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Abstract

Background—Cardiac resynchronization therapy (CRT) is effective in reducing clinical events
in systolic heart failure patients with a wide QRS. Previous retrospective studies suggest only
patients with QRS prolongation due to a left bundle-branch block (LBBB) benefit from CRT. Our
objective was to examine this by performing a meta-analysis of all randomized controlled trials of
CRT.

Methods—Systematic searches of MEDLINE and the Food and Drug Administration official
website were conducted for randomized controlled CRT trials. Trials reporting adverse clinical
events (eg, all-cause mortality, heart failure hospitalizations) according to QRS morphology were
included in the meta-analysis.

Results—Four randomized trials totaling 5,356 patients met the inclusion criteria. In patients
with LBBB at baseline, there was a highly significant reduction in composite adverse clinical
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events with CRT (RR = 0.64 [95% CI (0.52-0.77)], P = .00001). However no such benefit was
observed for patients with non-LBBB conduction abnormalities (RR = 0.97 [95% CI (0.82-1.15)],
P =.75). When examined separately, there was no benefit in patients with right-bundle branch
block (RR = 0.91 [95% CI (0.69-1.20)], P = .49) or non-specific intraventricular conduction delay
(RR =1.19[95% CI (0.87-1.63)], P = .28). There was no heterogeneity among the clinical trials
with regards to the lack of benefit in non-LBBB patients (12 = 0%). When directly compared, the
difference in effect of CRT between LBBB versus non-LBBB patients was highly statistically
significant (P = .0001 by heterogeneity analysis).

Conclusions—While CRT was very effective in reducing clinical events in patients with LBBB,
it did not reduce such events in patients with wide QRS due to other conduction abnormalities.

Methods

Heart failure is a growing epidemic, estimated to effect 6 million people with more than
400,000 new cases diagnosed each year and annual deaths approaching 200,000 in the US
alone.! In addition to optimal medical therapy, cardiac resynchronization therapy (CRT) has
been shown to reduce morbidity and mortality in even mildly symptomatic heart failure
patients.23 Initial guidelines recommended CRT in systolic heart failure patients with New
York Heart Association (NYHA) 11 or IV symptoms and baseline QRS duration >120
milliseconds regardless of the type of conduction abnormality.*~7 In contrast, the Food and
Drug Administration (FDA) recently approved CRT for patients with NYHA | or Il and a
wide QRS complex, but specifically due to left bundle branch block (LBBB).8 Given the
radically different left ventricular (LV) activation sequences in different conduction
abnormalities, the response to biventricular pacing is likely to vary substantially. However,
the effect of this important treatment modality on clinical events in patients with different
types of conduction abnormalities has not been systematically examined across the large-
scale randomized-controlled trials of CRT. Therefore, our objective was to evaluate the
effect of CRT on clinical events with regards to different types of baseline conduction
abnormalities using data from randomized controlled trials.

Literature search

A systematic search of MEDLINE through January 2011 was performed to identify all
published randomized controlled trials of CRT that reported clinical outcomes (including
death and heart failure hospitalizations) according to bundle-branch block morphology.
MEDLINE search terms of (heart failure and cardiac resynchronization therapy) limited to
randomized controlled trials returned 113 articles. Additional search of the FDA website
returned an additional trial with extractable data. The complete results of the literature
search are demonstrated in Figure 1.

Study selection

Trials which reported clinical outcomes (ie, death or hospitalization for heart failure and
other causes of hospitalizations in some cases) of subgroups stratified by QRS morphology
were included. All of the 114 articles identified from the literature search were reviewed for
such information. Studies were excluded if they were not randomized, did not have a non-
CRT control group, did not report clinical outcomes of interest such as death and
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hospitalization, or did not report clinical outcomes with relation to different types of QRS
abnormalities.

Data extraction

Information on the inclusion criteria, study intervention and control, duration of follow-up,
definitions of clinical end-points, drop-out and cross-over rates, and baseline patient
characteristics were extracted for each trial independently by two of the investigators (IS and
MH). Subsequently, data on the hazard ratios and confidence intervals for the subgroups
according to QRS morphology were extracted. In cases where the actual hazard ratios were
not specifically stated, this data was extracted from the published forest plots, when
available, using electronic calipers.

Statistical analysis

Results

Statistical heterogeneity was tested by Cochran’s Q statistic and reported as 12. Fixed effect
models were used unless there was evidence of heterogeneity (12 > 40%), where random
effects models were used. The difference in the meta-analytic hazard ratio in patients with
LBBB vs. non-LBBB conduction abnormality was assessed with heterogeneity analysis.
Sensitivity analyses were performed using the one-study out method to assess whether any
single study was primarily responsible for the main findings. Additional sensitivity analyses
were performed for studies with and without background implantable cardiac defibrillator
(ICD) therapy in both treatment arms. Data was analyzed using Comprehensive Meta-
Analysis software version 2.2.048 (Biostat Inc, Engelwood, NJ). Funnel plots were
generated according to BBB morphology to examine the possibility of publication bias. The
Begg Rank Correlation method was also employed for this purpose. Meta-analytic power
calculations were performed according to published formulas.®

No extramural funding was used to support this work. The authors are solely responsible for
the design and conduct of this study, all study analyses, the drafting and editing of the paper
and its final contents.

Search results

The results of the literature search are shown in Figure 1. A total of 4 randomized controlled
trials enrolling 5,356 patients (3,009 CRT, 2,347 controls) met the inclusion criteria for this
meta-analysis.1-14 The PRISMA guideline for reporting meta-analyses is presented in the
online Appendix A. A list of excluded trials and the reasons for exclusion are presented in
the online Appendix B.

Study characteristics

Trial characteristics are presented in Table I. The COMPANION trial had 3 arms (medical
therapy vs CRT only vs CRT with ICD). For this analysis, data from only the medical
therapy vs. CRT only arms were included. In COMPANIONZ9 and CARE-HF1! the control
group did not receive a CRT device and hence these trials were not blinded. Only 3.8% of
patients received an ICD in the CARE-HF trial. Patients in MADIT-CRT13 were
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randomized to receive CRT with ICD or ICD only. All patients in RAFT4 underwent
concomitant ICD implantation regardless of their randomization arm and were randomized
only after successful device implantation. In all trials, patients continued to receive medical
therapy regardless of their treatment allocation. The RAFT,14 CARE-HF,1! and MADIT-
CRT13.16 trials reported subgroup analysis regarding QRS morphology stratified into 3
groups (LBBB, right-bundle branch block [RBBB], and interventricular conduction delay
[IVCD]) while the COMPANION trial reported the QRS morphology in 2 groups (LBBB
and non-LBBB). The composite clinical end-point reported in subgroup analysis according
to QRS morphology varied slightly across the trials but always included all-cause mortality
and heart failure hospitalization. All trials had a blinded end-points committee.

All 4 trials were analyzed using the intention to treat principle. In COMPANIONZC prior to
reaching the primary endpoint, 13% of patients in the medical therapy group withdrew and
2% in the CRT group withdrew. For the CARE-HF! trial, dropout rates were not presented
and in the medical therapy group, a CRT or CRT-ICD device was implanted in 66 patients.
In MADIT-CRT,13 1% did not receive a device in the CRT-ICD arm and 2.6% did not
receive 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%
crossed over to ICD only. In RAFT, 5 patients in the ICD only group did not receive a
device and in the ICD-CRT groups 6 patients did not undergo device implantation. Five
patients in the ICD group withdrew or were lost to follow-up and 10 patients in the ICD-
CRT group withdrew or were lost to follow-up. Five patients in the ICD group and 7
patients in the ICD-CRT group underwent heart transplantation prior to reaching the primary
outcome. In the ICD group, 36 patients crossed over and received CRT prior to the primary
outcome and in the ICD-CRT group, 53 patients did not receive CRT.

The baseline characteristics of patients enrolled in the trials are presented in Table 1. Within
each arm of the included trials, there were no statistically significant differences concerning
age, gender, ejection fraction, functional class, QRS duration, or medication use.

Quantitative data synthesis

No evidence of publication bias was detected with the Begg Rank Correlation method (P =.
50). Funnel plots examining publication bias according to the QRS morphology are
presented in the online Appendix C.

The impact of CRT on clinical events in patients with LBBB at baseline is shown in Figure
2. There was a statistically significant reduction in the risk for composite clinical events in
each individual trial. On meta-analysis, patients randomized to CRT with LBBB had a
highly statistically significant 36% risk reduction in composite clinical events (12 = 72.7%,
RR =0.64 [95% CI (0.52-0.77)]). On the contrary, there was no statistically significant
benefit for patients with baseline RBBB or IVVCD in any of the individual trials regardless of
the NYHA functional class criteria for enrollment (Figure 3). On meta-analysis, there was
no significant benefit of CRT for reduction in composite clinical events in patients with non-
LBBB conduction abnormality (n = 1,233, 12 = 0%, RR = 0.97 [95% CI (0.82—1.15)]). When
examined separately, patients with RBBB did not experience a reduction in adverse clinical
events with CRT (total n = 424, 12 = 0%, RR = 0.91 [95% CI (0.69-1.20)], P = .49). In
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patients with I\VCD there was no reduction in clinical events with CRT as well (total n =
525, 12 = 0%, RR = 1.19 [95% CI (0.87-1.63)], P = .28) by fixed effect model. There was
greater than 90% power to detect a 25% risk reduction in patients with non-LBBB
conduction abnormality. When directly compared using heterogeneity analysis, the
difference in effect of CRT on clinical events between patients with LBBB versus non-
LBBB was highly statistically significantly (P =.0001).

Sensitivity analysis

The findings of the meta-analysis remained robust to sensitivity analysis. When analysis was
limited to trials with nearly universal use of ICD in both arms of trials (MADIT-CRT,
RAFT), statistically significant benefit was seen only in patients with LBBB (P < .001) and
not in those with non-LBBB (P =.32) (Table I11). When the analysis was limited to trials
without background ICD devices (CARE-HF, COMPANION) again the benefit of CRT was
observed only in patients with LBBB (P = .000001) and not in those with non-LBBB
conduction abnormality (P = .15). Additional sensitivity analyses were performed by
sequentially excluding each single trial. In each sensitivity analysis performed using the one-
study out method, there remained a statistically significant difference in the impact of CRT
on clinical events according to QRS morphology, demonstrating that the observed
differences were not predominated by one single study.

Discussion

Our results show that in patients with a LBBB, CRT is very effective in reducing adverse
events with a relative risk reduction of 36% (P =.00001). Conversely, no benefit was
observed in patients with other types of conduction abnormalities and a QRS duration >120
milliseconds. The narrow confidence interval for patients with QRS prolongation not due to
LBBB rules out even a 20% relative risk reduction for these patients (P = .75).

The majority of studies evaluating CRT in patients with non-LBBB conduction
abnormalities have been retrospective. Rickard et al observed that patients with RBBB and
IVCD who received CRT derived less cardiac remodeling and less symptomatic
improvement when compared to patients with LBBB.17 Egoavil et al followed up 61
patients with RBBB randomly assigned to CRT or no CRT and found no improvement in
aerobic capacity (measured by maximal oxygen consumption) after 6 months.18 Adelstein et
al and Wokhlu et al demonstrated that RBBB patients receiving CRT had a higher mortality
rate and increased progression of heart failure (to transplant or assist device implantation);
these studies also supported the finding that RBBB patients also derived less improvement
in LV function and less reverse remodeling.1920 The largest retrospective study on the
importance of QRS morphology in CRT was performed by Bilchick et al evaluating 14,946
patients via the Medicare device registry, which again showed that patients with RBBB who
received CRT had a higher mortality and hospitalization rates when compared to patients
with LBBB.21 However, in these retrospective studies, without a control group not receiving
CRT one cannot identify whether the poorer outcomes in non-LBBB patients is due to CRT
inefficacy or due to excess baseline risk in heart failure patients with non-LBBB conduction
abnormalities.?? Since there have been no large-scale randomized trials devoted to heart
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failure patients with non-LBBB conduction abnormalities, it was suggested that an urgent
meta-analysis of non-LBBB subgroups of CRT trials is needed.23 Our meta-analysis
included a total of 1,233 patients with non-LBBB conduction abnormalities randomly
assigned to CRT or no-CRT, which is comparable in sample size to the major individual
CRT trials such as the COMPANION trial (total n = 925) or CARE-HF (total n = 813). In
our meta-analysis there was no trend for reduction in clinical events in patients with non-
LBBB conduction abnormalities despite adequate power. In contrast there was a highly
significant benefit in patients with LBBB.

Heart failure with RBBB is physiologically different from that with LBBB. In LBBB, the
septum contracts first against a non-activated free LV wall followed by LV free wall
contraction when the septum is already relaxed, leading to dysynchronous LV contraction.
However in RBBB, it is the right ventricle that contracts asynchronously with mostly normal
LV activation. While initial work by Fantoni et al. showed LV activation time (LVAT) in
RBBB was prolonged, the number of RBBB patients studied was very small (n = 6) and
several subsequent studies have not supported this finding.18:24.25 More recently Varma
performed measurements of LVAT in a larger cohort of heart failure patients with RBBB
and LBBB and in normal controls.28 This study showed that LVAT is only minimally
increased in RBBB, but significantly increased in LBBB with a difference of 38
milliseconds between the LBBB and RBBB patients. Therefore, it is conceivable that
biventricular pacing in an attempt to synchronize contraction of the LV does not improve
outcomes in patients with RBBB. To the best of our knowledge change in LVAT in the
setting of non-specific IVCD has never been examined systematically, although 1IVCD
appears to be the second most common conduction abnormality after LBBB in patients with
LV systolic dysfunction. However, the findings of this meta-analysis suggest that there is
also no clinical event reduction with CRT in this group of patients as well; even a 15%
reduction in clinical events is ruled out by the narrow confidence interval for IVCD.

Our study has certain limitations. While the total number of non-LBBB patients in our meta-
analysis is comparable the sample sizes to other large scale CRT trials and provide adequate
power, our study may be underpowered for RBBB alone as evidenced by a relatively wide
95% confidence interval (0.69-1.20) for this meta-analytic hazard ratio. Analysis of data
from the other trials that did not report outcomes specifically for patients with RBBB (eg,
COMPANION and MIRACLE) can further clarify the role of CRT in this group of patients.
The composite outcome varied slightly amongst the included the trials, but always included
total mortality and hospitalizations for heart failure. Despite the differences, the point
estimate for risk reduction with CRT was always lower in the LBBB subgroups of all trials.
Furthermore, there was no statistically significant reduction in any of the composite
outcomes in the non-LBBB subgroup of any trial, indicating that variations in the main
outcome variable did not influence the differential response of the 2 subgroups. Also, while
practice guidelines strongly recommend optimizing medical therapy prior to device
implantation, it is unknown if target dosing of these medications were achieved in all of the
included trials and whether the interactions between QRS morphology and CRT response
would be altered according to drug dosage. In addition, it is unknown whether different
pacing programming strategies or alternative lead placement may be beneficial for patients
with non-LBBB conduction abnormalities. For example, canine studies have suggested that
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RV-only pacing may be beneficial in the setting of RBBB.23 Theoretically,
resynchronization of the right ventricle with multiple right ventricular leads or alternative
right ventricular/LV lead positions may improve outcomes in these patients. It is also
possible that device programming with right ventricular pacing preceding LV pacing may be
beneficial in some patients. Finally, it is unknown whether echocardiographic measures of
dyssynchrony can help identify subsets of non-LBBB that could benefit from CRT.27:28

Finally in addition to its morphology, the duration of the QRS complex is another key factor
in determining efficacy of CRT. In the major randomized controlled trials and their meta-
analysis, only patients with QRS >150 milliseconds benefited from CRT.10:13.14.29.30 |n this
context, Strauss et al have recently proposed stricter criteria with longer QRS durations for
diagnosing LBBB including a wider QRS (>140 for men and >130 for women) for the
current era of device therapies for heart failure.31 On the other hand, a small single-center
study suggests that heart failure symptoms may improve with CRT even in the absence of
QRS prolongation and LBBB.32 Unfortunately, since we did not have access to individual
patient level data we were not able to examine the possible interactions between QRS
morphology and its duration for determining CRT efficacy. An individual patient level
analysis of major randomized trials can provide insight into these possible interactions and
guide policy making regarding implantation of CRT devices.

In conclusion, while CRT was very effective in reducing clinical events in patients with
LBBB and systolic heart failure, it did not reduce such events in patients with non-LBBB
conduction abnormalities. These findings have important clinical implications for selection
of patients for this important treatment modality.
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accessed (eg, Web address), and, if available, provide
registration information including registration number.
Eligibility criteria 6  Specify study characteristics (eg, PICOS, length of follow-up) 3
and report characteristics (eg, years considered, language,
publication status) used as criteria for eligibility, giving
rationale.
Information sources 7  Describe all information sources (eg, databases with dates of 3

coverage, contact with study authors to identify additional
studies) in the search and date last searched.
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Reported on

Section/topic #  Checklistitem page#

Search 8  Present full electronic search strategy for at least one database, 3,4
including any limits used, such that it could be repeated.

Study selection 9  State the process for selecting studies (i.e., screening, eligibility, 4
included in systematic review, and, if applicable, included in the
meta-analysis).

Data collection process 10 Describe method of data extraction from reports (eg, piloted 4
forms, independently, in duplicate) and any processes for
obtaining and confirming data from investigators.

Data items 11  List and define all variables for which data were sought (eg, 4
PICOS, funding sources) and any assumptions and
simplifications made.

Risk of bias in individual 12 Describe methods used for assessing risk of bias of individual 5

studies studies (including specification of whether this was done at the
study or outcome level), and how this information is to be used
in any data synthesis.

Summary measures 13  State the principal summary measures (eg, risk ratio, difference 5
in means).

Synthesis of results 14  Describe the methods of handling data and combining results of 5
studies, if done, including measures of consistency (eg, 12) for
each meta-analysis.

Risk of bias across studies 15  Specify any assessment of risk of bias that may affect the 5
cumulative evidence (eg, publication bias, selective reporting
within studies).

Additional analyses 16  Describe methods of additional analyses (eg, sensitivity or 5
subgroup analyses, meta-regression), if done, indicating which
were pre-specified.

RESULTS

Study selection 17 Give numbers of studies screened, assessed for eligibility, and 20
included in the review, with reasons for exclusions at each
stage, ideally with a flow diagram.

Study characteristics 18  For each study, present characteristics for which data were 5-7,25,26
extracted (eg, study size, PICOS, follow-up period) and provide
the citations.

Risk of bias within studies 19  Present data on risk of bias of each study and, if available, any 7, Suppl.A
outcome level assessment (see item 12).

Results of individual studies 20  For all outcomes considered (benefits or harms), present, for 21-24
each study: (a) simple summary data for each intervention group
(b) effect estimates and confidence intervals, ideally with a
forest plot.

Synthesis of results 21 Present results of each meta-analysis done, including confidence 21-24
intervals and measures of consistency.

Risk of bias across studies 22 Present results of any assessment of risk of bias across studies 7
(see Item 15).

Additional analysis 23 Give results of additional analyses, if done (eg, sensitivity or 8,27
subgroup analyses, meta-regression [see Item 16]).

DISCUSSION

Summary of evidence 24 Summarize the main findings including the strength of evidence 8
for each main outcome; consider their relevance to key groups
(eg, healthcare providers, users, and policy makers).

Limitations 25 Discuss limitations at study and outcome level (eg, risk of bias), 10,11
and at review-level (eg, incomplete retrieval of identified
research, reporting bias).

Conclusions 26  Provide a general interpretation of the results in the context of 11
other evidence, and implications for future research.

FUNDING
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Reported on
Section/topic #  Checklistitem page#
Funding 27  Describe sources of funding for the systematic review and other 12

support (eg, supply of data); role of funders for the systematic

review.

From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic

Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(6): €1000097. doi:10.1371/journal.pmed1000097

For more information, visit: www.prisma-statement.org.

Appendix B. Excluded Trials

Study Name

Reference

Reasons for exclusion

Primary results from the Smart Delay
determined AV optimazation: a comparison
to other AV delay methods used in cardiac
resynchronization therapy (SMART-AV)
trial: a randomized trial comparing empirical,
echocardiography-guided, and algorithmic
atrioventricular delay programming in cardiac
resynchronization therapy.

A randomized double-blinded comparison of
biverntricular versus left ventricular
stimulation for cardiac resynchonirzaion
therapy: the Biventricular versus Left
Univentricular Pacing with ICD Back-up in
Heart Failure Patients (B-LEFT HF) Trial

Benefit of cardiac resynchronization in
elderly patients: results from the Multicenter
InSync Randomized Clinical Evaluation
(MIRACLE) and Multicenter InSync
Randomized Clinical Evaluation (MIRACLE-
ICD) trials

Results of the Prospective Minnesota Study of
ECHO/TDI in Cardiac Resynchronization
Therapy (PROMISE-CRT) study

Randomized trial of cardiac resychronization
in mildly symptomatic heart failure patients
and in asymptomatic patients with left
ventricular dysfunction and previous heart
failure symptoms (REVERSE)

Cardiac resynchronization therapy in heart
failure with narrow QRS complexes
(RETHINQ)

Cardiac resynchronization therapy in patients
with heart failure and atrial fibrillation:
importance of new-onset atrial fibrillation and
total atrial conduction time

A randomized comparison of triple-site
versus dual-site ventricular stimulation in
patients with congestive heart failure

Time course of effects of cardiac
resynchronization therapy in chronic heart
failure: benefits in patients with preserved
exercise capacity.

Reduced ventricular volumes and improved
systolic function with cardiac
resynchronization therapy: a randomized trial
comparing simultaneous biventricular pacing,
sequential biventricular pacing, and left
ventricular pacing

Ellenbogen KA, et al.
Circulation 2010 Dec
21:122(25)2660-2668

Boriani G, et al.. Am Heart J
2010, Jun:159(6):1052-1058

Kron J, et al.. J Interv Card
Electrophysiol 2009:Aug
25(2):91-96

Bank AJ, et al.. J Card Fail,
2009: Jun 15(5):401-409

Linde C, etal.. J Am Coll
Cardiol 2008: Dec 2:52(23):
1834-1843

Beshai JF, et al. NEJM 2007
Dec 13:357(24)2461-2471

Buck S, et al. Eurospace 2008
May: 10(5):558-565

Leclercg C, et al. J Am Coll
Cardiol 2008 Apr 15:51(15):
1455-1462

Piepoli MF, et al. Pacing Clin

Electrophysiol 2008 Jun:31(6):

701-708

Rao RK, et al. Circulation
2007 Apr 24:115(16):2136—
2144
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No control group without CRT

No control group without CRT

Not reporting clinical outcome of
interest according to BBB
morphology

Non-Randomized

Not reporting clinical outcome of
interest according to BBB
morphology

Not reporting clinical outcome of
interest according to BBB
morphology

No control group without CRT

No control group without CRT

Not reporting clinical outcome of
interest according to BBB
morphology

No control group without CRT
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Study Name Reference Reasons for exclusion

Randomized comparison of simultaneous Boriani G, et al. Am Heart J Not reporting clinical outcome of
biventricular stimulation versus optimezed 2006 May: 151(5):1080-1088 interest according to BBB
interventricular delay in cardiac morphology

resynchronization therapy. The

Reynchronization for the HemodYnamic

Treatment for Heart Failure Management |1

implantable cardiover defibrillator

(RHTYHM I1 ICD) study

Knight BP, et al. J Am Coll Not reporting clinical outcome of
Cardiol 2004 Jul 7:44(1)72-77  interest according to BBB
morphology

Long-term retention of cardiac
resynchronization therapy

Combined cardiac resynchronization and Young JB, et al. JAMA 2003 Not reporting clinical outcome of
implantable cardioversion defibrillation in May28:289(20):2685-2694 interest according to BBB
advanced chronic heart failure: the morphology

MIRACLE ICD Trial

Cazeau S, et al. NEJM 2001 Protocol Driven Crossover
March 22:344:873-80

Effects of Multisite Biventricular Pacing in
Patients with Heart Failure and
Intraventricular Conduction Delay (MUSTIC)

Sustained reverse left ventricular structural Sutton MG, et al. Circulation Not reporting clinical outcome of
remodeling with cardiac resynchronizationat ~ 2006;113(2):266-272. interest according to BBB

one year is a function of etiology: quantitative morphology

Doppler echocardiographic evidence from the

Multicenter InSync Randomized Clinical

Evaluation (MIRACLE).

Not reporting clinical outcome of
interest according to BBB
morphology

Abraham W, et al. NEJM

Cardiac resynchronization in chronic heart
2002:346:1845-1853

failure (MIRACLE)

Appendix C. Funnel Plots

Funnel plots examining publication bias for left bundle branch block and non-left bundle
branch block groups. The symmetric shape of each funnel plot shows a lack of relationship
between treatment effect and study size, indicating that a publication bias is absent.

Panel A: Left bundle branch block

Funnel Plot of Standard Error by Log risk ratio
0.00

0.05 B

Standard Error
=]
2

e
-
o

020 L
20 -5 -0 05 00 05 10 15 20

Log risk ratio

Panel B: Non-left bundle-branch block
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Funnel Plot of Standard Error by Log risk ratio
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Literature Search
113 Search Results Identified in MEDLINE

FDA website
1 Result with extractable data

2
11
15
20

9

25
7
29

110 excluded
Reviews/Editorials/Meta-Analysis

Study Protocol Descriptions
Non-randomized studies

No control group without CRT

Not a CRT study or

a study in patients without heart failure
Substudies with no additional information

Protocol Driven Crossover

Trials not reporting clinical outcome

according to BBB morpholog

Figure 1.

A

y

4 Clinical Trials Included

COMPANION
CARE-HF
MADIT-CRT
RAFT

Flowchart of cardiac resynchronization trials included.
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Risk Lower Upper

Study name Ratio Limit limit Z-Value p-Value Risk ratio and 95% ClI
COMPANION1C -1 BBB 076 061 095 -243 0.016 —E—
CARE-HF 1132 - | BBB 070 060 083 -421 <0.0001 ——
MADIT-CRT'21315 - |BBB 0.45 0.35 058 -6.20 <0.00001
RAFT'4 - LBBB 065 054 079 -444 0.00001 ——
Meta Analysis 064 052 077 -455 0.00001 |-<uf
0.5 2
Favors CRT Favors Control
Figure2.

Effect of Cardiac Resynchronization Therapy on Composite Clinical Events in patients with
LBBB (total n = 3,949, 12 = 72.7%, random effects model).
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Risk
Study name Ratio
COMPANION'® - Non-LBBB 0.86
CARE-HF 132 - RBBB 0.81
CARE-HF 132 - [VCD 0.75
MADIT-CRT'21315 _.RBBB ~ 0.99
MADIT-CRT1213.15 _ [vCD 1.44
RAFT'4 - RBBB 1.00
RAFT™ — |VCD 1.10
Meta Analysis 0.97

Lower
Limit

0.63
0.54
0.24
0.55
0.88
0.62
0.7

0.82

Limit Z-Value p-Value

Upper
117 -0.96
122 -0.99
233 -0.50
1.79 -0.03
236 145
1.62 0.00
169 043
115 -0.32

0.34
0.32
0.62
0.97
0.15
1.00
0.67

0.75

Risk ratio and 95% CI

_._._
——t—

Favors CRT 1 Favors Control 2

Figure 3.

Effect of Cardiac Resynchronization Therapy on Composite Clinical Events in patients with
non-LBBB morphology (total n = 1,232, 12 = 0%, fixed effect model).
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