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Background: The prognostic significance of right bundle branch block (RBBB) is inconsistent across studies.
We aimed to assess the association between RBBB (in general population and patients with heart disease)
and risk of all-cause mortality, cardiac death, acute myocardial infarction (MI), and heart failure (HF).
Hypothesis: RBBB may be associated with increased risk of death.
Methods: PubMed, EMBASE, and the Cochrane Library up to February 2015 were searched for prospective
cohort studies that reported RBBB at baseline and all-cause mortality, cardiac death, MI, and HF at follow-up.
A meta-analysis of published data was undertaken primarily by means of fixed-effects models.
Results: Nineteen cohort studies including 201 437 participants were included with a mean follow-up period
ranging from 1 to 246 months. For general population with RBBB, the pooled adjusted hazard ratio (HR)
for all-cause mortality was 1.17 (95% confidence interval [CI]: 1.03–1.33) compared with no BBB. General
population with RBBB had an increased risk of cardiac death (HR: 1.43, 95% CI: 1.17–1.74). For patients with
RBBB and acute MI, the pooled risk ratio was 2.31 (95% CI: 2.13–2.49) for in-hospital mortality, 2.85 (95% CI:
2.46–3.30) for 30-day mortality, and 1.96 (95% CI: 1.59–2.42) for longer-term mortality. For acute HF patients,
the pooled risk ratio of all-cause mortality was 1.11 (95% CI: 1.06–1.16), and for chronic HF patients it was 1.75
(95% CI: 1.38–2.22).
Conclusions: Right bundle branch block is associated with an increased risk of mortality in general population
and patients with heart disease.

Introduction
Right bundle branch block (RBBB) is an intraventricular
conduction disorder in which normal electrical activity in
the His-Purkinje system is disrupted and depolarization
of the right ventricle is delayed. After the left ventricle
depolarizes normally, the wave of depolarization spreads
to the right ventricle through nonspecialized conducting
tissue. Consequently, the electrocardiogram (ECG) reveals
a QRS duration ≥0.12 seconds, a secondary R wave (R′) in
V1 or V2, and a wide slurred S wave in leads I, V5, and V6,
often with associated ST-segment depression and T-wave
inversion in the right precordial leads.
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Right bundle branch block occurs in 0.2% to 1.3% of gen-
eral population and may be an incidental finding on ECG or
a manifestation of occult or symptomatic heart disease (con-
genital, ischemic, inflammatory, rheumatic) and pulmonary
disease (pulmonary embolism, cor pulmonale).1–3

The clinical relevance of RBBB is not only determined by
its etiology, but also ultimately by its prognosis. However,
recent studies have reported conflicting results on its
association with clinical outcomes. For example, in general
population, the Women’s Health Initiative study of 53 197
women, free of cerebrovascular disease, did not identify
RBBB as a predictor of a significant increase in either
all-cause mortality or cardiac death during 14 years of
follow-up.4 However, the Copenhagen City Heart Study of
18 441 participants without prior myocardial infarction (MI)
or heart failure (HF) revealed that RBBB increased the
risk for all-cause mortality and cardiac death over 20 years
of follow-up.5 Furthermore, in patients with heart disease
(MI and HF), several other studies have reported positive
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associations between RBBB and all-cause mortality,6–11

whereas others have reported no association.12–14

We hypothesized first that RBBB as a manifestation of
heart disease (MI and HF) would be strongly associated with
a poor prognosis (increased risk of mortality), and second
that RBBB in an asymptomatic general population would
have an occult, undeclared cardiopulmonary cause, and
therefore would also be associated with a poor prognosis,
albeit more weakly than in patients with RBBB due to
symptomatic heart disease.

We performed a meta-analysis of large observational
studies to investigate the relationship between RBBB and
the outcomes of all-cause mortality and cardiac death among
general population, MI patients, and HF patients, and the
relationship between RBBB and the outcomes of MI and HF
among general population.

Methods
Search Strategy

Published studies were identified through a computer-based
search (up to February 1, 2015) of PubMed and EMBASE
for relevant literatures on the associations between RBBB
and all-cause mortality, cardiac death, MI, and HF by using
the keywords ‘‘right bundle-branch block*,’’ ‘‘right bundle
branch block*,’’ ‘‘RBBB,’’ ‘‘right BBB,’’ ‘‘mortality,’’ ‘‘death,’’
‘‘prognosis,’’ ‘‘outcome,’’ and ‘‘community,’’ and Medical
Subject Headings (MeSH) terms ‘‘healthy volunteers,’’
‘‘myocardial infarction,’’ and ‘‘heart failure.’’ The search was
limited to human studies. In addition, the PubMed option
‘‘Related Articles’’ was used, and the references of identified
studies were reviewed to search for potentially relevant
papers. Only papers published in English were considered.
No review protocol was available in the Cochrane Library.

Selection Criteria

Two reviewers (Y.X. and S.W.) independently reviewed the
abstracts and titles identified by the database searches and
together decided which articles should be retrieved. These
retrieved articles were reviewed by both authors to identify
suitable studies. Discrepancies were resolved by consensus.
Reviewers were not blinded to study authors and results.
Articles were considered for inclusion in this meta-analysis
if (1) the authors reported data from an original, peer-
reviewed study; (2) the study was a longitudinal cohort
study consisting of subjects who had an ECG at baseline, a
diagnosis of RBBB (or not) made at baseline according to
standardized diagnostic criteria, and who could be classified
as general population, acute MI, or HF (acute MI was
established by the presence of 2 of the following 3 criteria:
elevation of serum creatine kinase >2× upper limit of normal
values, characteristic chest pain lasting ≥30 minutes, or
ECG ST-T changes with evolution of an abnormal Q wave;
HF included acute congestive HF and chronic HF that
was diagnosed by clinical manifestations and diagnostic
tests, including echocardiography and/or biomarkers); (3)
hazard ratio (HR), relative risk (RR), or odds ratio (OR) of
RBBB for risk of all-cause mortality, cardiac death, MI, or HF
was available, or number of subjects with RBBB status and
all-cause mortality, cardiac death, MI, or HF were available,

which can be used to calculate the RR; (4) subjects were
adults age ≥18 years; and (5) the study was the most
relevant and most recent if subjects/populations overlapped
considering that many large sample studies were published
in this area, we arbitrarily selected studies with >1000
subjects with ECG data to provide more powerful evidence.
Exclusion criteria were (1) case report or cross-sectional
studies, (2) no or insufficient data, or (3) the same data
overlapped another eligible larger or more recent study.

Data Extraction

All data were independently abstracted in duplicate by
means of a standardized data-collection form. Discrepancies
were resolved by discussion and referencing the original
publication. We also contacted authors to request additional
information. The following information was extracted from
the eligible articles: study characteristics (study title,
authors, year of publication, journal, study site, follow-up
duration, and sample size), demographic characteristics
(mean age or age range and sex), number of subjects with
RBBB and no BBB (QRS duration <120 ms on ECG),
main outcome at follow-up (all-cause mortality, cardiac
death, MI, or HF), and analysis strategy (statistical models,
covariates included in the models). Duration of follow-up
among participants with MI at baseline was categorized
as in-hospital (ie, inpatient), within 30 days of MI, and
longer-term (>1 month after MI). Quality assessment was
performed with the Newcastle-Ottawa Scale for assessing
quality of cohort studies, and studies with ≥8 stars were
considered high-quality studies.

Data Synthesis and Analysis

Comparison groups were based on RBBB vs no BBB. Due to
the long duration of follow-up, adjusted HRs in multivariate
Cox proportional hazard models were used to assess the
relationship between RBBB and all-cause mortality, cardiac
death, MI, or HF in general population. Risk ratio was
used to evaluate the relationship of RBBB with all-cause
mortality in MI or HF patients. If HRs were not reported,
the numbers of different outcomes for both RBBB-positive
and RBBB-negative groups were recorded for each study
using 2 × 2 tables. Risk ratios and their 95% confidence
intervals (CIs) were calculated individually for each study.
Heterogeneity across studies was evaluated by means of
Q and I2 statistics.15 I2 ≥ 50% was considered significant
heterogeneity. Reasons for significant heterogeneity were
explored. Fixed-effects models were used to calculate the
pooled HRs or RRs if the studies did not have significant
heterogeneity. Otherwise, random-effects models were
utilized if the heterogeneity could not be explained or
stratified analyses could not be performed. Sensitivity
analyses were performed by excluding studies, one at a
time, or only including high-quality studies to evaluate the
impact of selected studies on study results.

The potential for publication bias was investigated
using visual assessment of the funnel plot calculated by
Review Manager 5.2 software (the Nordic Cochrane Centre,
Copenhagen, Denmark; http://ims.cochrane.org/revman).
As publication bias may lead to asymmetrical funnel plots,16
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we visually assessed publication bias based on funnel plots
with a study number ≥5.

Results
Literature Search

The search process is presented in Figure 1. A total of 1018
potentially relevant citations were initially identified. After
the first round of screening based on titles and abstracts,
45 articles remained for further evaluation. After examining
those articles in more detail, 26 articles were excluded for
reasons shown in Figure 1. In total, 19 articles were included
into the meta-analysis.

Study Characteristics

Characteristics of the selected studies are shown in the
Table 1. Of the 19 studies, 9 were conducted in Europe and
4 in the United States.

The diagnosis of RBBB was based on ECG in all studies;
17 studies only included complete RBBB, and 2 studies did
not mention the definition of RBBB.

The total number of participants included in this meta-
analysis was 201 437, ranging from 1220 in the smallest
study1 to 53 605 in the largest study.4 The study population
in 15 studies consisted of men and women, 1 study consisted
of only women, and 3 studies consisted of only men.

The studies varied with regard to follow-up duration
(1–246 months) and controlled variables in the multivariate
models.

Eighteen studies reported all-cause mortality, 5 studies
reported cardiac death, and 2 studies reported MI and HF
as clinical outcomes.

The quality of the studies included in the meta-analysis
was generally high; 13 studies had 8 or 9 stars, and 6 studies
had 5 to 7 stars (see Supporting Information, Table 1, in the
online version of this article).

All-Cause Mortality in General Population With Right
Bundle Branch Block

In general population, 6 studies reported RBBB and all-
cause mortality. Nonsignificant heterogeneity (I2 = 49%)
was found across the studies. Right bundle branch block
was associated with an increased risk of all-cause mortality
in general population, with an HR of 1.17 (95% CI: 1.03–1.33;
Figure 2).

Among the 6 studies, 4 studies evaluated RBBB for all-
cause mortality in men. Low heterogeneity was detected
among these studies (I2 = 9%), and the pooled HR for all-
cause mortality was 1.22 (95% CI: 1.03–1.45; see Supporting
Information, Figure 1, in the online version of this article).
Two studies reported the association between RBBB and
all-cause mortality in women, but there was significant
heterogeneity (I2 = 70%); the pooled HR was 1.09 (95% CI:
0.73–1.61).

All-Cause Mortality in Patients With Acute Myocardial
Infarction and Right Bundle Branch Block

In acute MI patients, the 5 studies that examined the
association between RBBB and in-hospital mortality each

reported a doubling of risk, and the pooled RR was 2.31
(95% CI: 2.13–2.49; I2 = 44%; Figure 3). In the single study
that reported the association between RBBB and 30-day
mortality, the association was also positive (RR: 2.85, 95%
CI: 2.46–3.30). The 3 studies that examined the association
between RBBB and longer-term mortality (>1 month
after MI) were characterized by significant heterogeneity
(I2 = 57%; Cochrane Q statistic: 4.68; P = 0.10) and a pooled
RR from random-effects model of 1.96 (95% CI: 1.59–2.42;
Figure 3). A sensitivity analysis, in which each study in
turn was omitted, showed that the study of Archbold et al13

had the largest influence on the heterogeneity. Without
this study, heterogeneity was nonsignificant (I2 = 48%;
Cochrane Q statistic: 1.93; P = 0.16) and the pooled RR
for longer-term mortality was 1.97 (95% CI: 1.83–2.11).

Further sensitivity analysis, which only included high-
quality studies, found similar results to all studies, with
pooled RRs of 2.28 (95% CI: 2.10–2.47) and 1.97 (95%
CI: 1.83–2.11) for in-hospital mortality and longer-term
mortality, respectively. Subgroup analysis according to
patient sex could not be performed because of a lack of
relevant reported data in these 8 studies.

Overall, in patients with MI, RBBB was associated with an
increased risk of all-cause mortality in-hospital, at 30 days,
and in the longer term.

All-Cause Mortality in Patients With Heart Failure and Right
Bundle Branch Block

In acute HF patients, 3 studies reported a modest increase
in risk of all-cause mortality (pooled RR: 1.11, 95% CI:
1.06–1.16). Moderate, but nonsignificant, heterogeneity
across the studies was present (I2 = 46%).

In chronic HF patients, 2 studies reported a significant
increase in risk of all-cause mortality (pooled RR: 1.75, 95%
CI: 1.38–2.22). No heterogeneity was observed (Figure 4).
A sensitivity analysis with only high-quality studies and
omission of any single study did not change the overall
result.

Cardiac Death in General Population With Right Bundle
Branch Block

In general population, 6 studies evaluated the association
between RBBB and risk of cardiac death; the pooled HR was
1.43 (95% CI: 1.17–1.74) with no heterogeneity among the
studies (see Supporting Information, Figure 2, in the online
version of this article).

Four of these studies provided separate data for men and
2 studies for women. There was no significant heterogeneity
among the studies (I2 = 44% in men and I2 = 13% in women)
and the pooled HRs were 1.72 (95% CI: 1.34–2.22) for men
and 1.63 (95% CI: 1.15–2.31) for women (see Supporting
Information, Figure 3, in the online version of this
article).

Cardiac Death in Heart Failure Patients With Right Bundle
Branch Block

In HF patients, only 1 study reported the risk of cardiac
death associated with RBBB.10 The HR was 1.89 (95% CI:
1.19–3.01).
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Figure 1. The flow chart of studies selection. Abbreviations: ECG, electrocardiographic; HR, hazard ratio; LBBB, left bundle branch block; OR, odds ratio;
RBBB, right bundle branch block; RR, risk ratio.
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Figure 2. RBBB for all-cause mortality in general population. Abbreviations: BBB, bundle branch block; CI, confidence interval; df, degrees of freedom; IV,
inverse variance; LBBB, left bundle branch block; RBBB, right bundle branch block; SE, standard error.

Heart Failure and Myocardial Infarction in General
Population With Right Bundle Branch Block

In general population, 2 studies reported RBBB and the
risk for MI and HF. Very low heterogeneity was detected
between the 2 studies, and RBBB was not associated with
incident MI or HF (see Supporting Information, figures 4
and 5, in the online version of this article).

Analysis of Publication Bias

In general population, MI, and HF patients, no publication
bias was evident upon graphical inspection of the funnel
plots for studies of the association between RBBB and all-
cause mortality in general population and patients with MI
and HF (see Supporting Information, figures 6–8, in the
online version of this article), as well as RBBB and cardiac
death in general population (see Supporting Information,
Figure 9, in the online version of this article). Funnel plots
were not constructed for studies of the association between
RBBB in general population and MI and HF because of too
few studies (<5).

Discussion
Several large epidemiological and cohort studies that
have examined the effect of RBBB on the risk of all-
cause mortality, cardiac death, MI, and HF have provided
inconsistent findings. Using a meta-analysis of published
large observational studies, we found that RBBB was
associated with an increased risk of all-cause mortality
in general population, MI, and HF patients, and with an
increased risk of cardiac death, but not MI or HF, in the
general population.

Right bundle branch block was also significantly
associated with an increased risk of all-cause mortality
and cardiac death in healthy men, and an increased risk
for cardiac death in healthy women. It is very interesting
to observe the sex differences on all-cause mortality in our
meta-analysis. Although the pooled HR was not significant,
it showed a positive trend for the association between RBBB
and all-cause mortality in women, but a strong conclusion
could not be drawn based on 2 studies. More studies are
warranted in future to evaluate whether women with RBBB
hazard a high risk for all-cause mortality.

The strengths of our meta-analysis are that it included all
published large-cohort studies, the methodological quality

of most studies was high, and the results of the associations
between RBBB and all-cause mortality, cardiac death, MI,
and HF in the general population and patients with MI
and HF are reasonably consistent and robust, allowing for
clinically meaningful insights.

Study Limitations

There are several potential limitations also, however.
First, our meta-analysis was limited to English-language
publications, raising the possibility of publication bias
by failing to include unidentified unpublished reports
and reports in other languages. Second, data extraction
and analyses were not blinded to the authors, journals,
or institutions of the publications, raising the possibility
of assessor bias. Nevertheless, the literature screening
and data extraction were performed independently by 2
investigators. Third, substantial heterogeneity was present
among some studies in some of the meta-analyses. Moderate
heterogeneity among studies of the association between
RBBB and all-cause mortality in general population was
mainly due to the differences among the studies in
their subjects (age, race, and sex), follow-up duration,
and covariates included in multivariate Cox regression
models.4,5 When heterogeneity was significant, random-
effects models were used in place of fixed-effects models.
Fourth, 2 studies did not clearly state how to define RBBB,
only introduced RBBB as a variable in the analysis, and
the presence of concomitant left fascicular block (anterior,
posterior, or even septal LBBB) and atrioventricular block
(mainly first degree), which may affect the prognosis, was
not noted in most of the studies. Fifth, our results are prone
to not only bias (publication bias, study-quality bias, assessor
bias), but also random error in areas where study numbers,
patient numbers, and outcome events were few, and hence
statistical power was limited. This was particularly evident
in studies of the relation between RBBB and MI and HF
in healthy individuals. Hence, more longitudinal studies
with larger sample size are warranted to investigate the
relationship of RBBB with MI and HF.

The underlying mechanism of how RBBB increased
overall risk for all-cause mortality and cardiac death in
general population patients is still unknown. Pathologic and
physiologic studies have indicated that RBBB is associated
with fibrosis of the conduction system17,18 and might
contribute to bradyarrhythmias and tachyarrhythmias.19 In
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Figure 3. RBBB for all-cause mortality in myocardial infarction. Abbreviations: BBB, bundle branch block; CI, confidence interval; df, degrees of freedom;
M-H, Mantel-Haenszel; RBBB, right bundle branch block.

Clin. Cardiol. 38, 10, 604–613 (2015) 611
Y. Xiong et al: Clinical importance of RBBB

Published online in Wiley Online Library (wileyonlinelibrary.com)
DOI:10.1002/clc.22454 © 2015 Wiley Periodicals, Inc.



Figure 4. RBBB for all-cause mortality in heart failure. Abbreviations: BBB, bundle branch block; CI, confidence interval; df, degrees of freedom; M-H,
Mantel-Haenszel; RBBB, right bundle branch block.

patients with MI, RBBB was more frequent in anterior MI,
which may reflect larger infarct territories, or was associated
with atrioventricular block and low left ventricular ejection
fraction.6,7 In patients with HF, RBBB was associated with
diminishing left ventricular systolic function,9,20 which is a
strong predictor for mortality.

It is likely that inclusion of RBBB in future iterations of
risk scores for general population and patients presenting
with MI and acute HF will help refine the predictive ability
of such risk scores to discriminate among relevant patients
along a continuum of risk of adverse outcomes.

Conclusion
Right bundle branch block was associated with a modest but
statistically significant increased risk for all-cause mortality
in general population and HF patients. A more pronounced
increased risk was observed in MI patients. Results from this
meta-analysis support previous prospective cohort studies
reporting that RBBB is not a benign finding, but portends a
higher mortality risk.
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