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Background: The electrocardiogram (ECG) can be used to predict cardiovascular risk; however, like
all risk factors with imperfect specificity, studies in low risk populations have been plagued by poor
predictive accuracy. Although predictive accuracy might be improved among cohorts with a higher
likelihood of cardiovascular events, this would also affect the prevalence of abnormal parameters
and their exclusions.

Method: To determine the magnitude of these changes in a cohort with ischemic cardiomyopathy
we analyzed 15 previously validated high-risk parameters from the resting and ambulatory ECG
in subjects enrolled in the Prediction of Arrhythmic Events with Positron Emission Tomography
(PAREPET) study (n = 198).

Results: Using the published exclusion criteria from the validation studies (i.e., atrial fibrillation,
persistent pacing, prolonged QRS), only 4 high-risk ECG parameters (27%) could be evaluated in all
subjects and only 42% of subjects could have all 15 ECG parameters assessed. Nevertheless, almost
every subject (97%) had at least one abnormal parameter. On average, there were 3.4 ± 1.8 (range,
0–8) high-risk ECG parameters per subject among the 11.7 ± 4.5 (range, 4–15) parameters that could
be assessed.

Conclusions: Thus, 34% of all assessable parameters were abnormal. In conclusion, a significant
proportion of ECG parameters cannot be assessed in patients with ischemic cardiomyopathy, but
high-risk results are ubiquitous. The influence of these issues will be clarified when the results of
the PAREPET study are available to actually determine the predictive value of these parameters on
cause-specific mortality in a high-risk cohort.
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In view of its limited cost and universal availabil-
ity, the electrocardiogram (ECG) is an integral part
of almost every cardiovascular evaluation. This
ubiquity has facilitated numerous large scale in-
vestigations that have clearly shown that selected
parameters can predict cardiovascular events and
mortality. Nevertheless, these investigations have
primarily involved relatively low risk populations
in whom low event rates have resulted in poor pre-
dictive accuracy of individual ECG parameters.1–6

At the other end of the clinical spectrum are
the patients with known coronary artery disease.
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Although the subsequent death is likely to be
cardiac, predicting the eventual mode of death
(i.e., sudden versus nonsudden, implantable de-
fibrillator utilization) or time-to-event has signifi-
cant clinical and research implication.7,8 Interest-
ingly, investigations of ECG predictors in these
patients has primarily focused on novel and so-
phisticated parameters rather than the simple and
straightforward indices that have been so exten-
sively validated in lower risk populations. The
explanation for this deficiency is not entirely
clear; however, we hypothesized two potentially
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complementary factors that could undermine the
prognostic utility of ECG parameters in patients
with ischemic cardiomyopathy. First, there would
be such a high prevalence of ECG parameters as-
sociated with high-risk that a complex analytic
scheme would be required to stratify and prioritize
parameters. Second, a high prevalence of coexist-
ing conditions (i.e., atrial fibrillation and persistent
ventricular pacing) would preclude the evaluation
of many parameters; in addition complicating at-
tempts to categorize levels of risk. Accordingly, this
study was specifically designed to determine the
prevalence of high-risk ECG parameters and the
frequency of previously published exclusion crite-
ria in patients with ischemic cardiomyopathy.

METHODS

Subjects for this investigation are from the on-
going PAREPET study (Prediction of Arrhythmic
Events with Positron Emission Tomography), a
National Institute of Health-funded observational
cohort study evaluating positron emission tomog-
raphy to predict sudden cardiac death (SCD).9

The PAREPET study enrolled patients with doc-
umented ischemic cardiomyopathy with an ejec-
tion fraction (EF) ≤35% with New York State
Heart Association (NYHA) functional Class I–III
heart failure, and no plans for coronary revas-
cularization. Exclusion criteria included: history
of resuscitated SCD, sustained ventricular tachy-
cardia (VT), implantable-cardioverter defibrillator
discharge, unexplained syncope; recent myocar-
dial infarction (30 days), percutaneous coronary
intervention (3 months), coronary bypass surgery
(1 year); or comorbidities that reduced life ex-
pectancy to fewer than 2 years.

Electrocardiographic Monitoring

All subjects had high resolution (1000 samples
per second) ambulatory 12-lead ECG monitoring
(H12+ Holter recorders, V3.12, Mortara Instru-
ments; Milwaukee, WI, USA) with the Mason-Likar
lead configuration, resulting in high fidelity record-
ings with a frequency response of 0.05–60 Hz. For
the resting 12-lead ECG variables, the first ECG of
the monitoring period was selected while the sub-
ject was supine. The ELI LINK program (Mortara
Instruments) was used to export a single 12-lead
ECG with the standard filter setting of 0.05–150

Hz for subsequent analysis. Among patients with
intermittent ventricular pacing, a high resolution
12-lead ECG was also exported for analysis dur-
ing periods of intrinsic rhythm. Standard 12-lead
ECGs were then analyzed by a reviewer blinded to
all clinical data.

High-Risk ECG Parameters

Fifteen high-risk ECG parameters were identi-
fied from the literature to be consistently associated
with cardiac mortality and/or SCD. The previously
validated operational definitions, cutoff-points for
risk, and exclusion criteria were applied. Table 1
shows the frequency of various exclusion criteria
and the high-risk parameters affected.

(1) Assessed in all subjects:

(i) Atrial Fibrillation: any presence of ir-
regular R–R intervals with absence of P
waves, (manually obtained).5

(ii) Nonsustained VT (NSVT): at least one
episode of three or more consecutive pre-
mature ventricular complexes (PVCs) at
rate ≥120 beats per minute (bpm, manu-
ally obtained).10

(iii) Fragmented QRS Complexes (fQRS): with
a narrow QRS complex (<120 ms) any
RSR morphology, notching in the nadir
of the S wave or more than one R wave
in two contiguous leads11; or with a
prolonged QRS complex (≥120 ms) due
to bundle branch block, nonspecific in-
traventricular conduction disturbance or
paced rhythm an fQRS was defined as
the presence of >2 R’ or >2 notches
in the nadir of the S wave (manually
obtained).12

(iv) Persistent Right Ventricular (RV) Pac-
ing: continuous (100% of monitoring
time) prolonged QRS complexes with
single-chamber ventricular pacemaker
spikes (automated measure).13 Biventric-
ular (BiV) pacing was not considered a
high-risk parameter.

(2) Excluding subjects with persistent RV or BiV
pacing:

(v) Q Waves: at least one pathologic Q
wave (≥40 ms wide and 1/4 of R wave
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Table 1: High Risk ECG Parameters and Their Respective Previously Published Exclusion Criteria

Exclusion Criteria

OR/ Persistent RV or Atrial QRSd ≥
n = 198 HR None BiV Pacing Fibrillation LBBB 120 ms

Number of subjects excluded 0 43 20 11 114
% of Subjects excluded 0% 22% 10% 6% 58%
ECG features

1 Atrial Fibrillation 1.44 X
2 Nonsustained VT 2.915 X
3 Fragmented QRS 1.531 X
4 Persistent RV pacing 3.018 X
5 Q waves 2.25 X
6 Left ventricular hypertrophy 1.512 X
7 Left bundle branch block 2.520 X
8 Dynamic ST depression 5.321 X X
9 Elevated minimum HR 2.16 X X
10 Frequent premature ventricular complexes 2.86 X X
11 Prolonged QRSd 1.212 X X
12 Low heart rate variability 5.024 X X
13 Prolonged QTc 2.52 X X X
14 Steep QT/RR slope 1.613 X X X
15 Wide spatial QRS-T angle 2.47 X X X X

OR = odds ratio; HR = hazards ratio; RV = right ventricle; BiV = biventricular pacing; LBBB = left bundle branch block; QRSd =
QRS duration; VT = ventricular tachycardia; HR = heart rate; QTc = corrected QT interval; RR = R to R interval.

amplitude) in each of anterior, lateral, and
inferior territories (manually obtained).3

In order to determine the potential impact
of the Mason-Likar lead configuration on
the frequency of Q waves, standard ECGs
were reviewed on a subset of subjects
(n = 20). There was close correlation be-
tween the number of leads with Q waves
(r = 0.57) and the number of regions
with Q waves (r = 0.63) between the two
lead systems. Similarly, there was very
good agreement among regions with Q
waves (intraclass correlation coefficient =
0.74). Nevertheless, the American Heart
Association scientific statement cautions
that there are differences in the ECG
waveforms when electrodes are moved
from standard wrist/ankle positions to the
torso.14

(vi) Left Ventricular Hypertrophy (LVH): Cor-
nell criteria of the sum of SV3 and RaVL
voltage > 20 mm (women) or 28 mm
(men), (manually obtained).15

(vii) Left Bundle Branch Block (LBBB): QRSd
≥120 ms plus broad notched or slurred R
wave in leads I, aVL, V5-V6, and an RS
pattern in V5-V6 (manually obtained).16

(3) Excluding subjects with LBBB or persistent
RV or BiV pacing:

(viii) Dynamic ST Depression: at least one
episode of J-point depression of ≥0.5 mm
in leads V2-V3 or ≥1 mm in all other leads
in two or more contiguous leads for at
least 5 minutes (manually obtained).17

(4) Excluding subjects with atrial fibrillation or
persistent RV or BiV pacing:

(ix) Elevated Minimum Heart Rate (min HR):
minimum HR averaged for any five sec-
ond period during monitoring ≥65 bpm
(automated measure).1

(x) Frequent PVCs: ≥10 premature QRS
complexes with ectopic morphology and
QRSd >120 ms per hour, for at least
20 hours of the recording period (man-
ually obtained).10

(xi) Prolonged QRS Duration (QRSd): the
global QRS duration (earliest onset to the
latest offset) averaged among all leads
>110 ms (automated measure).18

(xii) Low HR Variability (HRV): beat-to-beat
frequency analysis of the RR intervals
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(automated measure) with at least one
of the following: (a) standard deviation
of normal-to-normal RR intervals <50 ms
(SDNN); (b) the square root of the mean
squared differences of successive normal-
to-normal intervals <15 ms (rmsSD); or
(c) the frequency of interval differences
of successive normal-to-normal intervals
greater than 50 ms <75% (rr50).19,20

(5) Excluding subjects with atrial fibrillation,
LBBB or persistent RV or BiV pacing:

(xiii) Prolonged Corrected QT Interval (QTc):
QT interval corrected for HR using
the Bazett formula (QT/RR1/2) >450 ms
(men) or >470 ms (women) (automated
measure).4

(xiv) Steep QT/RR Slope: regression line slope
of the beat-to-beat QT and RR relation-
ship over the entire monitoring period
>0.22 (automated measure).21–22

(6) Excluding subjects with atrial fibrillation,
persistent RV or BiV pacing or QRSd ≥120
ms:

(xv) Wide Spatial QRS-T Angle: the three-
dimensional spatial angle between ven-
tricular depolarization and repolarization
>100◦ using the QRS/T simple formula23

(manually obtained).6,24

Echocardiography

Two-dimensional transthoracic echocardiogra-
phy was performed in all subjects with a 2.25 MHz
phased-array transducer with harmonic imaging,
including standard parasternal long- and short-axis,
apical two- and four-chamber, and subcostal views.
Ventricular volumes and EF were obtained from
the apical two-chamber and apical four-chamber
views, as recommended by the American Society
of Echocardiography.25,26 Criteria for echocardio-
graphic evidence of LVH were ≥96 g/m2 in women
and ≥116 g/m2 in men.27

Statistical Analysis

All values are mean ± standard deviation. The
degree of association between the number of high-
risk ECG parameters and various demographic and
electrocardiographic parameters was determined

Table 2. Baseline Characteristics (n = 198)

Variable Mean ± SD

Age (years) 67.2 ± 11.7
Male sex, n (%) 179 (90%)
NYHA functional class 2.1 ± 0.8
CCS angina class 1.7 ± 0.7
End-diastolic volume index (mL/m2) 87.5 ± 29.2
End-systolic volume index (mL/m2) 64.6 ± 26.1
Mitral regurgitation severity 1.6 ± 1.2
Ejection fraction 0.27 ± 0.09

SD = standard deviation; NYHA = New York State Heart
Association; CCS = Canadian Cardiovascular Society.

using the Pearson’s correlation coefficient (r). All
statistical analyses were performed with SPSS (Ver-
sion 17). P < 0.05 was considered statistically
significant.

RESULTS

Key demographic and clinical characteristics of
the 198 subjects included in this analysis are
shown in Table 2. Consistent with their diagno-
sis of ischemic cardiomyopathy, almost all subjects
were pharmacologically managed with beta block-
ers (96%) and angiotensin receptor blockers or an-
giotensin converting enzyme inhibitors (88%).

High-Risk ECG Parameters

Ambulatory monitoring was performed for
23.9 ± 0.8 hours (range, 16–24 hours) and high
quality interpretable signals were obtained in all
subjects. A representative 12 lead ECG illustrat-
ing several high-risk ECG parameters is shown in
Figure 1. The average HR over the recording period
was 72 ± 10 bpm (range, 52–116). Only 4 of the 15
(27%) high-risk ECG parameters could be assessed
in all subjects (Table 1), and only 84 subjects (42%)
could have all high-risk ECG parameters assessed.
The frequency of high-risk ECG parameters in this
population is shown in Table 3 and Figure 2.

Atrial Fibrillation, NSVT, fQRS,
Persistent RV Pacing (n = 198)

The intrinsic rhythm was sinus in 178 subjects
(90%) with atrial fibrillation in the remaining 20
(10%). An episode of NSVT occurred in almost
half of the subjects (n = 94, 48%) and a majority
had fragmented QRS complexes (n = 102, 52%). A
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Figure 1. Representative Resting ECG. A high resolution resting 12-lead ECG with
multiple high-risk parameters including: atrial fibrillation, prolonged QRS duration,
prolonged QTc, and fragmented QRS complexes.

pacemaker was present in 175 (88%), and 62 sub-
jects (35%) had at least some ventricular pacing
during monitoring. Persistent ventricular pacing
was present in 43 subjects (22%) of whom 9 had
single-chamber RV pacing (a high-risk parameter)
and the remaining 34 had BiV pacing (not a high-
risk parameter).

Q Waves, LVH, LBBB (n = 155)

As expected in a population with ischemic
cardiomyopathy, pathologic Q waves were fre-
quently present (at least one pathologic Q wave in
139 subjects (90%); however, the high-risk param-
eter of Q waves in each coronary distribution was
uncommon (n = 15, 10%). A LBBB ventricular
depolarization pattern was relatively uncommon
(n = 11, 7%), at least in part related to the fre-
quency of BiV pacing. Although there was echocar-
diographic evidence of LVH in 158 subjects (80%),
ECG criteria were only present in 16 subjects
(10%).

Dynamic ST Depression (n = 144)

Dynamic ST depression was associated with the
highest odds/hazard ratio from the previous stud-
ies.17 It was quite common in this cohort, occurring
in almost half of those in whom it could be assessed
(n = 69, 48%).

Min HR, PVCs, QRSd, HR Variability
(n = 141)

The average minimum HR was 52 ± 10 bpm
(range, 22–91), with 12 subjects (9%) having a min-
imum HR ≥65 bpm. A prolonged QRSd (>110 ms)
was present in two thirds of the subjects (n = 94,
67%) and frequent PVCs occurred in 62 (44%).
At least 1 of the 3 high-risk thresholds for HRV
(SDNN, rmsSD or rr50) was exceeded in 22 sub-
jects (16%).

Prolonged QTc and Steep QT/RR Slope
(n = 130)

QTc prolongation was present in 32 subjects
(25%), and 49 (38%) had an abnormally steep
QT/RR slope.

Spatial QRS-T Angle (n = 84)

Although spatial QRS-T angle could only be as-
sessed in a minority of the total cohort, it was ab-
normal in most of them (n = 61, 73%).

Ubiquity of High-Risk ECG Parameters

Among the entire cohort, at least one high-risk
ECG parameter was almost universally present
(n = 191, 97%). The average subject had 3.4 ±
1.8 (range, 0–8) high-risk ECG parameters among
the 11.7 ± 4.5 (range, 4–15) parameters capable of
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Table 3. Prevalence of Cardiac Death High Risk ECG Features in Patients with Ischemic Cardiomyopathy
(n = 198)

Cutoff Value
for Risk of Abnormal

Parameter Mean ± SD (Range) Cardiac Death n (%) Prevalence∗(%)

All patients (n = 198)
Atrial fibrillation (count) – Present 4 20 (10.1) 10.1
Nonsustained VT (count) 4.9 ± 11.1 (0-61) 1 episode of ≥3

consecutive PVCs 15
94 (47.5) 47.5

Fragmented QRS (count) 1.5 ± 2.1 (0-8) 2 leads with fQRS in
same territory 31

102 (51.5) 51.5

Pacing (% of recording) 77.2 ± 37.8 (1-100) Persistent RV pacing 18 9 (4.5) 4.5
Excluding Persistent RV &

BiV pacing (n = 155)
Q Waves (count) 1.8 ± 2.0 (0-9) One Q wave in each

territory 5
15 (9.7) 7.6

Left ventricular
hypertrophy (count)

– Present per Cornell 19 16 (10.3) 8.1

Left Bundle Branch Block
(count)

– Present per AHA 20 11 (7.1) 5.6

Excluding LBBB or persistent
RV & BiV pacing (n = 144)
Dynamic ST depression
(count)

– >1 mm for 1 min in 2
consecutive leads 21

69 (47.9) 34.8

Excluding atrial fibrillation
or persistent RV & BiV
pacing (n = 141)
Elevated minimum HR
(beat/min)

52 ± 10 (22-91) ≥65 22 12 (8.5) 6.1

Frequent premature
Ventricular complexes
(count)

250 ± 155 (0-880) ≥10 PVCs per hr 15 62 (44.0) 31.3

Prolonged QRS duration
(ms)

125 ± 27 (67-210) >110 12 94 (66.7) 47.5

Low heart rate variability 22 (15.6) 11.1
RR50 (%) 12 ± 19 (0-91) <0.75 23−24or

rmsSD (ms) 73 ± 67 (1-591) <15 23−24 or
SDNN (ms) 110 ± 52 (0-377 <50 23−24

Excluding atrial fibrillation,
LBBB or persistent RV &
BiV pacing (n = 130)
Prolonged QTc (ms) 447 ± 40 (350-561) >450 men or >470

women2
32 (24.6) 16.2

Steep QT/RR slope (value) 0.21 ± 0.12 (-0.4-0.9) >0.22 13 49 (37.7) 24.7
Excluding atrial fibrillation,

LBBB, persistent RV & BiV
pacing, or wide (≥120ms)
QRS complexes (n = 84)
Wide QRS-T angle
(degrees)

122 ± 38 (12-176) >100 7 61 (72.6) 30.8

Total
Number of assessable

features per patient
11.7 ± 4.5 (4-15) – – –

Number of positive features
per patient

3.4 ± 1.8 (0-8)

HR = heart rate; VT = ventricular tachycardia; RV = right ventricle; BiV = biventricular; LBBB = left bundle branch block. (∗)
Prevalence is adjusted to the overall sample (n = 198).
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Figure 2. Prevalence of High-Risk ECG Parameters in PAREPET Subjects. The
prevalence of each of the 15 high-risk ECG parameters is shown as both a per-
cent of the entire population (green bars, n = 198) and as a percent of those
subjects without exclusion criteria for analysis of that particular parameter
(gold bars, n = 84–198).
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Figure 3. Frequency of High-Risk ECG Parameters in PAREPET Subjects. The
histogram on the left illustrates the number of positive high-risk parameters
among each of the PAREPET subjects (n = 198). Due to the frequent presence
of exclusion criteria there were a variable number of high-risk ECG parameters
that could be evaluated in individual subjects. Therefore, the histogram on
the right illustrates the prevalence of high-risk positive parameters among
those that could be assessed in each subject. There were 3.4 ± 1.8 high-risk
ECG parameters per subject, corresponding to a 34% frequency of positive
parameters among those that could be assessed.

being assessed (Fig. 3, left graph). Thus, there was
a 34% prevalence of assessable high-risk ECGs pa-
rameters in this population (Fig. 3, right graph). Not
surprisingly given our experience with ischemic

cardiomyopathy,28 conduction delay abnormalities
(prolonged QRSd and fQRS) were among the most
prevalent parameters in the population, followed
by arrhythmias (NSVT and PVCs; Fig. 2).
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There were no significant correlations between
the number of high-risk ECG parameters and sub-
jects’ age, sex, angina class, NYHA class, left
ventricular end-systolic or end-diastolic volumes,
severity of mitral regurgitation, or EF.

DISCUSSION

Assessment of ECG Parameters
Associated with Cardiac Death

and/or SCD

The ECG parameters evaluated in this investiga-
tion were primarily derived from large, relatively
low-risk cohorts, in which numerous exclusion cri-
teria were applied in order to assess the parame-
ters in all subjects.1–6 Although this was useful for
determining relevant risk factors in a population at
large, the current study highlights the potential lim-
itations of applying a similar approach to specific
groups of patients. It is obviously unsatisfying and
somewhat unrealistic to simply ignore the majority
of subjects with potentially confounding exclusion
criteria. However, the methodology of most prior
studies has not suggested a rational approach for
risk stratification when particular parameters can-
not be assessed.

One progressive solution would be to more
broadly apply ECG parameters to subjects with
previously excluded conditions. This approach has
been successfully applied to fQRS; which was ini-
tially validated in subjects with QRSd <120 ms,29

but then subsequently shown to have predictive
potential in the presence of prolonged QRSd and
even ventricular pacing (with modest modifications
in criteria).12 A similar strategy is likely to be useful
for including subjects with atrial fibrillation in the
assessment of QRSd, QTc, QT/RR slope, and QRS-T
angle; and specific criteria, algorithms, and valida-
tion studies are currently under development.

Another appealing strategy is the use of combi-
nations of ECG parameters, as exemplified by the
Simplified ECG score.5 This recently published ap-
proach took full advantage of digitized ECGs with
automated measures to evaluate the predictive po-
tential of 12 classic ECG abnormalities: right and
LVH, right bundle branch block (RBBB) and LBBB,
prolonged QRSd, Q waves, ST depression, atrial
fibrillation, left atrial abnormality, right and left
axis deviation, and prolonged QTc. In this large
study of veterans, each ECG abnormality was more
prevalent in nonsurvivors than survivors, and there

was a progressive increase in cardiac mortality as a
function of the number of abnormalities. Further-
more, the authors suggested that a cut-point of five
abnormalities yielded the greatest discriminatory
potential. However, in contrast to the present in-
vestigation, previous validation as an independent
predictor of cardiac mortality was not required
of the ECG parameters included in their model.
Nevertheless, both univariate and multivariate sta-
tistical analyses showed that this simple score
outperformed other scoring systems including the
Minnesota code,30 Cardiac Injury Index Dam-
age Score (CIIS),31 and the Simplified Selvester
Score.32

Application of ECG Risk Factors
in a High-Risk Cohort

The ECG is particularly attractive for risk strati-
fication in view of its almost universal availability
and low cost; however, there are fundamental rea-
sons why ECG parameters may be less predictive
in a high-risk cohort than a more general, low risk
population. Consistent with this hypothesis, atrial
fibrillation has reliably been shown to be an inde-
pendent predictor of cardiac mortality in low risk
groups; however, this association is reduced among
those with poor LV function, and is absent in se-
vere LV dysfunction.33 In addition, ECG predictors
of cardiac mortality may merely detect underly-
ing heart disease, but by definition this is univer-
sally present in a high-risk cohort. For example, the
majority of subjects with ischemic cardiomyopa-
thy in this study had abnormal parameters for in-
farction/scarring (fQRS) and ventricular irritability
(PVCs and NSVT). Furthermore, medications com-
monly prescribed for cardiac patients may directly
affect some ECG parameters or at least alter their
predictive potential (i.e., β-blockers effects on min
HR and HR variability). Finally, since two-thirds of
deaths among patients with ischemic cardiomyopa-
thy are attributable to a cardiac etiology, the cause-
specific mechanism of death (sudden vs nonsudden
death) is a more clinically important end-point than
simply cardiac mortality.

Despite these potential limitations, the resting
ECG has been shown to be useful for predicting
risk of arrhythmic death and total mortality in a ret-
rospective analysis of a high-risk cohort. The Multi-
center Unsustained Tachycardia Trial (MUSTT) en-
rolled patients with coronary artery disease, NSVT,
and an EF <40% and reported that both arrhythmic
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death and total mortality could be predicted by
prolonged QRSd from a nonspecific intraventricu-
lar conduction delay or LBBB (but not RBBB); and
LVH was the only ECG predictor of arrhythmic
death independent of total mortality.34 However,
the Multicenter Automatic Defibrillator Implanta-
tion Trial II (MADIT-II) investigators also evaluated
ECG parameters in a high-risk cohort, and found
that neither prolonged QRSd (>120 ms), LBBB,
RBBB nor atrial fibrillation were associated with
appropriate implantable defibrillator therapy.35 Be-
cause the resting ECG used for these prior analyses
were obtained before ICD implantation, the poten-
tially confounding influences of ventricular pacing
were avoided. However, in contrast to this study,
these previous investigations were limited to eval-
uation of only a few parameters that could be ob-
tained from the resting ECG in all subjects.

Study Limitations and Clinical
Implications

Since the PAREPET study is ongoing, an asso-
ciation between ECG parameters and clinical end-
points remains to be evaluated. This reality also
precludes our ability to directly evaluate the pre-
dictive potential of individual ECG parameters that
would undoubtedly result in a smaller list of inde-
pendent risk factors. Nevertheless, this does not di-
minish the novelty and potential importance of our
findings regarding the frequency of ECG exclusion
criteria in a high-risk cohort (i.e., ventricular pac-
ing, atrial fibrillation and prolonged QRSd) and the
ubiquity of previously validated ECG parameters
of risk.

Although the Mason-Likar electrode configura-
tion improves signal quality and patient com-
fort during ambulatory monitoring, it remains a
methodological limitation because moving the limb
leads from the distal limbs to the torso can alter
the ECG. Comparison studies between the stan-
dard electrode placement and the Mason-Likar
configuration reveal that in particular inferior in-
farction diagnoses were confounded,36,37 and an
American Heart Association scientific statement
cautions that there are differences in the ECG
waveforms between the configurations.14,36 Nev-
ertheless, experts in electrocardiography have re-
cently suggested that the standard 12-lead ECG
could be acquired with the Mason-Likar configu-
ration because many criteria continue to be devel-
oped from tracings obtained during invasive car-

diac electrophysiology studies, exercise stress tests,
and ambulatory monitoring; all of which use torso
positioned limb leads.38

In our high-risk cohort with ischemic cardiomy-
opathy, only 4 of 15 previously validated ECG pa-
rameters could be assessed in all subjects. Thus,
the prospective use of these or similar parameters
as has been previously validated would require the
exclusion of a large segment of the population. Fur-
thermore, since nearly every subject had at least
one high-risk ECG parameter, any clinically ap-
plicable strategy will likely require a combination
of parameters, which will only exacerbate the in-
fluence of exclusion criteria. Although future re-
search will almost certainly permit the application
of ECG parameters to subjects with previously ex-
cluded conditions (as discussed above), there will
undoubtedly be some parameters that cannot be
assessed in all subjects. Thus, creative approaches
(e.g., neural networks,39 alternate scoring strategies
in subgroups, etc.) in more inclusive populations
will be necessary to address this issue. It should
also be acknowledged that although most interest
in applying ECG parameters to high-risk subjects
has been to predict arrhythmic events for the cost-
effective targeting of ICDs, it may be equally im-
portant to identify a subgroup at high-risk of heart
failure (nonsudden) death for more aggressive med-
ical and/or resynchronization therapy.
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