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Background: Cardiac resynchronization therapy (CRT)
is effective in reducing clinical events in patients with heart
failure and prolonged QRS interval. Studies using sur-
rogate measures and subgroup analysis of large trials sug-
gest that only patients with severely prolonged QRS ben-
efit from CRT. Our objective was to determine whether
the effect of CRT on adverse clinical events (eg, death,
hospitalizations) is different in patients with moder-
ately (ie, 120-149 milliseconds) vs severely (ie, =150 milli-
seconds) prolonged QRS duration.

Methods: Searches of MEDLINE, SCOPUS, and Coch-
rane databases were conducted for randomized con-
trolled CRT trials. Trials reporting clinical events ac-
cording to different QRS ranges were identified. Five
randomized trials fulfilling the inclusion criteria (total
patients, n=5813) were included in the meta-analysis.

Results: In patients with severely prolonged QRS, there
was a reduction in composite clinical events with CRT
(risk ratio, 0.60; 95% confidence interval [CI], 0.53-

0.67) (P<.001). In contrast, there was no benefit of CRT
in patients with moderately prolonged QRS (RR, 0.95;
95% CI, 0.82-1.10) (P=.49), resulting in a significantly
different impact of CRT in the 2 QRS groups (P <.001).
There was a significant relationship between baseline QRS
duration and risk ratio (P<<.001) with benefit of CRT
appearing at a QRS of approximately 150 milliseconds
and above. The differential response of the 2 QRS groups
was evident for all New York Heart Association classes.

Conclusions: Cardiac resynchronization therapy was ef-
fective in reducing adverse clinical events in patients with
heart failure and a baseline QRS interval of 150 millisec-
onds or greater, but CRT did not reduce events in pa-
tients with a QRS of less than 150 milliseconds. These
findings have implications for the selection of patients
for CRT.
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EART FAILURE CURRENTLY
affects approximately 6
million people in the
United States and 6.5 mil-
lion people in Europe.'?
Not only does heart failure contribute to
death and poor quality of life, but it also
contributes to a significant utilization of
resources, with costs related to heart fail-
ure estimated to be in excess of $39 bil-
lion in 2010 in the United States.* Over the
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past decade, in addition to medical therapy,
implantable device therapy has become a
cornerstone of the treatment for this dis-
ease. Cardiac resynchronization therapy
(CRT), also known as biventricular pac-
ing, has been shown to improve hemody-
namics, promote reverse remodeling, and
reduce clinical events including death in

patients with prolonged QRS duration on
the electrocardiogram.>®

Traditionally, treatment guidelines en-
dorsed by the American College of Cardi-
ology, American Heart Association, Heart
Rhythm Society, European Society of Car-
diology (ESC), and Heart Failure Society of
America (HFSA) recommended CRT in pa-
tients with systolic heart failure, New York
Heart Association (NYHA) class 3 or 4

See also pages 1494
and 1500

See Editor’s Note
at end of article

symptoms, and a QRS duration of 120 mil-
liseconds or greater.”'° About one-third of
patients with systolic heart patients have a
QRS duration above this cutoff of 120 mil-
liseconds.'** Soon after CRT became a
popular treatment for heart failure, it was
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recognized that one-third to one-half of patients receiving
CRT based on the guidelines did not respond to this treat-
ment.'*!”> The recommendation for the QRS cutoff of 120
milliseconds or greater for implantation of CRT devices was
based on the entry criteria of 2 major trials.'®'” Recently,
the HFSA'™® and ESC" guidelines for management of heart
failure were revised in response to the MADIT-CRT trial.*
These new guidelines introduced a new recommendation
for CRT in NYHA 1 and/or NYHA 2 systolic heart failure,
but this time with a new QRS cutoff of greater than 150
milliseconds for this population. The new cutoff was based
on the subgroup analysis of the MADIT-CRT trial,* in which
patients with a QRS interval shorter than 150 millisec-
onds had no reduction in heart failure events with CRT.
These updated guidelines continued to recommend CRT
for patients with NYHA 3 and 4 heart failure with the old
QRS cutoff of 120 milliseconds or greater. However, stud-
ies using surrogate measures of response (ie, hemodynam-
ics or peak oxygen consumption) suggest that patients with
a QRS duration between 120 and 150 milliseconds do not
benefit from CRT, regardless of their NYHA functional
class.>* In this context, to our knowledge, the impact of
the degree of QRS prolongation on the effect of CRT for
reducing adverse clinical events (ie, death and hospital-
ization) has never been analyzed systematically. There-
fore, our objective was to determine whether the impact
of CRT on clinical end points is affected by the degree of
baseline QRS prolongation by performing a meta-analysis
of randomized trials testing CRT in heart failure.

DR METHODS

LITERATURE SEARCH

Systematic searches were made of MEDLINE, SCOPUS (cov-
ering EMBASE), Cochrane Central Register of Controlled Trials,
and Cochrane Database of Systematic Reviews databases to re-
trieve all published randomized controlled trials of CRT that
reported clinical events according to baseline QRS duration.
The search terms and other search strategies are described in
detail for each database in the eAppendix (available at http:
/fwww .archinternmed.com along with eTable and eFigure). The
results of the literature search are depicted in Figure 1.

STUDY SELECTION

To evaluate the efficacy of CRT in relation to QRS duration, we
included trials that reported clinical outcomes of subgroups strati-
fied by QRS duration. Studies were excluded if they (1) were not
randomized; (2) did not have a non-CRT control group; (3) en-
abled implantable cardioverter defibrillator (ICD) implantation
only in one study arm and not in the other(s) (trials enabling ICD
implantation in both arms were eligible); (4) had cross-over study
design; (5) did not report the clinical outcomes of interest such
as death and hospitalization; and/or (6) reported clinical out-
comes without any relation to specific limited QRS ranges.

DATA EXTRACTION

Data from studies meeting the selection criteria were extracted
and verified independently by 2 investigators (1.S. and T.P.C.).
In cases where the point estimates and the confidence intervals
(CIs) for subgroups were not specifically stated, forest plots were
used, if available, to extract this information using electronic cali-

Literature search

176 Search results identified at MEDLINE for human subject randomized
controlled clinical trials (see Web-only material for search strategy)

105 Additional (non-MEDLINE) results identified at SCOPUS

131 Results identified at Cochran Database of Systematic Reviews

412 Total results

342 Excluded
143 Duplicates identified in multiple databases
59 Reviews/editorials/meta-analysis
9 Conference papers without relevant data
1 Animal study
23 Study protocol descriptions
14 Nonrandomized studies
24 Did not present clinical event data
24 No control group without CRT
5 Early reports of clinical trials without
relevant data
40 Not a CRT study or a study in patients
without heart failure population

65 Trials excluded
31 Substudies with no additional
information
23 Protocol-driven crossover
11 Trials not reporting clinical
outcome according to specific 1
limited QRS ranges

70 Potentially relevant

<« .
trials

5 Clinical trials included
COMPANION
CARE-HF
REVERSE
MADIT-CRT
RAFT

Figure 1. Flowchart of cardiac resynchronization therapy (CRT) trials
included in the meta-analysis. Web-only material includes an eTable,
eAppendix, and eFigure. CARE-HF indicates Cardiac Resynchronization-Heart
Failure'; COMPANION, Comparison of Medical Therapy, Pacing, and
Defibrillation in Heart Failure'®; CRT, cardiac resynchronization therapy;
MADIT-CRT, Multicenter Automatic Defibrillator Implantation Trial-Cardiac
Resynchronization Therapy?®; RAFT, Resynchronization-Defibrillation for
Ambulatory Heart Failure Trial*>; REVERSE, Resynchronization Reverses
Remodeling in Systolic Left Ventricular Dysfunction.?®

pers. Among the included trials, there were slight differences in
the cutoffs used for QRS subgroup reporting. In an attempt to
standardize the cutoff, we contacted the corresponding authors
of the trials that did not report QRS subgroups with the exact 150-
millisecond cutoff (ie, COMPANION'® reporting with 147 mil-
liseconds, REVERSE? with 152 milliseconds, and CARE-HF" with
159 milliseconds) and asked for the effect sizes with the 150-
millisecond cutoff. However, this information was not provided
for any of these trials. Thus, we defined the subgroup with a
QRS duration of less than 150 milliseconds in most cases as mod-
erately prolonged and those with a QRS duration of 150 millisec-
onds or greater in most cases as severely prolonged. One trial'®
reported 3 subgroups; the “middle” subgroup of this trial (148-
168 milliseconds) was included among our severely prolonged
QRS subgroups, since the QRS duration was greater than 150 mil-
liseconds for most patients in the subgroup.

STATISTICAL ANALYSIS

We generated funnel plots according to different QRS sub-
groups to examine the possibility of publication bias. We supple-
mented testing for publication bias with the Begg Rank Cor-
relation test.**

Four of the included trials reported hazard ratios (HRs), and
1 trial reported odds ratios (ORs). The values for ORs are simi-
lar to those for HRs (ie, instantaneous risk ratio [RR]) when
the outcome is uncommon. Given that the outcome in the trial
that reported ORs was less than 20%, we were able to combine
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That Were Included in the Meta-analysis

Table 1. Characteristics of Randomized Controlled Trials of Cardiac Resynchronization Therapy

Inclusion Criteria

of Health Research,
Medtronic)

QORS Subgroups Composite End Point
Trial NYHA Duration, Study Average by QRS Reported for QRS
(Sponsor) Class EF, % ms Intervention Control Follow-up, mo Duration, ms Subgroup Analysis
COMPANION'® 3or4d =35 =120 CRT Medical therapy ~ 16.2 (CRT) and 120-147 (n=324) All-cause mortality or
(Guidant) (n=617)2 (n=308) 11.9 (medical 148-168 (n=314) hospitalization
therapy) >168 (n=287)
CARE-HF' 3ord =35 =120b CRT Medical therapy 29.4 120-159 (n=290) All-cause mortality or
(Medtronic) (n=409) (n=404) >159 (n=505) hospitalization for major
cardiovascular event
including heart-failure
hospitalization
REVERSE* 1or2 =40 =120 CRT on CRT off (n=191) 12 120-151 (n=303) All-cause mortality or
(Medtronic) (n=419) >151 (n=307) heart-failure hospitalization
or worsened heart failure
resulting in cross-over or
dropout or worsened NYHA
class or moderately or
markedly worsened
heart-failure symptoms
MADIT-CRT? 1or2 =30 =130 CRT Medical therapy 28.8 130-149 (n=645) All-cause mortality or
(Boston Scientific) (n=1089) (n=731) >149 (n=1175) heart-failure event
(heart-failure
hospitalization or
outpatient intravenous
diuretic therapy)
RAFT? 2or3 =30 =120 CRT No CRT (n=904) 40 120-149 (n=627) All-cause mortality or
(Canadian Institutes (n=894) >149 (n=1036)° heart-failure hospitalization

Abbreviations: CARE-HF, Cardiac Resynchronization-Heart Failure'’; COMPANION indicates Comparison of Medical Therapy, Pacing, and Defibrillation in Heart
Failure'®; CRT, cardiac resynchronization therapy; EF, ejection fraction; MADIT-CRT, Multicenter Automatic Defibrillator Implantation Trial-Cardiac
Resynchronization Therapy®; NYHA, New York Heart Association; RAFT, Resynchronization-Defibrillation for Ambulatory Heart Failure Trial?;

REVERSE, Resynchronization Reverses Remodeling in Systolic Left Ventricular Dysfunction.?®
2The COMPANION trial'® had 3 arms (CRT, combined CRT and implantable cardioverter defibrillator, and medical therapy). For the purpose of this

meta-analysis, only the CRT and the medical therapy arms were included.

bIn the CARE-HF trial,” patients with a QRS interval of 120 to 149 milliseconds were required to meet 2 of 3 additional echocardiographic criteria for
dyssynchrony: (1) an aortic preejection delay of more than 140 milliseconds; (2) an interventricular mechanical delay of more than 40 milliseconds; and (3)

delayed activation of the posterolateral left ventricular wall.

CThe RAFT trial*® also included 135 patients with baseline right ventricular pacing with a QRS interval of 200 milliseconds or greater, not included in this

analysis.

the ORs from this trial with the HRs from the other trials to
obtain a meta-analytic RR.”

Statistical heterogeneity was tested by the Cochran Q statis-
ticand reported as I2. Fixed-effect models were used, unless there
was evidence of heterogeneity (ie, I>>40%) where random-effects
models were used. The difference in the meta-analytic effect size
in patients with severely vs moderately prolonged QRS intervals
was assessed with heterogeneity analysis. A meta-regression analy-
sis was performed to examine the relationship between the QRS
duration (ranked according to the degree prolongation amongall
subgroups) and log-transformed RR. Statistical tests were consid-
ered significant if the 2-sided P value was less than .05. Data were
analyzed using Comprehensive Meta Analysis software, version
2.2.048 (Biostat Inc, Englewood, New Jersey).

0 a0

SEARCH RESULTS

The results of the literature search are shown in
Figure 1. Of the 412 results, 70 reports without the
exclusion criteria were then subjected to a detailed
investigation looking for the parameters of interest (ie,
reporting of clinical events according to specific base-
line QRS ranges). Accordingly, a total of 5 randomized

controlled trials enrolling a total of 5813 patients were
included in the meta-analysis.

STUDY CHARACTERISTICS

The characteristics of the included trials are summarized
in Table 1. The COMPANION'® trial had 3 arms (medi-
cal therapy vs CRT only vs CRT-ICD). Data from the medi-
cal therapy vs CRT only arms are included in this analysis.
In REVERSE,” all patients received a CRT device, but the
left ventricular lead was turned off in the control arms. The
control group patients did not receive a CRT device in
COMPANION, ' CARE-HF,"” MADIT-CRT,* and RAFT.*
The REVERSE* and RAFT?* trials were double-blind
trials, whereas the COMPANION.,'* CARE-HF," and
MADIT-CRT? trials were not blinded. However, all of the
unblinded trials had blinded end points committees. The
composite clinical end point reported in subgroup analy-
sesaccording to different baseline QRS duration ranges al-
ways included all-cause mortality and heart failure hospi-
talization but varied across trials with respect to other in-
cluded events, asindicated in Table 1. A total of 3624 patients
were in the severely prolonged QRS group (62.3%),and 2189
were in the moderately prolonged QRS group (37.7%).
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Table 2. Characteristics of Patients Enrolled in Randomized Controlled Trials of CRT Included in the Meta-analysis?

Treatment at Baseline

Meanor | 1 ICD Device
Conduction Median ACE Implantation
Patient Mean or Anomaly QRS Inhibitor or During Trials
Age, Mean Nonischemic Median Duration  Angiotensin — ]
or Median, Heart Baseline at Baseline, Receptor CRT Control
Source y Male Failure Diabetes EF,% LBBB RBBB ms Blocker  B-Blocker Spironolactone Arm  Arm
COMPANIONT'® 67 68 44 41 21 69 11 159 89 67 54 ob ob
CARE-HF'72" 67 73 62 41 25 90 5 160 95 72 56 2.0 5.7
REVERSE? 63 79 46 23 27 NA NA 153 96 95 NA 82 85
MADIT-CRT# 65 75 45 30 24 70 13 NA 98 93 32 99 97.4
RAFT? 66 83 33 34 23 72 9 158 97 90 42 e 99

Abbreviations: ACE, angiotensin-converting enzyme; CARE-HF, Cardiac Resynchronization-Heart Failure'; COMPANION indicates Comparison of Medical
Therapy, Pacing, and Defibrillation in Heart Failure'é; CRT, cardiac resynchronization therapy; EF, ejection fraction; ICD, implantable cardioverter defibrillator;
LBBB, left bundle branch block; MADIT-CRT, Multicenter Automatic Defibrillator Implantation Trial-Cardiac Resynchronization Therapy?®; NA, not available;
NYHA, New York Heart Association; RAFT, Resynchronization-Defibrillation for Ambulatory Heart Failure Trial??; RBBB, right bundle branch block;
REVERSE, Resynchronization Reverses Remodeling in Systolic Left Ventricular Dysfunction.?

2Unless otherwise indicated, data are reported as percentage of patients.

PWhile the COMPANION trial' did not allow ICDs in the CRT and medical therapy arms, information about off-protocol ICD use in these arms was not available.

RR (95% Cl)

COMPANION (QRS, 148-168 ms, n=314) 0.78 (0.59-1.04)
COMPANION (QRS, >168 ms, n=287) 0.66 (0.47-0.93)
CARE-HF (QRS, >159 ms, n=505) 0.60 (0.46-0.79)
REVERSE (QRS, >151 ms, n=307) 0.42 (0.22-0.81)
MADIT-CRT (QRS, >149 ms, n=1175) 0.48 (0.37-0.63)

RAFT (QRS, >149 ms, n=1036)
Meta-analysis

0.59 (0.48-0.73)
0.60 (0.53-0.67)

Statistics for each study

z\Value PValue
-1.70 09 ——
-2.35 02 —i—
-3.70 <.001 —
~2.61 009
-5.41 <001 -
-493 <.001 S 5
-8.67 <001 ¢
02 05 1 2 5
CRT Better Control Better

Figure 2. Effect of cardiac resynchronization therapy (CRT) on composite clinical events in patients with severely prolonged QRS interval (n=3624; 12=32.1%,
fixed-effect model). CARE-HF indicates Cardiac Resynchronization-Heart Failure'; Cl, confidence interval; COMPANION, Comparison of Medical Therapy, Pacing,
and Defibrillation in Heart Failure's; CRT, cardiac resynchronization therapy; MADIT-CRT, Multicenter Automatic Defibrillator Implantation Trial-Cardiac
Resynchronization Therapy®; RAFT, Resynchronization-Defibrillation for Ambulatory Heart Failure Trial??; REVERSE, Resynchronization Reverses Remodeling in

Systolic Left Ventricular Dysfunction?; RR, risk ratio.

All 5 trials were analyzed using intention-to-treat prin-
ciple. In COMPANION,'® prior to reaching the primary end
point, 13% of patients in the medical therapy group with-
drew, and 2% in the CRT group (without ICD) withdrew.
In REVERSE,* 7.3% of patients crossed over from CRT off
to CRT on, and 1.4% patients crossed over from CRT on
to CRT off at 12 months. In MADIT-CRT,* 1% did not re-
ceive a device in the CRT-ICD arm, and 2.6% did not re-
ceive a device in the ICD only arm. In this trial, 12.4% of
patients assigned to ICD only were switched to a CRT-ICD
device before study end, whereas in the CRT arm, 7.5% of
patients crossed over to ICD only. In RAFT,** 4% of patients
crossed over and received CRT in addition to an ICD, and
in the CRT-ICD group, 6.0% did not receive CRT. In this
trial 0.6% and 1.1% either withdrew or were lost to follow-
up in the ICD and CRT-ICD arms, respectively. Dropout
or cross-over rates were not presented in the CARE-HF trial.

The baseline characteristics of patients enrolled in the
trials are listed in Table 2. Within each arm of the in-
cluded trials, there were no statistically significant dif-
ferences with regard to age, sex, ejection fraction, func-
tional class, QRS duration, or medication use.

No evidence of publication bias was detected with the
Begg Rank Correlation method (P>.50). Funnel plots
examining publication bias according to the QRS groups
are presented in the eFigure.

QUANTITATIVE FINDINGS

The impact of CRT on clinical events in patients with
severely prolonged QRS is shown in Figure 2. For
these patients, there was a statistically significant reduc-
tion in risk for composite clinical events in each indi-
vidual trial with the exception of the middle QRS sub-
group of COMPANION!® (ie, the subgroup with the
least severely prolonged QRS among the subgroups
with severely prolonged QRS), where there was a statis-
tically insignificant benefit (P=.09). On meta-analysis,
patients with severely prolonged QRS randomized to
CRT had a 40% risk reduction in clinical events
(I*=32.1%; RR, 0.60[95% CI, 0.53-0.67]) (P<<.001 by
fixed-effect model). On the contrary, there was no sta-
tistically significant benefit for patients with moderately
prolonged QRS in any of the individual trials
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Statistics for each study
RR (95% ClI) z Value P Value
COMPANION (QRS, 120-147 ms, n=324) 1.01 (0.76-1.35) 0.07 .95
CARE-HF (QRS, 120-159 ms, n=290) 0.74 (0.54-1.02) -1.86 .06
REVERSE (QRS, 120-151 ms, n=303) 1.05 (0.58-1.89) 0.16 .87
MADIT-CRT (QRS, 130-149 ms, n=645) 1.06 (0.74-1.52) 0.32 .75
RAFT (QRS, 120-149 ms, n=627) 0.99 (0.77-1.27) -0.08 .94
Meta-analysis 0.95 (0.82-1.10) -0.68 .49
02 05 1 2 5
CRT Better Control Better

Figure 3. Effect of cardiac resynchronization therapy (CRT) on composite clinical events in patients with moderately prolonged QRS interval (n=2189; 12=0%,
fixed-effect model). CARE-HF indicates Cardiac Resynchronization-Heart Failure'; Cl, confidence interval; COMPANION, Comparison of Medical Therapy, Pacing,
and Defibrillation in Heart Failure'; CRT, cardiac resynchronization therapy; MADIT-CRT, Multicenter Automatic Defibrillator Implantation Trial-Cardiac
Resynchronization Therapy?; RAFT, Resynchronization-Defibrillation for Ambulatory Heart Failure Trial??; REVERSE, Resynchronization Reverses Remodeling in
Systolic Left Ventricular Dysfunction?; RR, risk ratio.

0.32
0.214
0.10 -
REVERSE
-

-0.12+

-0.23+

~0.34+

Log RR

COMPANION

~0.45-
~0.56
~0.67-
~0.78
RéVERSE
~0.89 N
1.0 ‘ ‘ ‘ ‘ ‘ ‘ ; ‘ | |
120-147  120-149  120-151  130-149 120-150 148168 >149 >151 >159 168

Rank-Transformed QRS Width, ms

Figure 4. Meta-regression analysis examining the impact of baseline QRS duration on the effect of cardiac resynchronization therapy (CRT) on composite clinical
events. Each circle represents a QRS subgroup within a trial. The sizes of the circles are proportional to the sample size in each subgroup. The dashed line
corresponds to a log risk ratio (RR) of O (ie, RR, 1.00), where there is no net benefit or harm. The further the circles are below the 0 line, the larger the clinical
benefit for prevention of composite of adverse clinical events. There was a statistically significant relationship between the QRS duration at baseline and log RR
(slope, -0.07 [95% confidence interval, -0.10 to -0.04]; z=-4.60) (P<.001). Accordingly, groups with QRS ranges below 150 milliseconds did not benefit from
CRT (black circles, log risk ratio close to 0). Clinical benefit appeared when cases with QRS intervals of 150 milliseconds or greater were included (gray circles)
and became more prominent with increasing QRS width (white circles). CARE-HF indicates Cardiac Resynchronization-Heart Failure'; COMPANION, Comparison
of Medical Therapy, Pacing, and Defibrillation in Heart Failure'; CRT, cardiac resynchronization therapy; MADIT-CRT, Multicenter Automatic Defibrillator
Implantation Trial-Cardiac Resynchronization Therapy®’; RAFT, Resynchronization-Defibrillation for Ambulatory Heart Failure Trial??; REVERSE, Resynchronization
Reverses Remodeling in Systolic Left Ventricular Dysfunction.?®

(Figure 3). There was a statistically insignificant ben-
efit in the CARE-HF'" trial, which had the most pro-

directly compared with heterogeneity analysis, the over-
all effect of CRT on clinical events was significantly dif-

longed QRS interval within the moderately prolonged
QRS subgroups (P=.06). On meta-analysis, there was
no significant benefit of CRT for reduction in clinical
events in this group of patients (I*=0%; RR, 0.95 [95%
CI, 0.82-1.10]) (P=.49 by fixed-effects model). When

ferent in patients with moderately vs severely prolonged
QRS intervals (P<<.001).

The relationship between the magnitude of QRS pro-
longation and the impact of CRT on the risk of composite
clinical events assessed by meta-regression analysis is pre-
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Table 3. Sensitivity Analyses
P Value, Moderately vs
Risk Ratio Severely Prolonged
Characteristic 12, % Model (95% Cl) P Value QRS Subgroups
NYHA 3 and 4 only .06
Severely prolonged QRS (n=1106) 0 Fixed effect 0.67 (0.57-0.80) <.001
Moderately prolonged QRS (n=614) 50.6 Random effects 0.87 (0.64-1.18) .38
NYHA 1 and 2 only <.001
Severely prolonged QRS (n=1482) 0 Fixed effect 0.47 (0.37-0.60) <.001
Moderately prolonged QRS (n=948) 0 Fixed effect 1.06 (0.78-1.44) 72
With background ICD <.001
Severely prolonged QRS (n=2518) 0.2 Fixed effect 0.54 (0.46-0.63) <.001
Moderately prolonged QRS (n=1575) 0 Fixed effect 1.02 (0.84-1.23) .87
No Background ICD .06
Severely prolonged QRS (n=1106) 0 Fixed effect 0.67 (0.57-0.80) <.001
Moderately prolonged QRS (n=614) 50.6 Random effects 0.87 (0.64-1.18) .38
One Study Out
COMPANION'® <.001
Severely prolonged QRS (n=3023) 0 Fixed effect 0.55 (0.48-0.63) <.001
Moderately prolonged QRS (n=1865) 0 Fixed effect 0.93 (0.79-1.10) A1
CARE-HF"" <.001
Severely prolonged QRS (n=3119) 45.7 Random effects 0.60 (0.49-0.72) <.001
Moderately prolonged QRS (n=1899) 0 Fixed effect 1.01 (0.86-1.19) .86
REVERSE? <.001
Severely prolonged QRS (n=3317) 35.6 Fixed effect 0.61 (0.52-0.71) <.001
Moderately prolonged QRS (n=1882) 0.1 Fixed effect 0.95 (0.82-1.10) 46
MADIT-CRT? <.001
Severely prolonged QRS (n=2449) 43 Fixed effect 0.63 (0.55-0.72) <.001
Moderately prolonged QRS (n=1544) 0 Fixed effect 0.93 (0.80-1.09) .38
RAFT? <.001
Severely prolonged QRS (n=2588) 45.6 Random effects 0.60 (0.49-0.73) <.001
Moderately prolonged QRS (n=1562) 0 Fixed effect 0.93 (0.78-1.11) 44

Abbreviations: CARE-HF, Cardiac Resynchronization-Heart Failure'’; Cl, confidence interval; COMPANION, Comparison of Medical Therapy, Pacing, and Defibrillation
in Heart Failure's; ICD, implantable cardioverter defibrillator; MADIT-CRT, Multicenter Automatic Defibrillator Implantation Trial-Cardiac Resynchronization Therapy®;
NYHA, New York Heart Association; RAFT, Resynchronization-Defibrillation for Ambulatory Heart Failure Trial’?; REVERSE, Resynchronization Reverses Remodeling in

Systolic Left Ventricular Dysfunction.”®

sented in Figure 4. There was a statistically significant re-
lationship between the QRS duration and log RR (slope,
-0.07 [95% CI, -0.10 to -0.04; z=-4.60) (P<<.001). Ac-
cordingly, groups with QRS durations less than 150 mil-
liseconds did not benefit from CRT. Beneficial effects of CRT
onreduction of clinical events became evident when cases
with QRS intervals of 150 milliseconds or greater were in-
cluded, and the magnitude of benefit became more promi-
nent with further increases in QRS duration.

SENSITIVITY ANALYSIS

The findings of the meta-analysis remained robust to sen-
sitivity analysis (Table 3). When the analysis was lim-
ited to NYHA 3 and 4 cases (COMPANION!'® and CARE-
HF'), there was still a highly significant benefit of CRT
in patients with severely prolonged QRS and no statis-
tically significant benefit in patients with moderately pro-
longed QRS. The same was observed in NYHA 1 and 2
cases. Similarly, when the analysis was limited to trials
with nearly universal use of ICDs in both arms of trials,
statistically significant benefit with CRT was seen only
in patients with severely prolonged QRS and not in those
with moderately prolonged QRS. When the analysis was
limited to trials without background ICD therapy, again
the benefit of CRT was observed only in the patients with

severely prolonged QRS. In each sensitivity analysis per-
formed using the 1-study-out method, there remained a
significant difference in the impact of CRT on clinical
events according to degree of QRS prolongation. When
analysis was limited to trials uniformly reporting HRs (ie,
when REVERSE® was left out), there was again benefit
in patients with severely prolonged QRS and not in pa-
tients with moderately prolonged QRS.

DR COMMENT

This meta-analysis shows that while CRT was very effec-
tive in reducing adverse clinical events in patients with sys-
tolic heart failure and a baseline QRS duration of 150 mil-
liseconds or greater, it did not reduce such events in patients
with a QRS interval less than 150 milliseconds. The dif-
ference in benefit between the 2 QRS groups was statisti-
cally significant (P<.001). These results were consistent
among all the randomized trials included in this meta-
analysis, regardless of enrollment criteria for functional class.

The lack of benefit of CRT in patients with QRS du-
rations less then 150 milliseconds has been observed in
several hemodynamic and echocardiographic studies, as
well as in studies using cardiometabolic stress tests and
quality of life measures. Auricchio et al® observed that
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when the QRS duration was less than 150 milliseconds,
biventricular pacing did not improve either the maxi-
mum left ventricular pressure derivative or aortic pulse
pressure, whereas those with longer QRS intervals had
increases in both.? In a more recent randomized study,
Auricchio et al*! also showed that peak oxygen consump-
tion as assessed by cardiometabolic stress test did not im-
prove with left ventricular pacing in patients with a QRS
duration between 120 and 150 milliseconds. In con-
trast, both parameters improved significantly in pa-
tients with QRS intervals greater than 150 milliseconds.
Similarly, distance walked in 6 minutes and quality-of-
life score improved only in patients with QRS intervals
greater than 150 milliseconds. REVERSE study investi-
gators®® showed that there was no significant reverse re-
modeling with CRT in patients with moderately pro-
longed QRS, contrasting with the remarkable reverse
remodeling in those with longer QRS durations. Our meta-
analysis extends these previous observations of lack of
benefit on surrogate measures in patients with QRS in-
terval less than 150 milliseconds to the lack of reduc-
tion in clinical events, including death and hospitaliza-
tions in such patients, in the setting of randomized
controlled clinical trials. On the other hand, it was ob-
served that there was a trend for benefit in the moder-
ately prolonged QRS subgroup (ie, 120-159 millisec-
onds) in the CARE-HF trial.!” In this context, it should
be pointed out that CARE-HF mandated the presence of
at least 2 predefined echocardiographic criteria for me-
chanical dyssynchrony if baseline QRS was between 120
and 149 milliseconds, unlike the other included trials.
Of the 290 patients with QRS intervals between 120 and
159 milliseconds in this trial, only 92 of them had a QRS
between 120 and 149 (32%), and the remaining 198 had
a QRS of 150 milliseconds or greater (68%).*" There-
fore, it is not completely clear whether this trend for ben-
efit was driven by the patients with QRS durations be-
tween 150 and 159 milliseconds or by the use of
echocardiographic criteria in patients with QRS be-
tween 120 and 149 milliseconds or both. One recent non-
randomized study®® suggests that echocardiographic para-
meters of dyssynchrony (Yu index, radial strain) may help
identify patients with moderately prolonged QRS who
might respond to CRT.

The initial guidelines advising on the indication for
CRT in heart failure were primarily directed by the two
trials that reported significant reductions in clinical events
in NYHA III and IV patients.”'° These two trials used a
QRS duration of >120 milliseconds as the enrollment cri-
terion. The writing committees subsequently endorsed
the same cutoff of =120 milliseconds in their guide-
lines with the strongest level of recommendation (ie, Class
I: procedure should be performed).'**” However this cut-
off set forth in these trials appears to be arbitrary in that
other clinical trials have used different QRS cutoffs such
as 130 or 150 milliseconds.?>! In contemporary prac-
tice, approximately 40% of CRT devices are implanted
in patients with a QRS duration <150 milliseconds.*

Soon after CRT was approved as a treatment for
heart failure, it was recognized that one-third to one-
half of patients do not respond to these devices
implanted according to the current indications.'*"> This

has led to intense research examining the reasons for
non-response and led to the creation of special “non-
responder clinics” in some institutions.” Predicting
response to CRT is complex and is related to both sub-
strate and procedural factors. Sweeney, et al. recently
demonstrated that the probability of LV reverse remod-
eling is linearly related to baseline left ventricular acti-
vation time and is <50% with a left ventricular activa-
tion time <90 milliseconds (corresponding to a QRS
duration of approximately <150 milliseconds accord-
ing to their regression formula).>* The current meta-
analysis of randomized controlled clinical trials that
assessed clinical endpoints, along with the previous
studies using surrogate outcomes, suggest that a pre-
dominant reason for CRT non-response is a suboptimal
patient selection criterion for QRS duration.

Very recently treatment guidelines advising on CRT
were updated primarily to incorporate the findings of
the MADIT-CRT trial and extended the indication for
CRT to NYHA I and/or II patients.'®*° For these patients
a new QRS cutoff of =150 milliseconds was advised
given the subgroup analysis of the MADIT-CRT trial
showing lack of benefit with a QRS<<150 milliseconds.
However, these guidelines continued to recommend a
QRS cutoff of 120 milliseconds for NYHA III and IV
patients. Our meta-analysis shows that the lack of ben-
efit in patients with QRS<<150 milliseconds is a more
pervasive phenomenon and is not limited to only
NYHA I and II patients but is also observed in NYHA III
and IV patients. It appears that the degree of QRS pro-
longation is more important than the level of functional
impairment for selection of patients for CRT. Modifica-
tion of the current guidelines that reflect these findings
can have important consequences for resource utiliza-
tion. We think that an individual patient level analysis
of existing clinical trials to examine whether a subset of
patients with moderately prolonged QRS might benefit
from CRT (perhaps offset by another subset with
increased risk resulting in a net neutral effect in the
moderately prolonged QRS group) will be helpful to
further specify the new recommendations.

STUDY LIMITATIONS

Not all randomized CRT trials reported clinical events
according to different QRS subgroups, and these trials
could not be included in this meta-analysis. However, all
the long-term and large-scale trials could be included.
For example, the meta-analysis could incorporate QRS-
specific data for more than 85% of the total number of
deaths recorded in all the randomized CRT trials report-
ing on this outcome.* Therefore, publication bias with
regard to reporting according to QRS ranges is highly un-
likely to account for the observed differences.

The composite outcome varied across the included
trials. However, despite the differences in the inclusion
of other events besides all-cause mortality and heart fail-
ure hospitalization to the composite outcome, the RR was
always lower in the severely prolonged QRS group of all
the trials, and there was no statistically significant re-
duction in any of the composite outcomes in the mod-
erately prolonged QRS subgroup of any trial.

ARCH INTERN MED/VOL 171 (NO. 16), SEP 12,2011

1460

WWW.ARCHINTERNMED.COM

©2011 American Medical Association. All rights reserved.



The exactitude of the 150-millisecond cutoff observed
in the current analysis for predicting clinical benefit with
CRT is likely to be imperfect for the individual patient. Be-
cause we did not have access to individual-level patient data,
we used the ranges of QRS durations reported in the pub-
lications of clinical trials to determine a cutoff. With this
approach, an approximate value of 150 milliseconds
emerged as a cutoff, below which clinical events were not
reduced by CRT. In this context, Varma® has recently
shown that despite similar QRS durations, patients with
left bundle branch block have left ventricular activation
times that are on average 36 milliseconds longer than pa-
tients with right bundle branch block. Consequently, the
QRS duration above which CRT will be beneficial is prob-
ably significantly different with different types of conduc-
tion abnormalities. Therefore, we believe that a meta-
analysis of individual patient-level data of all relevant clinical
trials can further refine the QRS cutoffs for different types
of conduction abnormalities.

‘When performing this meta-analysis, we were faced with
the problem of dealing with 2 different types of associa-
tion measures (ie, HR and OR) reported in different trials.
We believed that including only the 4 trials that reported
HRs and excluding REVERSE?” reporting ORs would in-
troduce bias and would be less robust. Given the similari-
ties of the 2 measures in many situations, we combined
these measures and reported the meta-analytic effect size
as RR. We addressed this limitation using sensitivity analy-
sis (where we excluded REVERSE?), which revealed very
similar results. It is noteworthy that the REVERSE trial also
had a broad clinical end point, not only including mor-
tality and heart failure hospitalization but also worsened
heart failure symptoms or NYHA functional class.

CONCLUSIONS

While CRT was very effective in reducing clinical events
in patients with systolic heart failure and a baseline QRS
duration of 150 milliseconds or greater, it did not re-
duce such events in patients with QRS intervals less than
150 milliseconds. This finding was observed not only in
trials that enrolled patients with NYHA 1 and 2 disease
but also in those that enrolled patients with NYHA 3 and
4 disease. These results have implications regarding pa-
tient selection for this important treatment technique.
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do not benefit from CRT, yet patients with QRS in the
120- to 150-millisecond range are currently receiving CRT.
This study received our “Less Is More” designation be-
cause it identifies patients who do not derive clinical ben-
efit from this invasive, high-risk device.
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