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BACKGROUND Only a minority of patients receiving implantable
cardioverter-defibrillators (ICDs) for the primary prevention of
sudden death receive appropriate shocks, yet almost as many are
subjected to inappropriate shocks and device complications. Iden-
tifying and quantifying myocardial scar, which forms the substrate
for ventricular tachyarrhythmias, may improve risk stratification.

OBJECTIVE This study sought to determine whether the absence
of myocardial scar detected by novel 12-lead electrocardiographic
(ECG) Selvester QRS scoring criteria identifies patients with low
risk for appropriate ICD shocks.

METHODS We applied QRS scoring to 797 patients from the ICD
arm of the Sudden Cardiac Death in Heart Failure Trial. Patients
were followed up for a median of 45.5 months for ventricular
tachycardia/fibrillation treated by the ICD or sudden tachyarrhyth-
mic death (combined group referred to as VT/VF).

RESULTS Increasing QRS score scar size predicted higher rates of
VT/VF. Patients with no scar (QRS score � 0) represented a
particularly low-risk cohort with 48% fewer VT/VF events than the
rest of the population (absolute difference 11%; hazard ratio 0.52,
95% confidence interval 0.31 to 0.88). QRS score scar absence
versus presence remained a significant prognostic factor after
controlling for 10 clinically relevant variables. Combining QRS

score (scar absence versus presence) with ejection fraction (�25%
versus �25%) distinguished low-, middle-, and high-risk sub-
groups with 73% fewer VT/VF events in the low-risk versus high-
risk group (absolute difference 22%; hazard ratio � 0.27, 95%
confidence interval 0.12 to 0.62).

CONCLUSION Patients with no scar by QRS scoring have signifi-
cantly fewer VT/VF events. This inexpensive 12-lead ECG tool provides
unique, incremental prognostic information and should be considered
in risk-stratifying algorithms for selecting patients for ICDs.
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ABBREVIATIONS ECG � electrocardiogram; HR � hazard ratio;
ICD � implantable cardioverter defibrillator; LAFB � left anterior
fascicular block; LBBB � left bundle branch block; LVEF � left
ventricular ejection fraction; MADIT-II � Multicenter Automatic
Defibrillator Implantation Trial II; MRI � magnetic resonance im-
aging; NYHA � New York Heart Association; RBBB � right bundle
branch block; SCD-HeFT � Sudden Cardiac Death in Heart Failure
Trial; VT/VF � ventricular tachycardia and ventricular fibrillation
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Introduction
The Sudden Cardiac Death in Heart Failure Trial (SCD-HeFT)
and the Multicenter Automatic Defibrillator Implantation
Trial II (MADIT-II) demonstrated that implantation of a

cardioverter-defibrillator (ICD) for primary prevention of
sudden cardiac death (SCD) significantly decreased mortal-
ity in patients with reduced left ventricular ejection
fraction (LVEF).1,2 However, only a minority of patients
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receive appropriate ICD shocks for ventricular tachyar-
rhythmias, whereas almost as many patients receive inap-
propriate shocks, which are associated with increased
mortality.3,4 Furthermore, patients are subjected to device-
related complications.5 Finally, under current implantation
guidelines the extent to which ICDs are cost effective is
controversial.6 Better risk stratification of potential ICD
candidates could improve the cost effectiveness of this ther-
apy if device placement is avoided in those unlikely to
benefit, and instead, specifically targeted to those in whom
maximal benefit is expected.6-8 For this purpose, a widely
available, inexpensive, noninvasive diagnostic tool that fa-
cilitates mass screening would be most ideal.

Ventricular tachycardia and fibrillation (VT/VF) leading
to SCD result from the interaction of abnormal myocardial
anatomic/functional substrate and electrophysiological trig-
gering events.9 Although reduced LVEF is a risk factor for
arrhythmogenesis, it is not synonymous with the structural
myocardial damage needed to support arrhythmic cir-
cuits.9,10 Regions of prior myocardial infarction are po-
tentially arrhythmogenic, irrespective of LVEF, as are
myocardial scars in nonischemic cardiomyopathies.11,12

Characterization of the myocardial substrate (scar) as a risk
predictor has not been investigated in published, large, ran-
domized, ICD clinical trials. Recent observational studies
have used contrast-enhanced magnetic resonance imaging
(MRI) to identify and quantify myocardial scar. MRI scar
presence and characteristics predict inducibility of arrhyth-
mias by programmed stimulation13-15 and prognosis.16-19

Although MRI analysis of myocardial scar is a promising
risk-stratifying tool for arrhythmias, it is costly and not
commonly available. In contrast, the 12-lead electrocar-
diogram (ECG) is inexpensive and universally available,
and can be readily used to perform Selvester QRS scor-
ing, which estimates infarct/scar size by quantifying
changes in Q-, R- and S-wave durations, amplitudes, and
morphologies.20

The Selvester QRS score consists of 32 total possible
points, with each point reflecting myocardial infarction in-
volving 3% of the left ventricle (LV).20 With training, the
score can be performed in 2 to 5 minutes, and multiple
automated versions have been developed with further im-
plementation for widespread use underway.20-24 Prior stud-
ies with QRS scoring excluded ECG confounding factors
such as the presence of ventricular hypertrophy and bundle
branch blocks, which were thought to preclude accurate
electrocardiographic infarct diagnosis. However, modified
QRS scoring systems for use in the presence of confounders
were created based on computer simulation and recently
validated in comparison with MRI scar size and shown to
predict the substrate for arrhythmias defined by inducibility
of monomorphic VT during programmed stimulation.25

The current study was performed to test the hypothesis
that the absence of scar by 12-lead ECG QRS scoring
identifies patients with a low risk of ICD shocks for sus-

tained VT/VF or sudden tachyarrhythmic death in SCD-
HeFT.

Methods
Study patients
The main SCD-HeFT study enrolled patients with New
York Heart Association (NYHA) class II or III heart failure
with LVEF �35%.1 The study was approved by an institu-
tional review committee, and all subjects gave informed
consent. Notably, heart failure etiology was defined as isch-
emic if patients had �75% narrowing in �1 major coronary
artery or a history of infarction. Patients without these
criteria were defined as nonischemic. Patients were ran-
domly assigned to 1 of 3 arms: single-chamber ICD (n �
829), amiodarone (n � 845), or placebo (n � 847). We
retrospectively performed QRS scoring on the baseline,
predevice 12-lead ECGs of the patients randomized to ICD.
Of these patients, 18 of 829 (2%) did not receive an ICD and
were excluded from analysis.

12-Lead ECG protocol
All patients received baseline 12-lead ECGs, before ran-
domization.1 Standard 12-lead ECGs (10 mm/mV and 25
mm/s) were sent to the ECG QRS scoring core laboratory
for analysis. There were no uniform ECG filter settings.
Analysis was performed blinded to all clinical and ICD data
except for age and gender, which are considered when
performing QRS scoring. A single investigator analyzed all
ECGs using a standardized protocol with quality control by
2 additional investigators. The QRS score analysis protocol
has been reported previously20,25 (and is included in the
Online-Appendix). Briefly, ECGs were first classified by
primary ventricular conduction/hypertrophy type: left bun-
dle branch block (LBBB), left anterior fascicular block
(LAFB), left ventricular hypertrophy, right bundle branch
block (RBBB), RBBB�LAFB, or no confounders. The
QRS scoring system for the appropriate conduction/hyper-
trophy type was then applied, which involves measurements
of Q-, R-, and S-wave amplitudes, durations, amplitude
ratios, and notches in 10 of the 12 standard ECG leads
(excluding leads III and aVR). No patients had ventricular
pacing or pre-excitation, which would preclude QRS scor-
ing.

ICD protocol, electrogram classification, and
death classification
The ICD implantation protocol, device settings, and elec-
trogram core laboratory protocol have been reported previ-
ously in detail.3 By design, the ICDs in SCD-HeFT were
restricted to single-lead devices with a detection rate of
�188 beats/min and no antitachycardia pacing pro-
grammed.1,3 Bradycardia pacing was set to 50 beats/min
with a hysteresis of 34 beats/min. Recorded ICD data were
sent to the SCD-HeFT ICD electrogram core laboratory for
review at 3-month follow-up visits, after known ICD ther-
apy, and when possible, after patient deaths.3 Two members
of the committee, blinded to all patient data, classified each
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