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Background: Low left ventricular ejection fraction (LVEF) increases risk for both sudden cardiac
death (SCD) and for heart failure (HF) death; however, implantable cardioverter-defibrillators (ICDs)
reduce the incidence of SCD, not HF death. Distinguishing individuals at risk for HF death (non-SCD)
versus SCD could improve ICD patient selection.

Objective: This study evaluated whether electrocardiogram (ECG) quantification of myocardial
infarction (MI) could discriminate risk for SCD versus non-SCD.

Methods: Selvester QRS scoring was performed on 995 MADIT-II trial subjects’ ECGs to quantify
MI size. MIs were categorized as small (0–3 QRS points), medium (4–7) or large (≥8). Mortality, SCD
and non-SCD rates in the conventional medical therapy (CMT) arm and mortality and ventricular
tachycardia/fibrillation (VT/VF) rates in the ICD arm were analyzed by QRS score group. Both arms
were analyzed to determine ICD efficacy by QRS score group.

Results: In the CMT arm, mortality, SCD and non-SCD rates were similar across QRS score groups
(P = 0.73, P = 0.92, and P = 0.77). The ICD arm showed similar rates of mortality (P = 0.17) and
VT/VF (P = 0.24) across QRS score groups. ICD arm mortality was lower than CMT arm mortality
across QRS score groups with greatest benefit in the large scar group.

Conclusion: Recently, QRS score was shown to be predictive of VT/VF in the SCD-HeFT
population consisting of both ischemic and nonischemic HF and having a maximum LVEF of 35%
versus 30% for MADIT-II. Our study found that QRS score did not add prognostic value in the
MADIT-II population exhibiting relatively more severe cardiac dysfunction.
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The mortality benefit of implantable cardioverter-
defibrillators (ICD) in patients with prior my-
ocardial infarction (MI) and reduced left ven-
tricular ejection fraction (LVEF) demonstrated
in Multicenter Automatic Defibrillator Implanta-
tion Trial II (MADIT-II) and Sudden Cardiac Death
in Heart Failure Trial (SCD-HeFT) has resulted in
recommendation for broad use of these devices and
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dramatically increased implantation rates in recent
years.1–4 The high incremental cost-effectiveness
ratio and relatively low rate of appropriate ICD
discharge illustrates the need for better risk-
stratification techniques to identify patients for
ICD implantation.5,6

The mortality reduction in MADIT-II was due to
a reduction in sudden cardiac death (SCD) with no
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effect on heart failure (HF) deaths.7 Prior studies
have shown that as HF progresses, the relative risk
of total mortality and HF death (non-SCD) increases
while the relative risk of SCD decreases.8–10 This
may explain the U-shaped pattern in ICD efficacy
observed where ICD efficacy was greatest in
patients with an intermediate risk of death, but
lower in patients at highest risk for death.11

Distinguishing individuals at high risk for non-SCD
from those primarily at risk for SCD may allow for
identification of who will benefit most from ICDs.

Analysis of the SCD-HeFT trial found that quanti-
fying infarct size using the Selvester QRS score was
predictive of ventricular tachycardia or ventricular
fibrillation (VT/VF) and, when combined with
LVEF, was able to separate subgroups of low,
medium, and high risk of VT/VF.12 Additionally,
several studies have implicated infarct size as a
predictor of both heart failure development and
worse outcomes.13–15 The value of the QRS score in
predicting SCD versus non-SCD risk in ICD eligible
subjects has not yet been examined.

This study evaluated whether QRS score is useful
for risk stratification of ICD eligible patients. We
hypothesized that (1) subjects with moderate/large
infarcts would have the highest rate of SCD; (2)
as MI size increases, the rates of non-SCD would
approach that of VT/VF and/or SCD; and (3) ICDs
would confer the greatest mortality benefit in
patients with large MIs.

METHODS

Population

MADIT-II enrolled subjects who were more than
21 years of age with an MI 1 month or more
before entry and an LVEF of ≤30% as described
previously.1 New York Heart Association (NYHA)
class IV patients were excluded. Subjects were
randomized in a 3:2 ratio to receive an ICD (N =
742) or conventional medical therapy (CMT, N =
490). We analyzed the ICD and CMT arms
independently except for the evaluation of ICD
efficacy, for which we utilized data from both arms.
The Duke University Health System Institutional
Review Board approved this substudy.

ECG Analysis

All MADIT-II subjects received electrocardio-
grams (ECGs) before randomization. Standard 12-

lead ECGs were evaluated by a single investigator
(ZL) blinded to all clinical data aside from age
and gender. ECGs were excluded from analysis if
poor quality, missing lead information, ventricular
paced rhythm, or indeterminate QRS axis prohib-
ited accurate evaluation. Selvester QRS scoring
was performed as previously described.12,16,17

Briefly, conduction-specific QRS-scoring criteria
involving Q-, R- and S-wave amplitudes, durations,
amplitude ratios and notches in 10 of the 12
standard ECG leads (excluding leads III and aVR)
were applied. Due to the QRS score’s strict
assessment of waveform durations, amplitude
ratios and QRS notching, ECGs were required to
be of high quality to facilitate accurate scoring.
ECGs that were difficult to assess to due to
quality concerns were adjudicated in conference
(with additional scorer GSW) or excluded to poor
quality. Interobserver and intraobserver variability
was determined by rescoring 10% of the overall
sample by the primary scorer and an additional
experienced scorer (GSW).

QRS scores were evaluated as both continuous
and categorical predictors. For categorization, QRS
scores were classified as low (0–3 points), medium
(4–7 points) and high (≥8 points) based on prior
studies showing the prognostic value of these
strata.18,19 A dichotomized QRS score (0–1 vs.
≥2 QRS points) was also utilized for comparison
to the 0 versus ≥1 dichotomous score used
in the previous SCD-HeFT substudy while still
maintaining an adequate sample size.12

Outcomes

The cause of death was adjudicated by a blinded
events committee,7 using a modified Hinkle-
Thaler Scheme. Cardiac deaths were subdivided
into sudden (SCD), nonsudden (non-SCD) and
unclassified cardiac death.

The ICDs of subjects were interrogated after
each shock episode or antitachycardia pacing (ATP)
and the rhythm preceding the event was classified
according to prespecified criteria.20 Episodes of VT
or VF preceding an ICD shock or ATP was the
primary end point. All-cause mortality was the
secondary end point.

Statistical Analysis

Wilcoxon rank-sum and chi-square statis-
tics were used for comparison of descriptive
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statistics. Interclass correlation coefficient values
are reported for a randomly selected subset (10%
of subjects, N = 123). Survival analysis for the rela-
tionship between QRS score and overall mortality,
SCD, VT/VF and non-SCD was performed by a
log-rank test for the categorical and dichotomous
QRS score and by Cox proportional hazards for
the continuous QRS score. Kaplan-Meier plots
were generated for the stratified QRS score for
overall mortality, SCD, VT/VF, and non-SCD for a
mean follow-up of 1.7 years. All survival analyses
were performed with Cox proportional hazards
controlling for LVEF and subgroup analysis was
performed excluding patients with right or left
bundle branch block. Two-sided significance was
set at α = 0.05.

RESULTS

Study Population

Of the 1232 subjects included in the MADIT-II
study, 995 (81%) had ECGs of sufficient quality
for QRS scoring. Tables 1A and 1B show baseline
characteristics of subjects in the different QRS
score groups. In both arms, left bundle branch
block (LBBB) was more common in the QRS
Low and QRS Med groups; whereas, right bundle
branch block (RBBB) was seen more frequently in
the QRS High group. The mean LVEF was similar
across QRS score groups (22.9%, 23.1%, and 22.8%
for QRS Low, Med, and High, respectively). After
a mean follow-up of 19.9 months, 81 subjects in
the CMT arm died (40 SCD, 20 non-SCD) and 151
subjects in the ICD arm experienced VT/VF (117
VT, 34 VF).

QRS Scoring

Of the 995 subjects evaluated, 40 RBBB (4.0%),
108 left anterior fascicular block (LAFB, 10.9%),
59 LAFB + RBBB (5.9%), 131 left ventricular
hypertrophy (LVH, 13.2%), 161 LBBB (16.2%) and
496 without confounders (49.9%). The median QRS
score was 6 with an interquartile range of 3–9.
The QRS Low, Med. and High categories included
257 (25.8%), 363 (36.4%) and 375 (37.7%) subjects,
respectively.

The intra- and interobserver intraclass corre-
lation coefficients for QRS score were 0.95 and
0.89, respectively. The intra- and interobserver
agreement on QRS score classification (low,

medium, or high) was 86% and 79%, respectively.
Upon rescoring, the mean absolute differences in
QRS score for the original and second scorer were
0.93 and 1.42 points, respectively.

CMT Arm

In the CMT arm, there were 23, 25, and 33
deaths in the QRS Low, Med, and High groups,
respectively (Table 2). No association was found be-
tween the continuous QRS score and overall risk of
mortality (Table 3A, P = 0.18). Similarly, there was
no difference in overall probability of death among
the different QRS score groups (Fig. 1A, P = 0.73).
Surprisingly, the dichotomized QRS score (0–1 vs.
≥ 2 points) showed increased probability of death
among subjects with QRS scores of 0–1 compared
to those with scores ≥ 2 (Table 3B, HR = 2.03,
P = 0.04). All analyses controlled for LVEF but
univariate analyses showed similar trends (data not
shown). Due to the higher prevalence of LBBB
in the QRS Low group and the higher prevalence
of RBBB in the QRS High group (Tables 1A and
1B), analysis was repeated excluding subjects with
either LBBB or RBBB but categorical QRS score
remained nonpredictive of mortality (P = 0.34).

There were 10 SCDs in the QRS Low group, 12
SCDs in the QRS Med group and 18 SCDs in the
QRS High group (Table 2). Continuous QRS score
was not associated with risk of SCD (Table 3A, P =
0.25). There was no difference in the probability of
SCD based on QRS score group (Fig. 1B P = 0.92).
Dichotomized QRS Score showed no difference in
the probability of SCD (Table 3B, P = 0.15).

The QRS Low, Med, and High groups had 6, 6,
and 8 non-SCDs, respectively (Table 2). Continuous
QRS score was not associated with increased risk
of non-SCD (Table 3A, P = 0.43). There was also
no difference in the probability of non-SCD based
on QRS score classification (Fig. 1C, P = 0.77).

The average QRS score for subjects with SCD
was 6.3 ± 4.0 whereas the average QRS score for
those with non-SCD was 6.5 ± 4.0. The average
QRS score for those who survived throughout
follow-up was 7.0 ± 4.3.

ICD Arm

In the ICD arm, there were 28, 33, and 24
deaths in the QRS Low, Med, and High groups
respectively (Table 2). Cox proportional hazard
for mortality by continuous QRS score showed
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Table 1. A. Baseline Characteristics by QRS Score Group for Conventional Medical Therapy Arm: Data Are
Presented as Mean ± Standard Deviation or N (%) of the Population

Clinical Characteristics Conventional Medical Therapy Arm
QRS Low (0–3) QRS Med (4–7) QRS High (≥8) P-

N = 104 N = 135 N = 164 Value

Age at randomization 65 ± 11 66 ± 10 63 ± 11 0.066
Body mass index (kg/m2) 28 ± 5 28 ± 5 28 ± 5 0.701
Systolic blood pressure 123 ± 20 123 ± 19 118 ± 16 0.012
Diastolic blood pressure 71 ± 10 70 ± 10 70 ± 11 0.537
Heart rate 71 ± 12 72 ± 12 72 ± 13 0.951
QRS duration (s) 0.12 ± 0.03 0.12 ± 0.03 0.12 ± 0.03 0.378
Number of prior hospitalizations 1.3 ± 1.3 1.1 ± 1.2 1.1 ± 1.4 0.244
MI months before enrollment 73 ± 69 75 ± 72 72 ± 69 0.877
Blood urea nitrogen 23 ± 12 23 ± 12 24 ± 13 0.989
Creatinine 1.3 ± 0.8 1.3 ± 0.4 1.3 ± 0.5 0.402
Female 22 (21%) 20 (15%) 21 (13%) 0.177
White race 86 (83%) 122 (90%) 139 (85%) 0.205
Left bundle branch block 27 (26% 26 (19%) 18 (11%) 0.007
Right bundle branch block 1 (1%) 4 (3%) 21 (13%) <0.001
Atrial fibrillation 5 (5%) 14 (10%) 15 (9%) 0.280
CHF NYHA Class II-IV 68 (65%) 82 (61%) 97 (59%) 0.543
EF < 25% 49 (47%) 65 (48%) 84 (51%) 0.837
Diabetes 42 (40%) 54 (40%) 59 (36%) 0.730

Table 1. B. Baseline Characteristics by QRS Score Group for ICD Arm: Data Are Presented as Mean ± Standard
Deviation or N (%) of the Population

Clinical Characteristics ICD Arm
QRS Low (0–3) QRS Med (4–7) QRS High (≥8) P-

N = 257 N = 363 N = 375 Value

Age at randomization 65 ± 9 64 ± 11 63 ± 11 0.093
Body mass index (kg/m2) 27 ± 5 28 ± 5 29 ± 6 0.105
Systolic blood pressure 126 ± 17 122 ± 19 121 ± 19 0.013
Diastolic blood pressure 71 ± 12 71 ± 11 71 ± 11 0.849
Heart rate 74 ± 13 73 ± 14 71 ± 13 0.027
QRS duration (s) 0.12 ± 0.03 0.12 ± 0.03 0.12 ± 0.03 0.081
Number of prior hospitalizations 1.4 ± 1.6 1.1 ± 1.9 1.1 ± 1.2 0.234
MI months before enrollment 73 ± 74 87 ± 86 84 ± 77 0.333
Blood urea nitrogen 24 ± 14 23 ± 12 22 ± 12 0.135
Creatinine 1.3 ± 0.6 1.2 ± 0.4 1.2 ± 0.4 0.338
Female 49 (19%) 65 (18%) 56 (15%) 0.469
White race 203 (79%) 327 (90%) 319 (85%) 0.010
Left bundle branch block 44 (17%) 98 (27%) 41 (11%) <0.001
Right bundle branch block 13 (5%) 22 (6%) 56 (15%) <0.001
Atrial fibrillation 23 (9%) 33 (9%) 30 (8%) 0.935
CHF NYHA Class II-IV 182 (71%) 240 (66%) 233 (62%) 0.216
EF < 25% 121 (47%) 182 (50%) 188 (50%) 0.772
Diabetes (F3AQ3) 108 (42%) 116 (32%) 124 (33%) 0.145

Bolded p-values represent statistically significant p-values (p < 0.05).

decreased risk of death with increasing QRS score
(Table 3A, HR = 0.94, P = 0.03). However, this
finding was not borne out by the categorical analy-
sis wherein all three QRS score categories demon-
strated similar rates of mortality (Fig. 2A, P = 0.17).
Moreover, the dichotomous QRS score also showed

similar rates of death (Table 3B, P = 0.08).
Nevertheless, the continuous QRS score mortality
relationship remained significant after removing
LBBB and RBBB patients (HR = 0.93, P = 0.047).

VT/VF occurred in 45 subjects in the QRS Low
group, 49 in the QRS Med group and 57 in the
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Table 2. Event Rates by QRS Score Category: Event Rates for Each Arm are Reported as N (% Population at Risk)

Event Rates QRS Low (0–3) QRS Med (4–7) QRS High (≥8)

CMT
Mortality 23 (22.1%) 25 (18.5%) 33 (20.1%)
SCD 10 (10.2%) 12 (9.0%) 18 (11.3%)
Non-SCD 6 (6.1%) 6 (4.5%) 8 (5.0%)

ICD
Mortality 28 (18.2%) 33 (14.5%) 24 (11.4%)
VT/VF 45 (30.8%) 49 (22.3%) 57 (27.5%)
VT 35 (24.0%) 34 (15.5%) 48 (23.2%)
VF 10 (6.8%) 15 (6.8%) 9 (4.4%)

Table 3. A. Cox Proportional Hazard Ratios for Continuous QRS Score: Cox-Proportional Hazards for Continuous
QRS Score are Reported for End Points in Each Arm*

Event Type Hazard Ratio 95% Confidence Interval P-Value

CMT
Mortality 0.96 0.91–1.02 0.176
SCD 0.96 0.88–1.03 0.247
Non-SCD 0.96 0.86–1.07 0.426

ICD
Mortality 0.94 0.89–0.99 0.025
VT/VF 0.98 0.94–1.03 0.450
VT 1.00 0.96–1.05 0.960
VF 0.95 0.87–1.03 0.229

Table 3. B. Cox Proportional Hazard Ratios for Dichotomous (0–1 vs. ≥2) QRS Score: Cox-Proportional Hazards
for Dichoromous QRS Score are Reported for End Points in Each Arm*

Event Type Hazard Ratio 95% Confidence Interval P-Value

CMT
Mortality 2.03 1.04–3.95 0.037
SCD 2.00 0.78–5.12 0.150
Non-SCD 1.85 0.43–8.07 0.411

ICD
Mortality 1.71 0.94–3.08 0.077
VT/VF 1.53 0.93–2.51 0.094
VT 1.23 0.69–2.18 0.492
VF 1.62 0.63–4.20 0.317

*All analyses adjusted for EF <25%.
Bolded p-values represent statistically significant p-values (p < 0.05).

QRS High group (Table 2). Cox proportional hazard
by continuous QRS score was not significant for
occurrence of VT/VF (Table 3A, P = 0.45). Neither
categorical (Fig. 2B, P = 0.24) nor dichotomous
(Table 3B, P = 0.09) QRS score demonstrated
different rates of VT/VF. Considering the rates
of appropriate ICD discharge for VT or VF
independently also showed similar trends across
continuous (Table 3A), categorical (Table 2) and
dichotomous QRS score (Table 3B).

The average QRS score for subjects who
experienced VT/VF was 6.3 ± 4.2 whereas
the average QRS score for those who survived

throughout follow-up without a VT/VF event was
6.5 ± 4.0.

QRS Score and ICD Efficacy

To assess categorical QRS score as a predictor
of ICD efficacy, we determined the risk of death
between the ICD and CMT arms by QRS score
group (Table 4). ICD implantation was associated
with a lower risk of death in all three QRS score
groups; but, this reduction of risk only reached
statistical significance in the QRS High group
(HR = 0.56, P = 0.03). However, interaction
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Table 4. Mortality Hazard Ratio for ICD Arm Assignment versus CMT Arm Assignment by QRS Score

QRS Score Group Hazard Ratio 95% Confidence Interval P-Value

QRS Low (0–3) 0.78 0.45–1.36 0.39
QRS Med (4–7) 0.74 0.44–1.24 0.25
QRS High (≥8) 0.56 0.33–0.95 0.03

Bolded p-values represent statistically significant p-values (p < 0.05).

analysis comparing the mortality benefit of ICD
arm assignment between the QRS High group and
the QRS Med and QRS Low groups showed no
significant difference (P = 0.47, P = 0.39). The
interaction of ICD implantation and continuous
QRS score was also not significant (P = 0.46).
The previous SCD-HeFT substudy found QRS score
combined with LVEF resulted in a larger discrim-
inative power for risk of VT/VF.12 However, the
combination of LVEF with the dichotomous QRS
score (both as 0–1 vs. ≥2 QRS points and 0 vs.
≥1 QRS point) as a predictor of VT/VF or SCD for
the MADIT-II cohort was unable to discriminate
subgroups of differential risk (data not shown).

Previous studies have shown that inferior/
posterior MI is associated with higher risk of
all-cause mortality than anterior/lateral MI.21

However, controlling for infarction location (an-
terior/lateral vs. inferior/posterior) did not signifi-
cantly affect the predictive power of the QRS score
(data not shown).

DISCUSSION

QRS scores were similar among patients who
experienced VT/VF, SCD, and non-SCD demon-
strating that QRS score alone is unable to discrim-
inate between individuals at risk for SCD versus
HF death in the MADIT-II population. Higher
QRS score was associated with decreased mortality
risk in both the CMT arm (by dichotomous score)
and the ICD arm (by continuous score) and the
QRS High group demonstrated the largest mortality
benefit; however, QRS score was unable to identify
subgroups that would be inappropriate candidates
for ICD implantation.

Arrhythmia and SCD Risk

This study tested the hypothesis that higher QRS
score would be associated with increased incidence
of SCD in the CMT arm of the MADIT-II trial;
and higher QRS score would be associated with

appropriate ICD discharge for VT or VF in the ICD
arm. Our results show that subjects experienced
similar risk of SCD, VT and VF across different
QRS scores. None of the three considerations
of the QRS score (continuous, categorical, or
dichotomous) were able to identify subjects at
particularly high or low risk for SCD or ventricular
arrhythmias.

Higher QRS score was shown to be associated
with appropriate ICD discharge for VT or VF
in the SCD-HeFT population.12 One possible
explanation for the differences in the results of
our study and the SCD-HeFT substudy may stem
from the subject population differences. SCD-
HeFT included subjects with LVEFs ≤ 35% due
to either ischemic (52%) or nonischemic (48%)
etiology, whereas MADIT-II enrolled subjects with
LVEFs ≤ 30% and exclusively due to ischemic
etiology.1,2 While the average LVEFs of MADIT-II
were slightly lower than SCD-HeFT (23% vs. 25%)
and the median QRS score was slightly higher (6 vs.
5), at 5 years of follow-up the total mortality rate
was higher in MADIT-II than SCD-HeFT (43% vs.
36% in the CMT arm and 33% vs. 29% in the ICD
arm)2,22 suggesting that the MADIT-II population
included more seriously ill subjects than SCD-
HeFT. It may be that in a population with more
severe post-MI LV dysfunction, QRS score fails
to contribute incremental prognostic value. The
MADIT-II trial also did not include subjects with
nonischemic heart failure who may have different
determinants of arrhythmia risk; however, sub-
group analysis of the ischemic subjects in SCD-
HeFT demonstrated a similar relationship between
QRS score and VT/VF as in the nonischemic
subjects.12

The median follow-up in SCD-HeFT was much
longer than that of MADIT-II (45.5 months and
20 months, respectively).1,2 The separation in the
Kaplan-Meier plots between the scar absent and
scar present group of the SCD-HeFT substudy be-
comes most pronounced after 24 months of follow-
up.12 It is possible that the follow-up period in
MADIT-II was not sufficient to detect a difference
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Figure 1. Event rates by QRS score in conven-
tional medical therapy (CMT) arm. Kaplan-Meier plots
illustrating the cumulative probability of death (A),
SCD (B), and non-SCD (C) by categorical QRS
score in the CMT arm. QRS Low includes subjects
with QRS scores between 0–3, QRS Med 4–7, and QRS
High ≥ 8.

in long-term event risk. The median time between
index MI and randomization may influence the
risk of VT/VF and this duration was also slightly
different between SCD-HeFT and MADIT-II (52
months vs. 60 months respectively);23,24 however,

Figure 2. Event rates by QRS score in implantable
cardioverter defibrillator (ICD) arm. Kaplan-Meier plots
illustrating the cumulative probability of death (A) and
VT/VF (B) by categorical QRS Score in the ICD arm. QRS
Low includes subjects with QRS scores between 0–3,
QRS Med 4–7 and QRS High ≥ 8.

a recent study of SCD-HeFT demonstrated that
ICD benefit did not vary with time from MI to
implantation.23 Additional analyses of the QRS
score’s prognostic value in a population like SCD-
HeFT could help to clarify some of these issues.

Non-SCD Risk

This study also tested the hypothesis that
subjects with very high QRS scores were more
likely to experience non-SCD than those with
lower QRS scores. These data demonstrate that the
incidence of non-SCD was similar across the low,
medium, and high QRS score groups. Additionally,
analysis of ICD efficacy demonstrated that subjects
with high QRS scores tended to have the largest
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mortality benefit. Only 4% of subjects included in
this study were NYHA class IV with the majority
(57%) being class II or III. This population may
not have included enough subjects with severe HF
such that their QRS scores would be predictive of
their risk of non-SCD.

QRS Score as a Tool for Risk
Stratification

Increasing QRS score was not associated with
increased risk of overall mortality in the CMT
arm, but was associated with decreased risk of
overall mortality in the ICD arm. ICD implantation
appeared to confer mortality benefit in all three
categorical QRS score groups but only reached
statistical significance in the high QRS score group.
These results suggest that ICD benefit may be
highest in subjects with high QRS scores but do
not imply that subjects with lower QRS scores fail
to benefit. Additionally, increasing QRS score was
associated with increased risk of total mortality
in the ICD arm of the SCD-HeFT substudy,
further challenging the interpretation of these
results.12 In summary, QRS score alone does not
appear to be sufficient for excluding patients for
ICD implantation from the broad group meeting
MADIT-II criteria.

Limitations

One limitation of this study is the method by
which mortality subtype end points in the CMT
arm were classified. Each death was classified
by an end point review committee based on the
modified Hinkle-Thaler scheme; however, subjects
in the CMT arm were not monitored for arrhyth-
mias, and their cause of death cannot be certain.
The accuracy of mode of death classification is
known to be imperfect.25 The uncertainty inherent
in any classification method may have caused some
deaths to be falsely identified as SCD; however, the
Hinkle-Thaler criteria were specifically designed
to provide more accurate discrimination between
arrhythmic death and sudden death from other
causes.26,27

The ECGs that were analyzed were often
photocopies that limited the precision of the
analysis. This limitation in quality resulted in the
exclusion of a large portion of the population
(19%) from analysis. However, comparison of
baseline characteristics of included and excluded

patients were largely similar (online supplement).
The difference in average QRS score between the
SCD and non-SCD group was 0.2 points (6.3 vs.
6.5 points) which is within the margin of error
determined by inter and intraobserver agreement
measurements. It is possible that more precise scar
estimates would be better able to discriminate a
true difference between these two groups. Separate
efforts are in progress to generate an automated
version of this score to achieve a more precise and
even more consistent result.

Lastly, the QRS score groups analyzed in this
study were imbalanced with respect to RBBB and
LBBB prevalence. However, while RBBB was more
common in the higher QRS score groups and LBBB
was more common in the lower QRS score groups,
analyses including and excluding these subjects
showed similar results.

CONCLUSIONS

The results of this study suggest that the role for
QRS scoring in aiding risk stratification for ICD
implantation needs to be evaluated further. This
clinical tool is inexpensive and can be performed on
the widely available ECG. Automation of the QRS
scoring process could make it an appealing tool
to aid in clinical decision-making. Further studies
determining populations in which this tool can best
serve will potentially aid clinicians in selecting
appropriate candidates for ICD therapy.
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