate ICD therapy differed significantly between the primary and secondary prevention 
group (3/66 (5%) vs. 9/29 (31%); p<0.01). In the primary prevention group, only appropriate 
shock therapy (2 on VF, 1 on VT) was delivered, while in the secondary prevention group both 
appropriate shock therapy (n=3; all on VT) and antitachycardia pacing (n=6) were delivered. All but 
2 patients with appropriate ICD therapy (both secondary prevention) had a LVEF ≤35%. 
 Patients with appropriate ICD therapy did not differ from patients without event in per-infarct 
size (8.83 ± 3.20% versus 10.51 ± 4.39%; p=0.20), but core infarct size was smaller in patients with 
events (8.00 ± 4.93%, versus 12.58 ± 7.37%; p=0.040).
 The association between infarct tissue characteristics with MACE did not significantly differ 
among groups (ICD for primary prevention vs. ICD for secondary prevention) (p=0.25–0.91)

Figure 2: LVEF and infarct tissue characteristics (mean±SD) in primary and secondary prevention patients.
While in primary vs. secondary prevention patients LVEF differed significantly, there were no significant differences 
in infarct tissue characteristics.

CMR results in subgroup of patients with LVEF ≤35%
In order to correct for the difference in LVEF between the primary and secondary prevention group 
(Table 2), patients with an LVEF ≤35% were included in a subanalysis.There was no difference 
in demographics and baseline characteristics of the remaining 60 and 20 patients, respectively. 
According to LV geometry and function as well as CE-CMR assessed infarct tissue characterization, 
no significant differences were observed between primary and secondary prevention patients with 
an LVEF ≤35% (Table 2).

CMR results according to infarct localization
As infarct localization differed between the primary and secondary prevention group (Tables 1 and 
2), patients were stratified according to infarct localization. Between the 33 and 10 patients with 
anterior wall MI, respectively, there was no significant difference in LV dimensions, LV function, 
or infarct tissue characteristics (Table 3). Among patients with non-anterior infarct localization, 
the primary prevention group (n=18) showed a lower LVEF (22±9 vs. 31±14%; P0.04) and a higher 
WMSI (2.10±0.52vs.1.47±0.50; P<0.01) than the secondary prevention group (n=14); but there was 
no significant difference in infarct tissue characteristics (Table 3).
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experience and involve a certain degree of interpretation. The subjectivity involved can only be 
minimized by an optimized training of experienced analysts. Finally, signal intensity analysis with 
current CE-CMR techniques do not incorporate areas of microvascular obstruction, which are hypo-
enhanced in CE-CMR,(46) which may lead to underestimation of infarct size. As only one patient of 
the present patient population showed microvascular obstruction, the microvascular incorporated 
to obstruction area was not the infarct core.
 While CMR is the gold standard for the assessment of LV function, myocardial viability, 
extent and transmurality of scar, our findings suggest that infarct tissue analysis with the CE-CMR 
technique that is currently applied in clinical practice does not appear to have the potential to 
improve the current practice of risk stratification in MI patients considered for ICD implantation. 

Limitations
Our study comprises a limited number of patients; nevertheless, this represents a consecutive 
series of patients examined with CE-CMR for that indication. While the secondary outcome of 
defibrillator shocks was prospectively collected and analyzed, the primary comparison of CE-CMR 
image characteristics was based on a cross-sectional approach. In the light of the duration of 
clinical follow-up of 21±9 months, event rates in subgroups should be interpreted carefully. In 
addition, primary aim of the present study was the assessment of potential differences in infarct 
tissue characteristics between ICD recipients for primary vs. secondary prevention. 

Discussion

The implantation of ICD in MI patients provides protection from SCD following VA. When current 
guidelines are followed, less than 1 out of 4 primary prevention ICD recipients experiences actual 
life-threatening VA requiring shock therapy during a follow-up period of almost 4 years.(30) This 
shows that there may be some room for improvement in the selection of ICD candidates in the 
setting of primary prevention. 
 The infarct core and heterogeneous zone, as well as presence of transmural infarction may 
serve as an anatomic pathway for reentry, and consequently, the occurrence of VA.(31-36) In this 
respect, it has recently been demonstrated that a larger size of infarct heterogeneity is related 
to increased ventricular irritability by programmed electrical stimulation as well as spontaneous 
VA.(37;38) 
 While there was a difference in frequency of applied ICD therapy between primary and 
secondary prevention patients in our study, there was no difference in the size of the infarct 
tissue characteristics between these two subpopulations of patients. These findings may question 
the importance of the size of infarct tissue characteristics as a predictor of life-threatening 
VA.(39) However, size of infarct tissue characteristics is not really all that matters, as it has been 
demonstrated that a substantial portion of tachycardia originates from reentry occurring in a very 
small circuit extending just over a few millimeters.(40) Other factors than anatomic substrate may 
interfere with the risk of VA in the setting of MI; an example may be genetic factors. In this respect, 
recently, a genome-wide association study identified in patients with a first MI a gene locus prone 
for ventricular fibrillation.(41) 

 In the primary prevention group, we found a substantially larger amount of MI tissue in the 
anterior wall of the LV during CMR assessment. Several clinical studies observed that patients 
with anterior MI usually have a worse LVEF.(42) The larger amount of anterior MI in the primary 
prevention group may thus actually be expected, as LVEF below 35% is used as a major risk 
stratifier for primary prevention with ICD, according to current guidelines. In addition, in our 
primary prevention group (P<0.01) there was a higher use of diuretics for symptomatic treatment 
of heart failure. On the other hand, secondary prevention patients – patients who already had 
a life-threatening VA in the past – showed more appropriate ICD therapies during follow-up, as 
may be expected based on the difference in indication. Thus, there must be other factors than the 
studied CMR characteristics involved to make the myocardium prone to the development of life-
threatening VA. 
 With current clinically applied CE-CMR technology, spatial resolution imposes constraints on 
what type of tissue is concealed within the peri-infarct zone, characterized by intermediate signal 
intensities.(43) High-resolution CE-CMR imaging with 1000-fold higher resolution than clinical 
scans may bear the potential to obtain further insights in an experimental setting.(44) There is a 
lack of well-defined gold standard formula for the assessment of infarcted myocardium. Partial 
volume effects and blurred images by cardiac motion during image acquisition may lead to a 
relative increase of signal intensity in pixels of the border zone of infarcted compared to remote 
myocardium, which may lead to an overestimation of the total scar score. Initial visual assessment, 
manual tracing of endo and epicardial contours, visual identification of the region of interest 
with maximum signal intensity, and visual check for erroneous inclusion of other regions with 
high signal intensity (e.g. in/folding or motion artefacts, fat, or pericardial effusion(45) require 



172 173

References

(1)  Zipes DP, Camm AJ, Borggrefe M et al. ACC/AHA/ESC 2006 Guidelines for Management of Patients With 
Ventricular Arrhythmias and the Prevention of Sudden Cardiac Death: a report of the American College of 
Cardiology/American Heart Association Task Force and the European Society of Cardiology Committee for 
Practice Guidelines (writing committee to develop Guidelines for Management of Patients With Ventricular 
Arrhythmias and the Prevention of Sudden Cardiac Death): developed in collaboration with the European 
Heart Rhythm Association and the Heart Rhythm Society. Circulation 2006;114(10):e385-e484.

(2)  A comparison of antiarrhythmic-drug therapy with implantable defibrillators in patients resuscitated 
from near-fatal ventricular arrhythmias. The Antiarrhythmics versus Implantable Defibrillators (AVID) 
Investigators. N Engl J Med 1997;337(22):1576-83.

(3)  Bardy GH, Lee KL, Mark DB et al. Amiodarone or an implantable cardioverter-defibrillator for congestive 
heart failure. N Engl J Med 2005;352(3):225-37.

(4)  Kuck KH, Cappato R, Siebels J et al. Randomized comparison of antiarrhythmic drug therapy with 
implantable defibrillators in patients resuscitated from cardiac arrest : the Cardiac Arrest Study Hamburg 
(CASH). Circulation 2000;102(7):748-54.

(5)  Strauss DG, Selvester RH, Lima JA et al. ECG quantification of myocardial scar in cardiomyopathy patients 
with or without conduction defects: correlation with cardiac magnetic resonance and arrhythmogenesis. 
Circ Arrhythm Electrophysiol 2008;1(5):327-36.

(6)  Zipes DP, Camm AJ, Borggrefe M et al. ACC/AHA/ESC 2006 Guidelines for Management of Patients With 
Ventricular Arrhythmias and the Prevention of Sudden Cardiac Death: a report of the American College of 
Cardiology/American Heart Association Task Force and the European Society of Cardiology Committee for 
Practice Guidelines (writing committee to develop Guidelines for Management of Patients With Ventricular 
Arrhythmias and the Prevention of Sudden Cardiac Death): developed in collaboration with the European 
Heart Rhythm Association and the Heart Rhythm Society. Circulation 2006;114(10):e385-e484.

(7)  Bardy GH, Lee KL, Mark DB et al. Amiodarone or an implantable cardioverter-defibrillator for congestive 
heart failure. N Engl J Med 2005;352(3):225-37.

(8)  Strauss DG, Selvester RH, Lima JA et al. ECG quantification of myocardial scar in cardiomyopathy patients 
with or without conduction defects: correlation with cardiac magnetic resonance and arrhythmogenesis. 
Circ Arrhythm Electrophysiol 2008;1(5):327-36.

(9)  Kraaier K, Verhorst PM, VAN Dessel PF et al. Towards a better risk stratification for sudden cardiac death in 
patients with structural heart disease. Neth Heart J 2009;17(3):101-6.

(10)  Kraaier K, van Dessel PF, van der Palen J et al. ECG Quantification of Myocardial Scar Does Not Differ 
between Primary and Secondary Prevention ICD Recipients with Ischemic Heart Disease. Pacing Clin 
Electrophysiol 2010;33(2):192-7.

(11)  Roes SD, Borleffs CJ, van der Geest RJ et al. Infarct tissue heterogeneity assessed with contrast-enhanced 
MRI predicts spontaneous ventricular arrhythmia in patients with ischemic cardiomyopathy and implantable 
cardioverter-defibrillator. Circ Cardiovasc Imaging 2009;2(3):183-90.

(12)  Schmidt A, Azevedo CF, Cheng A et al. Infarct tissue heterogeneity by magnetic resonance imaging identifies 
enhanced cardiac arrhythmia susceptibility in patients with left ventricular dysfunction. Circulation 
2007;115(15):2006-14.

(13)  Bolick DR, Hackel DB, Reimer KA et al. Quantitative analysis of myocardial infarct structure in patients with 
ventricular tachycardia. Circulation 1986;74(6):1266-79.

(14)  Cardinal R, Vermeulen M, Shenasa M et al. Anisotropic conduction and functional dissociation of ischemic 

Conclusion

There was no difference in infarct tissue characteristics between recipients of ICD for primary 
versus secondary prevention, while the secondary prevention group showed a higher frequency of 
applied ICD therapy for ventricular arrhythmia.



174 175

Imaging Committee of the Council on Clinical Cardiology of the American Heart Association. Circulation 
2002;105(4):539-42.

(30)  Strauss DG, Selvester RH, Lima JA et al. ECG quantification of myocardial scar in cardiomyopathy patients 
with or without conduction defects: correlation with cardiac magnetic resonance and arrhythmogenesis. 
Circ Arrhythm Electrophysiol 2008;1(5):327-36.

(31)  Bolick DR, Hackel DB, Reimer KA et al. Quantitative analysis of myocardial infarct structure in patients with 
ventricular tachycardia. Circulation 1986;74(6):1266-79.

(32)  Cardinal R, Vermeulen M, Shenasa M et al. Anisotropic conduction and functional dissociation of ischemic 
tissue during reentrant ventricular tachycardia in canine myocardial infarction. Circulation 1988;77(5):1162-
76.

(33)  Karagueuzian HS, Fenoglio JJ, Jr., Weiss MB et al. Protracted ventricular tachcardia induced by premature 
stimulation of the canine heart after coronary artery occlusion and reperfusion. Circ Res 1979;44(6):833-46.

(34)  Saeed M, Bremerich J, Wendland MF et al. Reperfused myocardial infarction as seen with use of necrosis-
specific versus standard extracellular MR contrast media in rats. Radiology 1999;213(1):247-57.

(35)  Tarantini G, Razzolini R, Cacciavillani L et al. Influence of transmurality, infarct size, and severe microvascular 
obstruction on left ventricular remodeling and function after primary coronary angioplasty. Am J Cardiol 
2006;98(8):1033-40.

(36)  Yokota H, Heidary S, Katikireddy CK et al. Quantitative characterization of myocardial infarction by 
cardiovascular magnetic resonance predicts future cardiovascular events in patients with ischemic 
cardiomyopathy. J Cardiovasc Magn Reson 2008;10(1):17.

(37)  Roes SD, Borleffs CJ, van der Geest RJ et al. Infarct tissue heterogeneity assessed with contrast-enhanced 
MRI predicts spontaneous ventricular arrhythmia in patients with ischemic cardiomyopathy and implantable 
cardioverter-defibrillator. Circ Cardiovasc Imaging 2009;2(3):183-90.

(38)  Schmidt A, Azevedo CF, Cheng A et al. Infarct tissue heterogeneity by magnetic resonance imaging identifies 
enhanced cardiac arrhythmia susceptibility in patients with left ventricular dysfunction. Circulation 
2007;115(15):2006-14.

(39)  Bello D, Fieno DS, Kim RJ et al. Infarct morphology identifies patients with substrate for sustained ventricular 
tachycardia. J Am Coll Cardiol 2005;45(7):1104-8.

(40)  de Bakker JM, van Capelle FJ, Janse MJ et al. Reentry as a cause of ventricular tachycardia in patients with 
chronic ischemic heart disease: electrophysiologic and anatomic correlation. Circulation 1988;77(3):589-606.

(41)  Bezzina CR, Pazoki R, Bardai A et al. Genome-wide association study identifies a susceptibility locus at 21q21 
for ventricular fibrillation in acute myocardial infarction. Nat Genet 2010 August;42(8):688-91.

(42)  Wu Y, Chan CW, Nicholls JM et al. MR study of the effect of infarct size and location on left ventricular 
functional and microstructural alterations in porcine models. J Magn Reson Imaging 2009;29(2):305-12.

(43)  Zeppenfeld K, van der Geest RJ. The infarct characteristics on magnetic resonance imaging and ventricular 
tachycardia: do we see what we need to see? Europace 2011;13(6):770-2.

(44)  Schelbert EB, Hsu LY, Anderson SA et al. Late gadolinium-enhancement cardiac magnetic resonance 
identifies postinfarction myocardial fibrosis and the border zone at the near cellular level in ex vivo rat 
heart. Circ Cardiovasc Imaging 2010;3(6):743-52.

(45)  Bondarenko O, Beek AM, Hofman MB et al. Standardizing the definition of hyperenhancement in the 
quantitative assessment of infarct size and myocardial viability using delayed contrast-enhanced CMR. J 
Cardiovasc Magn Reson 2005;7(2):481-5.

tissue during reentrant ventricular tachycardia in canine myocardial infarction. Circulation 1988;77(5):1162-
76.

(15)  Karagueuzian HS, Fenoglio JJ, Jr., Weiss MB et al. Protracted ventricular tachcardia induced by premature 
stimulation of the canine heart after coronary artery occlusion and reperfusion. Circ Res 1979;44(6):833-46.

(16)  Saeed M, Bremerich J, Wendland MF et al. Reperfused myocardial infarction as seen with use of necrosis-
specific versus standard extracellular MR contrast media in rats. Radiology 1999;213(1):247-57.

(17)  Pascale P, Schlaepfer J, Oddo M et al. Ventricular arrhythmia in coronary artery disease: limits of a risk 
stratification strategy based on the ejection fraction alone and impact of infarct localization. Europace 
2009;11(12):1639-46.

(18)  Roes SD, Borleffs CJ, van der Geest RJ et al. Infarct tissue heterogeneity assessed with contrast-enhanced 
MRI predicts spontaneous ventricular arrhythmia in patients with ischemic cardiomyopathy and implantable 
cardioverter-defibrillator. Circ Cardiovasc Imaging 2009;2(3):183-90.

(19)  Schmidt A, Azevedo CF, Cheng A et al. Infarct tissue heterogeneity by magnetic resonance imaging identifies 
enhanced cardiac arrhythmia susceptibility in patients with left ventricular dysfunction. Circulation 
2007;115(15):2006-14.

(20)  Raitt MH, Klein RC, Wyse DG et al. Comparison of arrhythmia recurrence in patients presenting with 
ventricular fibrillation versus ventricular tachycardia in the Antiarrhythmics Versus Implantable Defibrillators 
(AVID) trial. Am J Cardiol 2003;91(7):812-6.

(21)  A comparison of antiarrhythmic-drug therapy with implantable defibrillators in patients resuscitated 
from near-fatal ventricular arrhythmias. The Antiarrhythmics versus Implantable Defibrillators (AVID) 
Investigators. N Engl J Med 1997;337(22):1576-83.

(22)  Moss AJ, Zareba W, Hall WJ et al. Prophylactic implantation of a defibrillator in patients with myocardial 
infarction and reduced ejection fraction. N Engl J Med 2002 March 21;346(12):877-83.

(23)  Moss AJ, Greenberg H, Case RB et al. Long-term clinical course of patients after termination of ventricular 
tachyarrhythmia by an implanted defibrillator. Circulation 2004;110(25):3760-5.

(24)  van Welsenes GH, van Rees JB, Borleffs CJ et al. Long-term follow-up of primary and secondary prevention 
implantable cardioverter defibrillator patients. Europace 2011;13(3):389-94.

(25)  Cerqueira MD, Weissman NJ, Dilsizian V et al. Standardized myocardial segmentation and nomenclature 
for tomographic imaging of the heart: a statement for healthcare professionals from the Cardiac 
Imaging Committee of the Council on Clinical Cardiology of the American Heart Association. Circulation 
2002;105(4):539-42.

(26)  Amado LC, Gerber BL, Gupta SN et al. Accurate and objective infarct sizing by contrast-enhanced magnetic 
resonance imaging in a canine myocardial infarction model. J Am Coll Cardiol 2004;44(12):2383-9.

(27)  Cerqueira MD, Weissman NJ, Dilsizian V et al. Standardized myocardial segmentation and nomenclature 
for tomographic imaging of the heart: a statement for healthcare professionals from the Cardiac 
Imaging Committee of the Council on Clinical Cardiology of the American Heart Association. Circulation 
2002;105(4):539-42.

(28)  Roes SD, Kelle S, Kaandorp TA et al. Comparison of myocardial infarct size assessed with contrast-enhanced 
magnetic resonance imaging and left ventricular function and volumes to predict mortality in patients with 
healed myocardial infarction. Am J Cardiol 2007;100(6):930-6.

(29)  Cerqueira MD, Weissman NJ, Dilsizian V et al. Standardized myocardial segmentation and nomenclature 
for tomographic imaging of the heart: a statement for healthcare professionals from the Cardiac 



176 177

(46)  Wong DT, Leung MC, Richardson JD et al. Cardiac magnetic resonance derived late microvascular 
obstruction assessment post ST-segment elevation myocardial infarction is the best predictor of left 
ventricular function: a comparison of angiographic and cardiac magnetic resonance derived measurements. 
Int J Cardiovasc Imaging 2012;28(8):1971-81.



178 179

Chapter 11

Summary, conclusion and future 
perspectives.



180 181

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. 



186 187

Chapter 12

Nederlandse samenvatting, conclusie en 
toekomstperspectieven.



188 189

Klinische variabelen

Het eerste deel van deze proefschrift richt zich op klinische variabelen. Verschillende klinische 
variabelen zijn geassocieerd met ventriculaire ritmestoornissen en plotse hartdood. Indien deze 
klinische variabelen gecombineerd worden in risicoscores zouden deze een rol kunnen spelen in 
de dagelijkse praktijk. 
 De huidige richtlijnen(1) adviseren ICD implantatie als profylaxe in patienten met een lage 
ejectiefracite en een levensverwachting van tenminste 1 jaar. Ondanks deze aanbeveling overleed 
bijna 5% van de patiënten die in het Academisch Medisch Centrum (AMC, Amsterdam) of Medisch 
Spectrum Twente een ICD kregen voor primaire preventie het eerste jaar na implantatie. In 
hoofdstuk 2 wordt de ontwikkeling van een risicomodel voor de voorspelling van 1-jaars mortaliteit 
beschreven. Voorspellers van 1-jaars mortaliteit zijn hogere leeftijd, een lagere linker ventrikel 
ejectie fractie (LVEF), eerder bestaan van atriumfibrilleren en verminderde nierfunctie. Indien 
deze risicofactoren gecombineerd werden in een risicomodel, was het mogelijk om een kleine 
hoog risico groep met een 1-jaars mortaliteit van 40% te identificeren. In een validatiecohort wat 
bestond uit vergelijkbare patiënten uit het Erasmus Medisch Center (EMC, Rotterdam, Nederland), 
werden vergelijkbare resultaten gezien. In de dagelijkse praktijk moeten we ons afvragen of ICD 
implantatie in deze patiënten gewenst is. 
 De afgelopen jaren zijn er meerdere lange termijn mortaliteitscores ontwikkeld. Al deze scores 
zijn gebaseerd op eenvoudig verkrijgbare klinische variabelen.(8-11) In hoofdstuk 3, zijn de bestaande 
lange termijn mortaliteitscores geëvalueerd in patiënten uit het AMC en MST met profylactische 
ICDs. Met behulp van de mortaliteitscores was het mogelijk om patiënten te identificeren met een 
lage, gemiddelde of (zeer) hoge kans op 5-jaars mortaliteit. Terechte therapie van de ICD kwam 
vaker voor in hoog-risicopatiënten. Ondanks hun hoge kans op overlijden is er in deze groep dus 
enige overlevingswinst dankzij de ICD. 
 Zowel de vroege als late mortaliteitsscores kunnen ons helpen bij de vraag of een patiënt wel 
of niet een ICD moet krijgen. De beslissing blijft echter moeilijk en moet per individu beoordeeld 
worden. 
 In hoofdstuk 4 is de invloed van atriumfibrilleren in ICD patiënten beschreven. AF is de meest 
voorkomende supraventriculaire ritmestoornis in patiënten met een ICD. Ongeveer eenderde van 
de patiënten is bekend met een vorm van atriumfibrilleren. Het hebben van atriumfibrilleren is 
geassocieerd met een hogere kans op overlijden en ICD therapie. De ontvangen ICD therapie is 
zowel terecht als onterecht. Een mogelijke verklaring voor de hogere mortaliteit en terechte shock 
therapie is het idee dat atriumfibrilleren een uiting van meer gevorderde hartziekte is. Het aantal 
onterechte shocks komt met name door snel voortgeleid atriumfibrilleren. Het is belangrijk om 
onterechte ICD therapie te voorkomen, aangezien dit kan lijden tot verlaging van de kwaliteit 
van leven en een verhoogd mortaliteitsrisico. Optimale medicamenteuze therapie en optimale 
programmering van de ICD is hierbij belangrijk. 

Dit proefschrift is onderdeel van de zoektocht naar een betere risicostratificatie voor patiënten 
die kandidaat zijn voor implantatie van implanteerbare defibrillatoren (ICD). Voor preventie 
van plotse hartdood is ICD implantatie de therapie van keuze. Zowel voor patiënten die eerder 
levensbedreigende ventriculaire ritmestoornissen hebben gehad (secundaire preventie) als voor 
mensen die een verhoogde kans lopen op levensbedreigende ventriculaire ritmestoornissen 
(primaire of profylactische preventie).(1) 

 Ondanks de bewezen effectiviteit van de ICD in het voorkomen van plotse hartdood in 
patiënten met een verhoogd risico(2-7) is er duidelijk een behoefte aan betere selectie. Van de 
patiënten met een ICD voor primaire preventie krijgt een minderheid een terechte ICD therapie 
tijdens de eerste 5 jaar na implantatie. Om het aantal onnodig geïmplanteerde ICDs te reduceren is 
het van belang om de mensen die wel of geen baat hebben van hun ICD te herkennen. 
Het onderwerp van dit proefschrift is het bestuderen van bestaande risicofactoren voor plotse 
hartdood en het evalueren van de rol van deze risicofactoren in de dagelijkse praktijk. 



190 191

Litteken weefsel

Het derde deel van dit proefschrift gaat over littekenweefsel. Litteken weefsel en fibrotische 
afwijkingen in het myocard zijn een anatomisch substraat voor ventriculaire aritmie. Litteken 
weefsel kan de basis zijn voor een re-entry circuit leidend tot kamerritmestoornissen 
en uiteindelijk plotse hartdood. In hoofdstuk 9 hebben we gebruik gemaakt van het 
elektrocardiogram en de Selvester QRS score om de grootte van het litteken te bepalen. De 
Selvester QRS score is gebaseerd op afwijkingen op het ECG die ontstaan zijn door infarcering van 
myocard. De hypothese was dat ventriculaire aritmie geassocieerd is met grotere infarct grootte 
en een hogere Selvester QRS scores en dat daarom patiënten die reeds eerder een ventriculaire 
aritmie hebben overleefd een hogere Selvester QRS score zouden hebben. Dit verschil werd echter 
niet gevonden. Een mogelijke verklaring zou selectie bias kunnen zijn. Vervolgens is de relatie 
tussen infarct grootte en het optreden van terechte ICD therapie bestudeerd. Met een korte follow-
up periode van 6 maanden werd geen significante relatie gevonden. 
 In hoofdstuk 10 is CMR gebruikt om de infarct grootte te evalueren. Dezelfde hypothese als in 
voorgaand hoofdstuk werd getest, echter werd in deze studie ook geen verschil in infarct grootte 
gezien tussen de primaire en secundaire preventieve patiënten. Tevens werd er geen significante 
relatie tussen infarct grootte en terechte ICD therapie gevonden. 

Microvolt T-Wave Alternans

Het tweede deel van dit proefschrift gaat over Microvolt T-Wave Alternans (MTWA). MTWA is 
een frequentie afhankelijke meting van subtiele veranderingen in de amplitude van de T-top. 
De hypothese is dat MTWA een uiting is van temporele heterogeniteit van de ventriculaire 
repolarisatie. Dit kan leiden tot de vorming van re-entry circuits waaruit een ventriculaire 
tachycardie kan ontstaan.(12) In hoofdstuk 5, hebben we geprobeerd een anatomisch substraat 
(littekenweefsel of fibrose) te relateren aan het optreden van MTWA. Om het littekenweefsel of 
de fibrose in beeld te brengen werd gebruikt gemaakt van de cardiale MRI (CMR). We vonden 
geen relatie tussen een positieve of negatieve MTWA test en de verschillen in aanwezigheid en 
uitgebreidheid van littekenweefsel op de CMR. Een positieve MTWA test was wel gerelateerd aan 
markers van hartfalen zoals een vergroot eind diastolisch volume. 
 Ondanks tegengestelde resultaten omtrent de voorspellende waarde van de MTWA test wordt 
in de richtlijnen MTWA genoemd om risico stratificatie te verbeteren. In hoofdstuk 6 beschrijven 
we de bruikbaarheid van de MTWA test in kandidaten voor profylactische ICD implantatie. 
In patiënten met een onregelmatig hartritme (bijvoorbeeld als gevolg van atriumfibrilleren), 
pacemakerafhankelijkheid en het onvermogen om in te spannen is een MTWA test niet mogelijk. 
Bij retrospectieve analyse van de medische gegevens van patiënten met een profylactische ICD 
bleek in 35% van de patiënten een MTWA test niet mogelijk. Derhalve moeten alternatieve 
manieren om MTWA te meten (via protocollen met pacemaker of medicatie) en hun klinische 
waarde worden beoordeeld. In hoofdstuk 7 is de op inspanning gebaseerde MTWA test vergeleken 
met de gepacede MTWA test. Met behulp van een pacemaker protocol was het aantal mensen wat 
getest kon worden groter. Er waren echter grote verschillen tussen de uitslagen van de testen die 
door inspanning waren verkregen en de testen met een pacemakerprotocol. In hoofdstuk 8, is de 
voorspellende waarde van de inspannings MTWA beschreven. In een kleine groep van patiënten 
konden we geen relatie vinden tussen een abnormale MTWA test uitslag en het optreden van 
mortaliteit en/of terechte ICD therapie. Ook in deze prospectieve studie kon een groot percentage 
van de patiënten (24%) niet getest worden, met name door het optreden van atriumfibrilleren. 
Deze patiënten hadden het grootste risico op mortaliteit en ICD therapie, meest waarschijnlijk door 
hartziekte in een verder gevorderd stadium. 



192 193

Referenties
 

(1)  Zipes DP, Camm AJ, Borggrefe M et al. ACC/AHA/ESC 2006 Guidelines for Management of Patients With 
Ventricular Arrhythmias and the Prevention of Sudden Cardiac Death: a report of the American College of 
Cardiology/American Heart Association Task Force and the European Society of Cardiology Committee for 
Practice Guidelines (writing committee to develop Guidelines for Management of Patients With Ventricular 
Arrhythmias and the Prevention of Sudden Cardiac Death): developed in collaboration with the European 
Heart Rhythm Association and the Heart Rhythm Society. Circulation 2006;114(10):e385-e484.

(2)  Moss AJ, Hall WJ, Cannom DS et al. Improved survival with an implanted defibrillator in patients with 
coronary disease at high risk for ventricular arrhythmia. Multicenter Automatic Defibrillator Implantation 
Trial Investigators. N Engl J Med 1996;335(26):1933-40.

(3)  A comparison of antiarrhythmic-drug therapy with implantable defibrillators in patients resuscitated 
from near-fatal ventricular arrhythmias. The Antiarrhythmics versus Implantable Defibrillators (AVID) 
Investigators. N Engl J Med 1997;337(22):1576-83.

(4)  Bardy GH, Lee KL, Mark DB et al. Amiodarone or an implantable cardioverter-defibrillator for congestive 
heart failure. N Engl J Med 2005;20;352(3):225-37.

(5)  Buxton AE, Lee KL, Fisher JD et al. A randomized study of the prevention of sudden death in patients 
with coronary artery disease. Multicenter Unsustained Tachycardia Trial Investigators. N Engl J Med 
1999;341(25):1882-90.

(6)  Connolly SJ, Gent M, Roberts RS et al. Canadian implantable defibrillator study (CIDS) : a randomized trial of 
the implantable cardioverter defibrillator against amiodarone. Circulation 2000;101(11):1297-302.

(7)  Moss AJ, Zareba W, Hall WJ et al. Prophylactic implantation of a defibrillator in patients with myocardial 
infarction and reduced ejection fraction. N Engl J Med 2002;346(12):877-83.

(8)  Goldenberg I, Vyas AK, Hall WJ et al. Risk stratification for primary implantation of a cardioverter-
defibrillator in patients with ischemic left ventricular dysfunction. J Am Coll Cardiol 2008;51(3):288-96.

(9)  Cygankiewicz I, Gillespie J, Zareba W et al. Predictors of long-term mortality in Multicenter Automatic 
Defibrillator Implantation Trial II (MADIT II) patients with implantable cardioverter-defibrillators. Heart 
Rhythm 2009;6(4):468-73.

(10)  Borleffs CJ, van Welsenes GH, van Bommel RJ et al. Mortality risk score in primary prevention implantable 
cardioverter defibrillator recipients with non-ischaemic or ischaemic heart disease. Eur Heart J 
2010;31(6):712-8.

(11)  Bilchick KC, Stukenborg GJ, Kamath S et al. Prediction of Mortality in Clinical Practice for Medicare Patients 
Undergoing Defibrillator Implantation for Primary Prevention of Sudden Cardiac Death. J Am Coll Cardiol 
2012;60(17):1647-55

(12)  Narayan SM. T-Wave alternans and the susceptibility to ventricular arrhythmias. J Am Coll Cardiol 
2006;47(2):269-81.

Conclusie en toekomstbeelden 

In dit proefschrift zijn meerdere risicomodellen en risicofactoren bestudeerd. Helaas is de ideale 
strategie om het risico op plotse hartdood of kamerritmestoornissen te bepalen niet gevonden.
De zoektocht gaat echter door. Kijkend in het register van lopende klinische studies (ClinicalTrials.
gov) zijn er vele studies die betere risicostratificatie in ICD patiënten of het voorspellen van 
plotse hartdood bestuderen. De risicofactoren die bestudeerd worden zijn zeer uiteenlopend 
van aard: klinische variabelen, genetische variabelen, metingen op de verschillende 
beeldvormingstechnieken, biochemische factoren, afwijkingen op het electrocardiogram en 
psychologische factoren. De vraag is echter of er een ideale test is.
 De ideale test is 100% sensitief en 100% specifiek, tevens moet het relatief goedkoop 
zijn, makkelijk verkrijgbaar, toepasbaar in iedere patiënt en makkelijk te interpreteren. Het 
is onwaarschijnlijk dat een test met deze eigenschappen wordt gevonden. De pathogenese 
van kamerritmestoornissen is te complex en multifactorieel. Uiteindelijk zal een combinatie 
van verschillende risicofactoren, maar ook de wens van de patiënt, ons begeleiden in de 
besluitvorming over ICD implantatie. 



194 195



196 197

Mijn vrienden en familie. Zonder iemand te kort te doen: allemaal bedankt. Speciale dank nog voor 
mijn paranimfen: Kees-Jan en Anne-Fleur. Bedankt voor jullie steun en hulp bij de voorbereidingen 
voor de verdediging van dit proefschrift. Soms zijn het de kleine dingetjes die helpen, dus dank voor 
het luisterende oor en de koppen thee.

Als laatste Kees en Ina, pap en mam. Zonder jullie stimulatie, vertrouwen, hulp en steun zou ik niet 
de persoon zijn die ik ben geworden. Hiervoor mijn dank.

Dankwoord

In de afgelopen jaren hebben verschillende mensen met raad, daad of steun bijgedragen aan de 
realisatie van dit proefschrift. Mijn dank aan jullie allen. 
De volgende mensen wil ik in het bijzonder danken en noemen. 

Mijn grootste dank gaat uit naar mijn co-promotor Dr. Scholten. Beste Marcoen, bedankt voor het 
vertrouwen en de vrijheid die je me hebt gegeven om dit proefschrift vorm te geven. Dankzij deze 
instelling heb je me de ruimte gegeven om binnen mijn onderzoek ook af en toe een zijstapje te 
maken om daarna weer terug te komen op de hoofdlijn.

Grote dank eveneens aan mijn promotor Prof. Dr. Wilde en mijn tweede co-promotor Dr. van Dessel. 
Beste Arthur en Pascal, meerdere malen ben ik vanuit Enschede naar het AMC gekomen om zaken te 
bespreken. Ondanks de lange reis was het iedere keer de tijd waard. Bedankt voor de inzichten die 
jullie me hebben gegeven en de vragen die jullie me hebben gesteld om scherp te blijven.

De leden van mijn promotiecommissie, Prof. Dr. Ir. de Bakker, Prof. Dr. von Birgelen, Prof. Dr. van 
Hemel, Prof. Dr. Peters en Prof. Dr. Tijssen dank ik voor de beoordeling van dit proefschrift.

De coauteurs van de artikelen in dit proefschrift dank ik voor hun waardevolle bijdrage.

De opleidingsgroep Cardiologie uit het Medisch Spectrum Twente onder leiding van Dr. Verhorst wil 
ik bedanken voor de mogelijkheid die mij is gegeven om mijn opleiding tot cardioloog te combineren 
met dit promotieonderzoek. 
Het was niet altijd makkelijk, een dag heeft maar 24 uur, maar een oplossing was altijd te vinden. 
Tevens dank aan alle mensen die mij tijdens mijn vooropleiding hebben begeleid en die mij de ruimte 
hebben gegeven als ik een afspraak in Amsterdam had.

Mijn (oud-)collegae, zowel op de onderzoekskamer als op de klinische werkvloer wil ik bedanken 
voor hun steun en gezelligheid.

De pacemaker/ICD-technici, dank dat jullie altijd voor mij klaar stonden als ik weer een vraag of 
verzoek voor jullie had. Jullie medewerking was erg waardevol.
De medewerkers van de hartcatherisatie en de hartfunctieafdeling; meerdere malen duurden 
procedures langer of moesten er extra metingen worden gedaan, dank voor jullie tijd en 
gezelligheid.

De patiënten, die toestemming hebben gegeven voor inclusie in de Twente ICD Cohort studie. Zonder 
jullie geen data. Mijn dank hiervoor.



198 199

12. Association of psychiatric history and type D personality with symptoms of anxiety, depression, and healt 
status prior to ICD implantation. Starrenburg AH, Kraaier K, Pedersen SS, van Hout M, Scholten MF, van der 
Palen J. Int J Behav Med. 2013;20(3):425-33

13. Performance of an external transtelephonic loop recorder for automated detection of paroxysmal atrial 
fibrillation. Oude Velthuis B, Bos J, Kraaier K, Stevenhagen J, van Opstal JM, van der Palen J, Scholten MF. 
Ann Noninvasive Electrocardiol. 2013;18(6):564-70

14. Early mortality in prophylactic implantable cardioverter-defibrillator recipients: development and validation 
of a clinical risk score. Kraaier K, Scholten MF, Tijssen JG, Theuns DA, Jordaens LJ, Wilde AA, van Dessel PF. 
Europace. 2014;16(1):40-6

15. Psychological indices as predictors for phantom shocks in implantable cardioverter defibrillator recipients. 
Starrenburg AH, Kraaier K, Pedersen SS, Scholten MF, van der Palen J. Pacing Clin Electrophysiol. Accepted 
for publication. 

16. The influence of scar tissue on Microvolt T-Wave Alternans. Kraaier K, Olimulder MA, van Dessel PF, van der 
Palen J, Wilde AA, Scholten MF. Geaccepteerd voor publicatie: Int J Cardiovasc Imaging.

17. Value of existing mortality risk scores in patient selection for prophylactic implantable cardioverter 
defibrillator implantation. Kraaier K, Scholten MF, Tijssen JG, Wilde AA, van Dessel PF. Verstuurd voor 
publicatie.

18. Impact of atrial fibrillation in an implantable cardioverter defibrillator cohort. Kraaier K, van Rennes B, Oude 
Velthuis B, Dorman HG, Stevenhagen YJ, van Opstal JM, Scholten MF. Verstuurd voor publicatie.

19. Prognostic value of Microvolt T-Wave Alternans in a real-world ICD population. Kraaier K, Olimulder MA, van 
Dessel PF, Wilde AA, Scholten MF. Verstuurd voor publicatie.

 

Mondelinge Presentaties
1. Microvolt T-Wave Alternans during exercise and pacing is not comparable. NVVC Congres; 2008
2. Risk stratification using Microvolt T-Wave Alternans is not feasible in a large percentage of potential ICD 

recipients. NVVC Congres; 2009. 
3. The influence of scar on Microvolt T-Wave Alternans. NVVC Congres; 2010.
4. The incidence of phantom shocks in primary prevention ICD recipients. NVVC Congres; 2011.
5. No influence of scar on T-Wave Alternans. ICPES; 2011
6. Early mortality in prophylactic ICD recipients. Development and validation of a clinical risk score. Heart 

Rhythm Society; 2013
7. Risk of mortality and ventricular arrhythmia in patients ineligible for TWA testing. Venice Arrhythmias; 2013

Portfolio

PhD periode: september 2007 t/m april 2014 

Curriculum Vitae
Karin Kraaier werd op 8 december 1981 geboren te Zaanstad. Na het eindexamen VWO in 2000 
aan het Zaanlands Lyceum te Zaamdam startte zij met de studie Geneeskunde aan de Vrije 
Universiteit te Amsterdam. Na het arts-examen in 2007 is zij gestart als arts-assistent Cardiologie 
in het Medisch Spectrum Twente te Enschede. Na zes maanden verruilde ze het klinische werk 
voor een promotietraject wat geleid heeft tot dit proefschrift. Vanaf april 2010 heeft zij haar 
promotieonderzoek gecombineerd met de opleiding tot cardioloog in het Medisch Spectrum 
Twente. Verwachte einddatum van de opleiding is april 2016.
 

Publicaties
1. Intermittent spastic coronary occlusion at site of non-significant atherosclerotic lesion requiring stent 

implantation. Kraaier K, Hartmann M, Stoel MG, von Birgelen C. Neth Heart J. 2008;16(11):390-1
2. Challenging pacemaker implantation: persistent left superior vena cava with absent right superior vena 

cava. Kraaier K, Poker J, von Birgelen C, Scholten MF. Herzschrittmacherther Electrophysiol. 2008;19(4):185-7
3. Succesful bystander cardiopulmonary resuscitation complicated by liver rupture. De Weerd Y, Kraaier K, 

Logtenberg M, Huisman A, von Birgelen C. Neth Heart J. 2009;17(1):33-4
4. Towards a better risk stratification for sudden cardiac death in patients with structural heart disease. Kraaier 

K, Verhorst PM, van Dessel PF, Wilde AA, Scholten MF. Neth Heart J. 2009;17(3):101-6
5. A shock lead intentionally placed in the left ventricle. Kraaier K, Verhorst PM, Scholten MF. Pacing Clin 

Electrophysiol. 2009;32(5):675-6
6. Microvolt T-Wave Alternans during exercise and pacing are not comparable. Kraaier K, Verhorst PM, van der 

Palen J, van Dessel PF, Wilde AA, Scholten MF. Europace. 2009;11(10):1375-80
7. ECG quantification of myocardial scar does not differ between primary and secondary prevention ICD 

recipients with ischemic heart disease. Kraaier K, van Dessel PF, van der Palen J, Wilde AA, Scholten MF. 
Pacing Clin Electrophysiol. 2010;33(2):192-7

8. Is T-Wave alternans testing feasible in candidates for prophylactic implantable defibrillators? Kraaier K, 
McCracken T, van der Palen J, Wilde AA, Scholten MF. Neth Heart J. 2011;19(1):6-9

9. Infarct tissue characteristics of patients with versus without early revascularization for acute myocardial 
infarction: a contrast-enhancement cardiovascular magnetic resonance imaging study. Olimulder MA, 
Kraaier K, Galjee MA, Scholten MF, van Es J, Wagenaar LJ, van der Palen J, von Birgelen C. Heart Vessels 
2012;27(3):250-7

10. Infarct tissue characterization in implantable cardioverter defibrillator recipeints for primary versus 
secondary prevention following myocardial infarction: a study with contrast-enhancement cardiovascular 
magnetic resonance imaging. Olimulder MA, Kraaier K, Galjee MA, Scholten MF, van Es J, Wagenaar LJ, van 
der Palen J, von Birgelen C. Int J Caridovasc Imaging. 2013;29(1):169-76

11. Incidence and predictors of phantom shocks in implantable cardioverter defibrillator recipients. Kraaier K, 
Starrenburg AH, Verheggen RM, van der Palen J, Scholten MF. Neth Heart J. 2013;21(4):191-5



200

Poster presentaties
1. Search for non-invasive predictors for ventricular arrhythmia requiring ICD-therapy: Rational and design of 

the Twente ICD Cohort Study (TICS). NVVC Congres; 2008
2. ECG Quantification of Myocardial Scar does not differ between Primary and Secondary Prevention ICD 

Recipients with Ischemic Cardiomyopathy. NVVC Congres; 2009
3. ECG Quantification of Myocardial Scar does not differ between Primary and Secondary Prevention ICD 

Recipients with Ischemic Cardiomyopathy. Venice Arrhythmias; 2009
4. The incidence of phantom shocks in primary prevention ICD recipients. Congress of the European Cardiac 

Arrhythmia Society, 2011.
5. Microvolt T-Wave Alternans during exercise and pacing is not comparable. ICPES; 2011
6. The incidence of phantom shocks in primary prevention ICD recipients. Cardiostim; 2012 
7. Predictors of early mortality in prophylactic ICD recipients. ESC congress; 2012
8. Incidence and predictors of phantom shocks in ICD recipients. ESC congress; 2012
9. Atrial fibrillation in real world implantable cardioverter defibrillator recipients. Wetenschapsdag MST 

Twente; 2012
10. Predictors of early mortality in prophylactic ICD recipients. Wetenschapsdag MST Twente; 2012
11. Prognostic value of MTWA in a real-world ICD population. NVVC Congres; 2013
12. Prognostic value of MTWA in a real-world ICD population. Europace; 2013
13. Atrial fibrillation in real world implantable cardioverter defibrillator recipients. Europace; 2013
14. Atrial fibrillation in real world implantable cardioverter defibrillator recipients. ESC congress; 2013 

 

Congressen
NVVC congres (2008, 2009, 2010, 2011, 2012, 2013), Cardiostim (2008, 2010, 2012), Europace (2009, 2011, 2013), 
ESC congress (2012, 2013), Venice Arrhythmias (2009, 2013), ICPES (2011), ECAS (2011), HRS (2013).
 

Cursussen
1. Epidemiologie en Biostatistiek. 2007, Medical School Twente
2. Good Clinical Practice. 2012, Medical School Twente


