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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).



154 155

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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