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ABSTRACT

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 [Cl]: 1.03-1.33) compared with no BBB. General
population with RBBB had an increased risk of cardiac death (HR: 1.43, 95% Cl: 1.17-1.74). For patients with
RBBB and acute MI, the pooled risk ratio was 2.31 (95% Cl: 2.13-2.49) for in-hospital mortality, 2.85 (95% Cl:
2.46-3.30) for 30-day mortality, and 1.96 (95% Cl: 1.59-2.42) for longer-term mortality. For acute HF patients,
the pooled risk ratio of all-cause mortality was 1.11 (95% Cl: 1.06-1.16), and for chronic HF patients it was 1.75
(95% Cl: 1.38-2.22).

Conclusions: Right bundle branch block is associated with an increased risk of mortality in general population
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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 Vo, and a wide slurred S wave in leads I, Vs, and Vg,
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).! =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.* 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.” 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,6~1!
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 x 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, M1, 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 x 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 P statistics.’® 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, 6
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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 201437, ranging from 1220 in the smallest
study? to 53 605 in the largest study.* 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 (% =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; IZ = 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 al'3
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%
CIL: 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 (2 = 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 (I? = 44% in men and /% = 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.1? The HR was 1.89 (95% CI:
1.19-3.01).
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1338 of records identified 9 of additional records identified

through database searching through other sources
PUBMED 896 References listed in papers 4
EMBACE 442 Conference abstracts 5

973 of records excluded based on
screening of title/abstract

- 189 Animial studies

-339 Non-English publications
-26 Case report

-55 Reviews

-46 Cross-sectional study

-22 Children studies

!

1018 of records after
duplicates removed

-293 Sample size <1000

I—

-3 No full-text

20 of full-text articles excluded, with reasons
-7 Incomplete data

-5 Not in healthy subjects, myocardial
infarction, or heart failure patients

-4 Duplicate data from the same study

45 of full-text articles -3 Patients with ECG data < 1000

assessed for eligibility *|-1 Case-control study with follow-up data

6 of full-text articles excluded after detailed
data retrieval

-2 Combined RBBB and LBBB as whole in
the data analysis

-1 No separate OR value for RBBB in
myocardial infarction, the analyses were
grouped by cardiogenic shock.

-1 No detail data of death

-1 Early study with Chi square coefficient
provided but it can not be transformed to

RR or HR.
25 of studies included in -1 compared RBBB vs. normal QRS in
qualitative synthesis healthy subjects for cardiovascular death

|

19 of studies included in
quantitative synthesis
(meta-analysis)

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.

Clin. Cardiol. 38, 10, 604—613 (2015)

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.



‘yjeap Jeipied pue Ajjepow asned-jje

paseaidul y)im pajerdosse sem gggy

*A)1jeliow asned-jje
9SeaIdU] Y}IM pajeIdosse sem gggy

‘WY Jo suoijejuasaid

93 I|e Woyj Is3ysS1y sem gagy pue
IWY Ynm sjuaized Jo Ajeniow jepdsoy uj

*Aenow Aep-o€
ysi1y jo 10321paud Jusapuadapul sem
|W @3nde Joudjue SulAuedwodde gggy

*Ayj)e}Iow asned-|je
40 10121paid Juspuadapul ue Jou sem
IW3LSN ul 999y ‘IW3LS ul gagy a1un

‘Anenow
9SNEed-||e puB YSII JBNISBAOIPIED

pasealnul Yim pajerdosse sem gggy

*yjeap Jeipied 1o Ayjeyow
asned-|je 10j 10301paid Juedyiusis
Jou Sem QA INOYHM USLIOM Ul g9y

*A)ijeliow JenISeAoIpIed
10 AjljeIoW asned-|je yjm pajedosse
Jou sem gggy padnpul-asidIaxy

*Ayjeiow asned-jje 10
Y3eap JBIPIRI ‘4H “|W JO SU pasealdul
OU SeM 313y} ‘ga gy Yim uauw uj

SuoIsn)IU0)

S9A

SIA

umowjun

SOA

S9A

SIA

SaA

S9A

SaA

(ON/s3)

s9]qelieA

9)dimnw
10y paisnipy

Yiesp
Je|p.ied ‘Ajljeliow asned-||y

Ayjenow asned-||y

Ayjeyiow asned-||y

Ayeyiow asned-||y

Ayjeyiow asned- |y

ainyey
1eay ‘|W 9inde ‘ylesp
Je|pJed ‘Ajljeliow asned-||y

Yiesp
oelpJied pue A}jeniow asned- |y

yyeap
Je|pied pue Ajijepow asned-|y

ainjiey
Jeay ‘|| a1nde ‘yjeap
oelpied ‘Ajljeniow asned-||y

JUBWISSaSSY awodlnQ

syodal
JUDAS 10 ‘uoissiwpeals
‘s Jenuue juaijedinQ

92IAI19S UOJIBIYIIUSPI

Y3eap ulyiim yjesp e jo

plodai ‘AysiSay a1edyina)
y3eaQ uesIydiw Jo sels

SpJodai je)dsoH

uoneIYILI
Uy3eap ‘spiodai |e)dsoH

dn-moj)joy suoydaja)

1915189y yieaq

40 sasne) ysiueq |euonieN

3y pue A13siSay juaiied
|euorjeN 3y} wolj pauieyqo

SIUIAD
1e1e) pue pazijendsoy
J0 @duB)jIdAINS AjUNWWod
pue ‘spi1odai |eyiA
‘dn-mojjoy suoyda)a) jenuuy

Xapu|
yieaq A3ndas |eos ay)
pue xapu] yjeaq elulojie) ayL

19151801

|W pue 131s18a1 3041

‘yieap uo 13)s1Say jeuoiieN
ysipams ay} ‘sp1odal |ejidsoH

ssad0id dn-mo)jo4

lendsoy-uj

IW3LS 1o} W

£STIWILSN 10j W 2T

891

A gz 1310 dn-moj)0y

‘umow|un uespy

W ‘uoneinp
dn-mojjoy
uelpaw/uespy

919)dwo)

9191dwo)

9191dwo)

99)dwo)

919)dwo)

919)dwo)

919)dwo)

9j9)dwo)

919)1dwo)

sadAy gggy

z9/t

Lo6‘z

zhl9

€0/t

9€9'92

‘gL

S09‘€S

€296

z6€/L

azis
9)dweg

ureds
ut £ 99 pase uswom
pue usw 4H d1uoly)

vsn ut A €9 pase
USBWOM pue uaw 4H aindy

a1gnday
Yoz ul A 59 pase
UBWIOM pUB UdW || 3INDY

ley
2-0¥3H ut A 19 pase
USWOM pUB uauw ||\ 3Indy

Auewag ui A 69
paSe uswom pue usw
IW3LSN pue |W3LS 31y

Apms yeay

Ay uaseyuado) ui

A 0z< pase uswom pue
usw-uoijeindod |esausn

VSN ul aAneniu|

Y)]eaH S,uswopm

ayj ul A zg pase

uswom-uoijeindod
IIENED)

vsnul

A 65 paSe usw uesslop
-uonejndod jesauan

uapams ui A z§ pase
uaw-uoijendod |esausn

syuedpiyed Apnis

salpn}s papnjdul ay} jo Alewwng °T ajqe]

o0r£10T ‘[ DI

65002
‘vd 4snojIndW

42102 ‘d Ajswipim

,900Z “)) Suop

58002 ‘| UUBWIB]Y

s€roz ‘3g>uIssng

2102 ‘\Z Sueyz

20102 ‘Y UIdS

15002 ‘d uossyu3

?2In0s

Clin. Cardiol. 38, 10, 604613 (2015)

tance of RBBB

inical impor

Cl
Published online in Wiley Online Library (wileyonlinelibrary.com)

Y. Xiong et al

ls, Inc.

Ica

10.1002/clc.22454 © 2015 Wiley Periodi

DOI



*a]qedrdde-uou ‘y/N S[90[q Yduelq d[pung o ‘g g {WeISoIpIed0nd9[o ‘O DIn[ref 1eay yim sjuoned ALIOp[o Ul UOISSIWPE [e)IdSOT] JB[NISBAOIPIED PUB A}I[elIow

UO [OJOAICU JO JO3JJ I} SUIULIAISP 0 [BLI} PIZIWOPUEY ‘SQYOINHS ‘UONIILJUI [BIPIEIOAT UONBAI[S JS-UOU ‘TINFISN ‘UONDIBJUT [RIPJEI0AUT UOTIBAS[D IS ‘TINALS DIN[IE] 318y ‘JH ‘UONOIeJul [BIPIBIOAT ‘TIA

*sjuaned 4H u1 yjeap jo Jojdipald
juapuadapuj ue sem gggy jou Ing gdg1

*Ayenow 1eah-1 pue Ajiea
10§ 10321paid Juapuadapul ue sem gggy

*Aenow jeydsoy-ul
paseaidu] 10y 10301paid Suosis e sem
IW Joiagul Suunp gggy Jusuewsad may

‘sjualjed
|W @1nde ul Ayjjeyiow jeydsoy ui 1oy
5|S1 Pasealdul YIm pajeldosse sem gagy

*sisouso.d sood e
13ju0 Jou pIp gggy pue paip juaijed oN

'$10]9B) YS1I I3]0 pue ‘S109)9p

uoisnyiad teajdnu ‘Ajdeded asidiaxs

104 Juawsn(pe 193y UsA3 ¥ S Ajljeriow

asned-||e 1o s10321paid Juapuadapul
219Mm ggg1 pue gggy 919)dwo)

*yjeap deipied
J03{SU 3Y] Y}IMm paje1dosse Jou sem gagy

*A)jeyiow asned-je pasealoul
Y)m pajeidosse Ajjuedyiusis sem gagy
Ajjeniow asnes-jje

pasealnul yjm paje1dosse sem gagy

‘|apou U0ISSaISa1 X0 dJeLBAN|NW
ur jou nqg Ajijepiow asned-jje
yum pajerdosse Ajjueoyiusis sem gggy

SuoISN)IU0)

V/N

SIA

umowjun

SOA

V/N

SOA

SA

umous|un

umous|un

SOA

(ON/s3A)

S9)|qelieA

adinw
10} paisnipy

Ayjenow asned-|y

Ayjeniow asned-|y

Ayjeyiow asned-y

Ayenow asned-|y

Ayenow asned-||y

Ayjenow asned-|y

yeap Jeipie)

Ayjepow asned-||y

Ayeyow asned-||y

Ayenow asned-||y

JUBWISSaSSY awodInQ

aileuuonsanb pazipiepuejs
Suisn majnLul
auoyda)a) ‘sysIA [edtul)

ag1eyodsip 1aye
umou|un ‘sp103al je3idsoH

spiodal jeydsoH

sp1023l jeyidsoy

S9)14 J2ISE Yieaq
uonensiulwpy A}INdaS je1os

puejuiy dnsieis
Aq paurejuiew 4a3s18a1
yleaq ay} Jo sasne) ay|

Aunbui a11p
10 Sp10231 JauoydeId
|e19uas ‘sp102ai jeyidsoH

aseqeie(Q SU0SIad paIaIsiSay

SHSIA Jea1uI)

ss920.1d dn-mojjo4

[47

(47

lendsoy-uj

endsoy-uj

08

86

09

o

z

W ‘uoneinp
dn-mojjoy
uelpaui/uesiy

9191dwo)

919)dwo)

9191dwo)

paiels Ajies)d oN

919)1dwo)

9191dwo)

9191dwo)

919)1dwo)

9191dwo)

pajels A1ea)d 10N

sadAy gagy

115G

Q€T

lze

0S/‘oz

zele

€0,

6629

ozz't

2806

gei'e

azis

9)dweg

Ajey) ur A o/ pase
USWOM puB U3W 4H 3Ny

uteds u1 A 05< pasSe
UBLOM PUB UBW [} NIy

uede( uj A o/ pase
USWOM pUB UIW [} 3INDY

uelj ui A 19 pase
USWOM puE uaW [ 91Ny

uede(
ur A €5 pase usw s)o)id

vsnut
A 09 pase uswom pue
uaw-8u}say asiIaxXa
1B3]oNU 951249
paywi-woldwAs

10} paL1ajal spaIqns

ysiuui4 ut A o€

130 pasSe uawom pue

usw-A3AINS 0002 YjeaH
93 woyy sienplalpu|

uopuo ut A 09 pase
USWIOM pue uaW || 91Ny

epeue) ul A S/ pase
USWOM pue uaw 4H 9ndy

ety

SYOIN3S J83uadnnW

ul A 9/ pase uswom
pue usW 4H d1uoiy)

syuedpiped Apnis

1.€002
‘S luosassepleg

9cL661
‘Y oualoy-ofaiesiap

52,6002 ‘[ eSsem|

77102 *y 1peuIyy

£.£002 ‘W 1yanSiue|

221002 ‘g SSaH

125102 ‘d elejeey

8661 ‘v ploqydiy

21102
‘WH 41ped-19pqy

»110Z “] ouezue

?2In0s

panunuo) ‘T 3jqe]

Clin. Cardiol. 38, 10, 604-613 (2015)

tance of RBBB

Clinical impor
Published online in Wiley Online Library (wileyonlinelibrary.com)

Y. Xiong et al

ls, Inc.

Ica

10.1002/clc.22454 © 2015 Wiley Periodi

DOI



haroup ota

ota

Bussink BE, 2013 0.0858 166 17651
Eriksson P, 2005 -0.1328 0.2466 70 7322
Hesse B, 2001 04186 0.1656 190 6733
Stein R, 2010 0.1215 0.4055 23 8024
Taniguchi M, 2003 0 0 36 2686
Zhang ZM, 2012 -0.1133 0.1465 534 52663
Total (95% CI) 1019 95079

Heterogeneity: Chi* = 7.80, df = 4 (P = 0.10); P = 49%
Test for overall effect: Z = 2.45 (P = 0.01)

Hazard Ratio

g V. Fixed, 85% CI IVlegf,a&:QCI
56.2% 1.24[1.05,1.47] L
6.8% 0.88[0.54, 1.42] ==
15.2% 1.52[1.10, 2.10] -
25% 1.13[0.51, 2.50] —
Not estimable
19.3%  0.89 [0.67, 1.19]
100.0% 1.17 [1.03, 1.33]
0102 05 1 2 5 10

No BBB RBBB

Figure 2. RBBB for all-cause mortality in general population. Abbreviations: BBB, bundle branch block; Cl, 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.*® 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 system!”!® and might
contribute to bradyarrhythmias and tachyarrhythmias.!® In
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Figure 3. RBBB for all-cause mortality in myocardial infarction. Abbreviations: BBB, bundle branch block; Cl, confidence interval; df, degrees of freedom
M-H, Mantel-Haenszel; RBBB, right bundle branch block.
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Figure 4. RBBB for all-cause mortality in heart failure. Abbreviations: BBB, bundle branch block; Cl, 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.%” In patients with HF, RBBB was associated with
diminishing left ventricular systolic function,»?° 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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