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Abstract
OBJECTIVES—We evaluated the prognostic significance of prolonged QRS duration (QRSd)
relative to arrhythmic outcomes in medically- and implantable cardioverter-defibrillator (ICD)-
treated patients enrolled in the Multicenter Automatic Defibrillator Implantation Trial (MADIT) II.

BACKGROUND—There is conflicting literature on the relationship between prolonged QRSd and
arrhythmic events, including sudden cardiac death (SCD), in heart failure patients with or without
ICDs.

METHODS—Using a Cox-proportional hazards model adjusting for ejection fraction (EF), heart
failure class, and blood urea nitrogen, we estimated the association of prolonged QRSd ≥ 140
milliseconds with SCD in the medically-treated arm, and SCD or first ICD therapy for rapid
ventricular tachycardia/fibrillation (VT/VF, cycle length ≤ 260 ms) in the ICD-treated arm.

RESULTS—In the medically-treated arm, prolonged QRSd was a significant independent predictor
of SCD (HR 2.12 [95% CI 1.20–3.76], p = 0.01). However, in the ICD-treated arm, prolonged QRSd
did not predict SCD or rapid VT/VF (HR 0.77 [95% CI 0.47–1.24], p = 0.28). The difference in the
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prognostic effect of prolonged QRSd in these two groups was significant (p<0.01). These results
were not affected by varying the cycle length defining rapid VT/VF or the duration defining QRSd
prolongation.

CONCLUSIONS—In patients with prior myocardial infarction and EF ≤ 30%, prolonged QRSd
does not predict SCD/VT/VF in ICD-treated patients, but does predict SCD in medically-treated
patients. This underscores the non-equivalence of VT/VF and SCD, and the need for caution in
inferring risk of SCD when using non-randomized databases that include only patients with ICDs.
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INTRODUCTION
Several studies have demonstrated that prolonged QRS duration (QRSd) is associated with
increased mortality in medically-treated patients with heart failure (1). However, the
association between prolonged QRSd and sudden cardiac death (SCD) is less certain (2–4).
While the largest study to date examining the relationship of prolonged QRSd to SCD reported
a significant independent association (4), other smaller studies have had inconsistent results
(2,3). Moreover, there is conflicting literature on the relationship of prolonged QRSd to
arrhythmic events, including SCD, in patients treated with implantable cardiovertor-
defibrillators (ICDs), with the largest study to date showing that prolonged QRSd does not
predict VT/VF in patients with ICDs (5), and smaller studies reporting contradictory results
(6–12).

Defining the relationship between prolonged QRSd and SCD in patients with heart failure is
crucial given the increased interest in risk stratification and assessing ICD efficacy in this
population (13). Potential explanations for the conflicting literature on prolonged QRSd and
arrhythmic outcomes in medically- as well as ICD-treated patients have included differences
in study design, definition of prolonged QRSd, and the risk profiles of the study populations.
Furthermore, studies in ICD-treated populations have not included direct comparisons to
comparable medically-treated populations.

To overcome these limitations and address these apparently contradictory findings, we used
the randomized Multicenter Automatic Defibrillator Implantation Trial II (MADIT-II) to
compare the prognostic importance of prolonged QRSd in medically- and ICD-treated patients
drawn from the same population in the same study.

METHODS
Patient population

The design, protocol, and results of MADIT-II have been previously described (14,15).
MADIT-II was a randomized controlled trial conducted in 76 hospital centers that enrolled
1,232 patients randomized to ICD implant plus conventional medical therapy versus
conventional medical therapy alone in a 3:2 ratio. Patients 21 years or older with a left
ventricular ejection fraction (LVEF) ≤ 30 % were eligible if they had a myocardial infarction
greater than one month or coronary revascularization greater than 3 months before entry. There
were no electrophysiologic or arrhythmic entry criteria. During an average follow-up of 20
months, total mortality was 19.8% in the conventional arm and 14.2% in the ICD arm (hazard
ratio [HR] 0.69 [95% CI 0.51 to 0.93], p=0.016).
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Endpoints
Medically-treated patients—SCD as determined by an independent endpoint review
committee was used as the outcome for patients in the medically-treated arm. SCD was
ascertained using a modified Hinkle-Thaler classification system (16). SCD was defined as a
patient who died suddenly and unexpectedly within 1 hour of cardiac symptoms, during sleep,
or within 24 hours after last being seen alive. For this analysis, patients with indeterminate or
unknown causes of death were not included.

ICD-treated patients—In the ICD-treated patients, we endeavored to use an analogous
endpoint to SCD in the medically-treated patients (i.e. patients who either experienced SCD
or would have in the absence of appropriate ICD therapy). Thus, we defined the endpoint as
the first occurrence of either SCD as defined above or the first appropriate therapy (shock or
anti-tachycardia pacing) for rapid ventricular tachycardia/fibrillation (VT/VF). Appropriate
ICD therapy for rapid ventricular tachyarrhythmias has been previously used by several
investigators as a surrogate for SCD in various cardiac conditions (17–19). In the present
analysis, we used a threshold of ≤ 260 milliseconds (ms) to define rapid VT/VF because it
yielded a combined outcome rate in the ICD arm (of rapid VT/VF and SCD) equivalent to that
of SCD in the medically-treated arm. An independent expert panel reviewed all stored ICD
internal electrograms of suspected VT/VF episodes to verify their ventricular origin. The
episodes were identified in terms of cycle-lengths recorded by the ICD and were also manually
checked by examining the print-out electrograms.

Statistical analysis
Baseline clinical characteristics of medically- and ICD-treated patients were compared using
the chi-squared test for categorical variables and the student’s t-test for continuous variables.

Univariate analyses
Medically-treated arm: Freedom from SCD was assessed using the Kaplan-Meier method
with patients dichotomized by QRSd ≥ 140 ms. This threshold was arbitrarily chosen a
priori. Recognizing that prior studies evaluating the prognostic value of prolonged QRSd used
thresholds ranging from 120 to 150 ms (2–12), we assessed the effect of this arbitrary threshold
on our findings in additional sensitivity analyses (see below).

ICD-treated arm: Freedom from rapid VT/VF or SCD was assessed in a similar fashion, with
patients in this arm also dichotomized by QRSd ≥ 140 ms.

Multivariate analyses
Medically-treated arm: Multivariate Cox proportional hazards regression analysis was used
to assess the association of a prolonged QRSd (≥ 140 ms) with the risk for SCD, adjusting for
NYHA class (≤ or > NYHA Class II), LVEF (≤ or > 25 %), and blood urea nitrogen (BUN)
(≤ or > 25 mg/dL). In a prior MADIT-II secondary analysis, all three variables were identified
as risk factors for SCD (20). Patients who died from non-sudden cardiac death causes were
censored.

ICD-treated arm: Multivariate Cox proportional hazards analysis was used in a similar
fashion to assess the association of a prolonged QRSd (≥ 140 ms) with the risk of rapid VT/
VF or SCD adjusting for NYHA class, LVEF, and BUN.

Significance of effect—The adjusted hazard ratios for prolonged QRSd in each arm were
compared by examining the statistical significance of the interaction term of treatment
assignment-by-prolonged QRSd in a Cox proportional hazards model.
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Sensitivity analyses
In sensitivity analyses, we tested the effects of using different definitions of the endpoint in
the ICD arm. We varied the VT/VF threshold cycle length defining the endpoint from 240 ms
to 320 ms. Sensitivity analyses were also done including and excluding SCD from the combined
outcome in the ICD-treated arm. Additionally, we examined the effect of varying QRSd cut-
offs at several values, from 120 ms to 150 ms.

For all analyses, a threshold two-sided p-value of 0.05 was used to determine statistical
significance. The authors had full access to the data and take responsibility for its integrity. All
authors have read and agree to the manuscript as written.

RESULTS
Baseline characteristics

Twenty-four patients (10 in the ICD group and 14 in the medical treatment group) were
eliminated from the analysis for indeterminate or unknown cause of death. Baseline patient
characteristics and medication use for the two arms are shown in Table 1. Examined clinical
and electrocardiographic characteristics did not differ significantly between the two groups,
except for QRSd.

Outcomes
In the medically-treated arm, the SCD rate was 10.3% (49/476). In the ICD-treated arm, the
combined outcome of SCD or first appropriate ICD therapy for rapid VT/VF (cycle length ≤
260 ms) was 10.5% (77/732).

Univariate analysis
Kaplan-Meier curves dichotomized by QRSd depicting time to SCD in medically-treated
patients and SCD or first appropriate ICD therapy for rapid VT/VF in ICD-treated patients are
shown in Figure 1 and Figure 2, respectively. In the medically-treated arm, the 138 patients
(29%) with QRSd ≥ 140 ms exhibited over a two-fold chance of SCD (HR 2.26 [95% CI 1.29–
3.98], log-rank p=0.005). However, in the ICD-treated arm, the 255 patients (35%) with QRSd
≥ 140 ms showed no difference in time to SCD or first appropriate ICD therapy for rapid VT/
VF compared to those with QRSd < 140 ms (HR 0.91 [95% CI 0.56–1.46], log-rank p=0.68).

Multivariate analysis
As shown in Table 2, multivariate Cox proportional hazards modeling adjusting for NYHA
class, LVEF, and BUN did not appreciably change the estimated hazard ratios for prolonged
QRSd in either the medically- or the ICD-treated arm. Prolonged QRS duration was
independently associated with a statistically significant increased risk of the outcome in the
medical arm, but not the ICD arm. Examination of the treatment-by-QRSd interaction term
demonstrated that the difference between the hazard ratios of the two arms was statistically
significant (p<0.01). Furthermore, multivariate analysis adjusting for additional covariates
(age, gender, prior coronary artery bypass surgery, and baseline use of amiodarone, β-blockers,
digoxin, and diuretics) did not appreciably alter the estimated hazard ratios in either arm, nor
did it change the significance of the interaction term (medically-treated arm, HR 1.97 [95% CI
1.07–3.63]; ICD-treated arm, HR 0.71 [95% CI 0.43–1.16]; interaction term p-value=0.01).

Sensitivity analyses
To demonstrate the consistency of our findings over a range of VT/VF cycle length cut-offs,
we performed sensitivity analyses varying the definition of the rapid VT/VF outcome in the
ICD-treated arm. Details of the composition of various combined rapid VT/VF/SCD outcomes
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in the ICD-treated arm by varying VT/VF cycle length cut-offs are shown in Table 3. As longer
cycle lengths (i.e. slower VT) were included in the outcome, the hazard ratio for VT/VF
increased only marginally (Table 4). The overall ability of prolonged QRSd to predict rapid
VT/VF events remained poor despite varying cycle length cut-offs defining appropriate therapy
for rapid VT/VF. Excluding SCD in the endpoint definition did not appreciably alter these
findings (Table 4) nor did examining SCD alone as the endpoint in the ICD-treated arm (not
shown). Of the patients that died of SCD in the ICD-treated arm, seventeen (3.6%) had a QRSd
< 140 ms and eleven (4.3%) a QRSd ≥ 140 ms. Furthermore, the findings were consistent
across different thresholds defining prolonged QRSd (Figure 3). The overall prognostic ability
of prolonged QRSd to predict rapid VT/VF/SCD in the ICD-treated arm did not improve with
more prolonged QRSd (up to 150 ms) even as these more prolonged thresholds conferred more
risk for SCD in the medically-treated arm (Figure 3).

DISCUSSION
To our knowledge, this is the first analysis to compare the association of prolonged QRSd to
arrhythmic outcomes in medically-treated patients versus a comparable ICD-treated
population. It is also the largest study to date to examine the relationship between prolonged
QRSd and appropriate ICD therapy in patients with ICDs. Using data from the MADIT-II
study, we observed that prolonged QRSd is highly predictive for SCD in medically-treated
patients, but not at all predictive of VT/VF/SCD in a comparable ICD-treated population. The
difference in the prognostic importance of prolonged QRSd between the two groups is
statistically significant and robust to sensitivity analysis. Results were similar regardless of the
duration defining QRSd prolongation, the cycle length cut-off used to define rapid VT/VF, or
whether or not SCD was counted along with the VT/VF events in the ICD-treated arm.

Contribution to existing literature
While there is consistent evidence that QRSd is an independent predictor of total mortality,
studies examining the relationship of prolonged QRSd to arrhythmic mortality in non-ICD-
treated patients have yielded less consistent results (1–3). However, the largest of these prior
studies, a subanalysis of the Multicenter Unsustained Tachycardia Trial (MUSTT) trial, found
a significant and independent relationship between prolonged QRSd and SCD in medically-
treated patients (4), consistent with our present observation in MADIT-II.

There has also been conflicting data on the ability of QRSd to predict ventricular
tachyarrhythmic events requiring ICD therapy in ICD-treated populations (5–12). The largest
prior study, a sub-analysis of 431 ICD-treated patients in the PainFREE II study, found no
association between prolonged QRSd and rapid VT/VF events (5). Our study confirms their
findings, albeit in a sicker, more uniform, and larger (n=732) patient population, and is able to
make direct comparisons with a near-identical control population. While other investigators
have reported that prolonged QRSd did predict VT/VF events in patients with ICDs (7,9–12),
these studies were smaller and had less consistent follow-up rendering them more vulnerable
to ascertainment bias.

Reconciling this conflicting literature is limited by the fact that these studies were done in
different populations with varying degrees of heart failure and risk of arrhythmic outcomes.
This is relevant given the recognition that the prognostic value of prolonged QRSd may be
closely related to the extent of underlying heart disease (21). In addition, previous studies relied
on a single cut-off for defining prolonged QRSd or VT/VF. The present study overcomes these
limitations by demonstrating consistency across various definitions for prolonged QRSd and
rapid VT/VF, and importantly, by comparing the prognostic significance of prolonged QRSd
relative to arrhythmic outcomes in two near-identical medically- and ICD-treated populations.
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Potential explanations/implications
Based on prior comparisons of randomized trials testing ICDs in various populations, it is well
recognized that VT/VF is much more common than SCD, indicating that many ventricular
arrhythmias terminate spontaneously (22). Thus, one possible explanation for our findings is
that prolonged QRSd may not be associated with a greatly increased risk of VT/VF but may
be associated with a higher fatality rate when VT/VF does occur (in the absence of ICD
treatment). If tachyarrhythmias that occur in patients with prolonged QRSd were more
complex, more likely to degenerate, and less likely to spontaneously terminate, then a higher
rate of SCD in these patients would be expected (in the absence of ICD therapy) even if their
rate of VT/VF were similar to patients with normal QRSd. Furthermore, the observation that
prolonged QRSd is prognostically related to SCD but not to VT/VF implies that prolonged
QRSd may not be mechanistically related to VT/VF, but may be related to other etiologies of
SCD (e.g. electromechanical dissociation or asystole). Regardless of the explanation, the
results of our study underscore the non-equivalence of VT/VF events and SCD. The results
also underscore the need for caution in inferring risk of SCD, and the likelihood of benefiting
from ICDs, using non-randomized databases that include only patients with ICDs, since the
presence or absence of higher risk for VT/VF does not automatically imply the presence or
absence of a higher risk of treatable SCD.

Study limitations
This is a post-hoc analysis of a clinical trial, and therefore we acknowledge that the results may
be due to chance. However, the effect is very strong and robust to multiple sensitivity analyses.
Second, we recognize that classification of mode of death in MADIT-II was unblinded and
could have resulted in a classification bias in favor of a higher rate of SCD in the medically-
treated arm. This observation, however, does not jeopardize the major conclusions of our study,
as any misclassification errors should be randomly distributed among all QRS widths.
Therefore, while misclassification errors might have affected the rates in the medical versus
the ICD arm, they should not affect the hazard ratio associated with prolonged QRSd within
each of the treatment arms (i.e. a higher rate of SCD does not imply a higher hazard ratio for
prolonged QRSd). Likewise, errors in the storage and interrogation of ICD therapy for patients
in the ICD-treated arm would not affect the risk of outcome associated with prolonged QRSd
since these missed episodes would also be distributed randomly among all QRS widths.

Conclusions
This analysis of the MADIT II trial indicates that prolonged QRSd is associated with an
approximately two-fold increase in SCD in medically-treated patients, but not with any
increase in ICD-treated VT/VF events or SCD in patients with an implanted defibrillator. If
confirmed in other randomized databases, the finding suggests that ICD-treated VT/VF events
may be a poor surrogate marker for SCD in patients with ischemic cardiomyopathy. Future
work should examine possible mechanisms by which prolongation of QRSd might increase
the risk of SCD without increasing the risk of VT/VF.
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Figure 1. Time to sudden cardiac death in medically-treated arm by QRSd < or ≥ 140 milliseconds
(ms)
Kaplan-Meier curve of freedom from sudden cardiac death in medically-treated arm in patients
with QRSd ≥ 140 milliseconds (ms) compared to patients with QRSd < 140 ms.
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Figure 2. Time to rapid VT/VF/SCD in ICD-treated arm by QRSd < or ≥ 140 milliseconds
Kaplan-Meier curve of freedom from rapid VT/VF/SCD in ICD-treated arm in patients with
QRSd ≥ 140 milliseconds (ms) compared to patients with QRSd < 140 ms.
VT/VF = ventricular tachycardia/ventricular fibrillation; SCD = sudden cardiac death.
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Figure 3. Sensitivity analysis of hazard ratios in ICD-arm by varying cycle length cut-off used to
define the combined rapid VT/VF/SCD outcome, and in both arms by varying the definition of
prolonged QRSd
The p-values of QRSd as a main effect for each VT/VF cycle length definition are all not
statistically significant and not displayed. The p-values displayed above are of the interaction
term of treatment assignment-by-prolonged QRS duration for each VT/VF cycle length
definition. Each signifies the statistical difference between its corresponding hazard ratio
compared to the hazard ratio of SCD in the medically-treated arm for patients within each
dichotomized QRSd category. A p-value threshold of 0.05 was used for this purpose.
VT/VF = ventricular tachycardia/fibrillation; SCD = sudden cardiac death; s = second; MED-
arm = medically treated arm; ICD arm = implantable cardioverter defibrillator-treated arm.
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Table 1
Baseline characteristics of medically- and ICD-treated patients in the MADIT-II study*.

Medical arm (n=476) ICD arm (n=732) P value

Age in years (mean ± SD) 64 ± 10 64 ± 10 1

Male (%) 86 84 0.4

NYHA functional class (%) 0.4

  I 39 34

  II 35 36

  III 22 26

  IV 4 4

Treatment for hypertension (%) 53 53 0.9

Diabetes mellitus (%) 37 33 0.2

Current or former smoker (%) 83 79 0.2

Coronary bypass surgery (%) 56 58 0.6

Coronary angioplasty 42 46 0.2

Interval > 6 months between most recent MI and
enrollment (%)

87 88 0.6

LVEF in percent (mean ± SD) 23 ± 5 23 ± 5 0.9

BUN > 25 mg/dL (%) 32 29 0.2

Creatinine ≥ 1.4 mg/dL (%) 30 26 0.1

Atrial fibrillation (%) 8 8 1

QRS duration in seconds (mean ± SD) 0.120 ± 0.03 0.124 ± 0.04 0.04

QRS duration ≥ 140 milliseconds (%) 29 35 0.03

Nonspecific conduction defect (%) 26 23 0.2

RBBB (%) 7 9 0.3

LBBB (%) 17 18 0.6

QTc > 480 milliseconds (%) 33 33 0.9

Medications at baseline (%)

Antiarrhythmic (class I) 3 2 0.6

ACE inhibitor or ARB 89 88 0.7

Amiodarone 7 7 0.7

Aspirin 72 68 0.2

Beta-blocker 61 64 0.3

Calcium channel blocker 14 12 0.3

Digitalis 57 59 0.3

Diuretic 77 73 0.1

Statin 62 64 0.5

*
The MADIT-II cohort was modified by eliminating 24 patients (10 in the ICD group and 14 in the medical treatment group) for indeterminate or unknown

cause of death.

MADIT-II = Multicenter Automatic Defibrillator Trial II; ICD = implantable cardioverter-defibrillator; SD = standard deviation; NYHA = New York
Heart Association; BUN = blood urea nitrogen; MI = myocardial infarction; LVEF = left ventricular ejection fraction; RBBB = right bundle branch block;
LBBB = left bundle branch block; ACE = angiotensin converting enzyme; ARB = angiotensin receptor blocker.
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Table 2
Adjusted hazard ratios for risk of SCD in medically-treated arm and risk of rapid VT/VF or SCD in ICD-treated arm
for patients with QRS duration of ≥ 140 milliseconds (ms) versus those with QRS duration of < 140 ms.

Medical arm ICD arm P value (interaction term)*

HR QRSd ≥ 140 ms 2.12 0.77 <0.01

95 % CI 1.20–3.76 0.47–1.24

P value (main effect of QRSd) 0.01 0.28

*
The p-value of the interaction term of treatment assignment-by-prolonged QRS duration signifies the statistical difference between the two hazard ratios.

A p-value threshold of 0.05 was used for this purpose. Rapid VT/VF was defined as any tachyarrhythmia with cycle length of ≤ 260 milliseconds.

ICD = implantable cardioverter-defibrillator; ms = milliseconds; VT/VF = ventricular tachycardia/ventricular fibrillation; SCD = sudden cardiac death;
HR = hazard ratio; CI = confidence interval; ms = milliseconds.
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