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BACKGROUND Ventricular arrhythmia (VA) is a life-threatening condition associated with cardiac sarcoidosis (CS). Right

bundle branch block (RBBB) is a common conduction disorder in CS; however, its association with VA remains unknown.

OBJECTIVES This study aimed to investigate the relationship between RBBB and VA in patients with CS.

METHODS This was a post hoc analysis of ILLUMINATE-CS (Illustration of the Management and Prognosis of Japanese

Patients with Cardiac Sarcoidosis), a multicenter, retrospective, and observational study that evaluated the clinical

characteristics and prognosis of CS. Eligible patients were divided into two groups based on the presence or absence of

RBBB at the time of diagnosis. The primary outcome was serious ventricular arrhythmia events (SVAEs), defined as a

combination of sudden cardiac death and documented ventricular fibrillation, sustained ventricular tachycardia, or

appropriate implantable cardioverter-defibrillator therapy.

RESULTS Overall, 312 patients were studied, with 155 (49.7%) patients presenting with RBBB (RBBB group). Patients in

the RBBB group had a higher prevalence of basal interventricular septum (IVS) thinning and prominent late gadolinium

enhancement in the basal IVS on cardiac magnetic resonance imaging than those in the non-RBBB group. During a median

follow-up of 3.0 years (IQR: 1.6-6.0 years), 66 patients experienced SVAE. In multivariable Cox regression analysis, the

RBBB group was independently associated with a higher incidence of SVAEs (HR: 1.93 [95% CI: 1.14-3.28]; P ¼ 0.015).

CONCLUSIONS In patients with CS, RBBB was an independent predictor of SVAEs, which might reflect the specific scar

distribution that is predominant in the IVS. (JACC Adv 2024;3:101105) © 2024 The Authors. Published by Elsevier on

behalf of the American College of Cardiology Foundation. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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ABBR EV I A T I ON S

AND ACRONYMS

BNP = B-type natriuretic

peptide

CMR = cardiac magnetic

resonance

CRT-D = cardiac

resynchronization therapy-

defibrillator

CS = cardiac sarcoidosis

FDG-PET = 18F-

fluorodeoxyglucose positron

emission tomography

ICD = implantable

cardioverter-defibrillator

IVS = interventricular septum

JCS = Japanese Circulation

Society

LBBB = left bundle branch

block

LGE = late gadolinium

enhancement

LVEF = left ventricular ejection

fraction

NSVT = non sustained VT

RBBB = right bundle branch

block

SCD = sudden cardiac death

SVAE = serious ventricular

arrhythmia event

VA = ventricular arrhythmia

VF = ventricular fibrillation

VT = ventricular tachycardia
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C ardiac sarcoidosis (CS) is a complex
disease characterized by diverse
cardiac pathologies arising from

inflammation and fibrosis, accompanied by
the infiltration of noncaseating granulomas.1

The principal clinical manifestations of CS
are conduction disorders and ventricular ar-
rhythmias (VA), leading to sudden death
and heart failure.2 VA is the second most
common manifestation of CS after atrioven-
tricular block and is a life-threatening event
with a significant impact on mortality.3,4 VA
is thought to arise from reentrant pathways
and increased automaticity due to inflamma-
tory reactions and scar formation associated
with granulomas.5

Right bundle branch block (RBBB) is a
frequently observed electrocardiographic
abnormality from the early stages of CS.2 A
recent study demonstrated that RBBB with a
large surface area of the R’ wave and PR
prolongation might reflect disease-specific
scar patterns, distinguishing CS presenting
with VA from other forms of cardiomyopa-
thy.6 Considering that myocardial scarring
represented by late gadolinium enhancement
(LGE) in cardiac magnetic resonance (CMR)
imaging has been demonstrated in patients
with CS who developed VA,7,8 the presence of
RBBB might be associated with scarring
and/or morphological abnormalities of ven-
tricles. We previously reported that patients
with CS who presented with VA were associated with
a large cardiac involvement on CMR and RBBB in our
single-center cohort.9 Therefore, we hypothesized
that RBBB at the time of CS diagnosis is associated
with cardiac morphological changes in patients with
CS and the occurrence of VA and sought to confirm
this hypothesis in a different cohort.

This study aimed to assess the association between
the RBBB and VA occurrence during the follow-up
period and to evaluate the characteristics of patients
with CS presenting with an RBBB, including scar
formation patterns on multimodality imaging.

METHODS

STUDY DESIGN AND POPULATION. This study was
conducted as a post hoc analysis of the ILLUMINATE-
CS (Illustration of the Management and Prognosis of
Japanese Patients with Cardiac Sarcoidosis). The de-
tails of the ILLUMINATE-CS have been previously
described.10 Briefly, patients with CS who were first
diagnosed at 33 hospitals between 2001 and 2017 were
included in the registry. Patients who refused to
enroll after being informed of their inclusion in the
registry were excluded. The diagnosis of CS was
based on either the 2016 Japanese Circulation Society
(JCS) criteria or the 2014 Heart Rhythm Society
consensus statement.4,11

A flow diagram of the patient selection process is
shown in Figure 1. From the 512 patients enrolled in
the ILLUMINATE-CS, cases lacking detailed QRS
morphology information and cases with pacing
rhythm at diagnosis were excluded. We divided the
patients into 2 groups (non-RBBB and RBBB groups)
according to the presence of RBBB on their electro-
cardiogram and compared their characteristics and
clinical outcomes. We defined RBBB as the presence
of an RSR’ pattern (V1 or V2) and a wide-slurred
S-wave in the lateral leads (I and V6). Patients with
an RBBB pattern with QRS duration $120 ms were
diagnosed with complete RBBB, whereas those with
an RBBB pattern with QRS duration <120 ms were
diagnosed with incomplete RBBB.12 In this study, we
considered both complete and incomplete RBBB as
the RBBB group.

The local ethics committee of each participating
institution approved the study protocol and followed
the guidelines of the Declaration of Helsinki. Data
were deidentified, and the requirement for informed
consent was waived.

DATA COLLECTION AND OUTCOMES. Baseline char-
acteristics, including age, sex, medical history, med-
ications, blood test data, and cardiovascular imaging
findings, were obtained during the initial diagnosis of
CS. Baseline was defined as the point at which a pa-
tient was diagnosed with CS by meeting the criteria
according to the JCS or Heart Rhythm Society. The
presence of atrioventricular block was assessed,
focusing on high-grade or third-degree atrioventric-
ular block. High-grade atrioventricular block was
defined as two or more consecutive P waves lacking
consistent ventricular conduction but showing evi-
dence of some atrioventricular conduction.13 Echo-
cardiographic measurements were performed
according to the guidelines.14 The left ventricular
ejection fraction (LVEF) was measured using the
biplane disk summation method. Echocardiographic
abnormalities, including basal interventricular
septum (IVS) thinning and presence of ventricular
aneurysm, were identified through reports from
experts at each center. Basal IVS thinning on



FIGURE 1 Flow Diagram of Patient Selection

RBBB ¼ right bundle branch block.
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echocardiography was defined as a basal IVS
thickness #4 mm or basal IVS/IVS ratio #0.6.4,15

Myocardial accumulation findings on 67Ga scintig-
raphy and 18F-fluorodeoxyglucose positron emission
tomography (FDG-PET), and LGE on CMR imaging
were determined by certified imaging specialist at
each institution according to current guidelines.16

The American Heart Association 17-segment model
was used to assess the distribution of myocardium
segments showing accumulation/hyperenhancement
on 67Ga scintigraphy, FDG-PET, and LGE on CMR
imaging.17 The transition of echocardiographic pa-
rameters was investigated in patients who were
examined at both baseline and final follow-up.

The primary end point was serious ventricular
arrhythmia events (SVAEs), defined as a combination
of sudden cardiac death (SCD) and documented ven-
tricular fibrillation (VF), sustained ventricular tachy-
cardia (VT) lasting for >30 s, or appropriate
implantable cardioverter-defibrillator (ICD) therapy.
Additionally, the secondary end points were all-cause
mortality and heart failure hospitalization. All
outcome data were retrospectively obtained from
medical records.
STATISTICAL ANALYSIS. Continuous variables are
expressed as median (IQR). Categorical data are pre-
sented as absolute numbers and percentages. Com-
parisons between 2 or more groups were made using
Mann–Whitney U test, Kruskal–Wallis test, and chi-
squared test, as appropriate. Kaplan–Meier curves
were generated to compare the cumulative incidence
of SVAEs, all-cause mortality, and heart failure hos-
pitalization between the groups using a log-rank test.
Cox regression analysis was used to assess the po-
tential variables associated with the occurrence of
SVAEs. Univariable Cox regression analysis was used
to identify variables potentially associated with
SVAEs. The assumptions of proportional hazards
were assessed using Schoenfeld residuals. Variables
known as poor prognostic factors for CS were
included in the multivariable analysis. HRs and cor-
responding 95% CIs were calculated. First, we per-
formed a multivariable analysis on a data set from
which data containing missing values were excluded.
Next, to account for missing covariate data, multiple
imputations were performed before multivariable
analyses, and 50 data sets were generated using a
chained-equation procedure implemented in the
“mice” package, version 3.15.0 of R.18,19 Accounting
death other than SCD and all-cause death as
competing risks for SVAEs and hospitalization for
heart failure, respectively, competing risk analysis
was conducted using the “cmprsk” package (version
2.2-11) of R.20,21 Regarding SVAEs, we performed
competing risk regression analysis using the Fine-
Gray proportional subhazard model and sub-
distributed hazard ratios (sHRs).22 We applied the
Gray tests to multivariable model analyses of the
presence of RBBB, isolated CS, history of VT/VF, and
LVEF as potential covariates. The cumulative inci-
dence of SVAEs and hospitalization for heart failure,
accounting for competing risks, was visualized in a
plot. To assess the transition of echocardiographic
parameters over time and the possible impact of
RBBB, we applied a mixed effect model under the
assumptions of data missing at random. The model
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was constructed using echocardiographic parameters
(LVEF, left ventricular diastolic diameter, and left
atrial diameter) as dependent variables, QRS
morphology (RBBB or non-RBBB), time of echocardi-
ography, and an interaction term for QRS morpholo-
gy�time as fixed variables, and individual patients
treated as random effects. The model was applied
with unstructured covariance for random effects. The
assumptions of homoscedasticity and normality of
error term or random effect were visually assessed.
All statistical analyses were performed using R,
version 4.1.0 (R Foundation for Statistical Computing,
Vienna, Austria). A value of P < 0.05 was considered
statistically significant.

RESULTS

CLINICAL AND IMAGING CHARACTERISTICS IN PATIENTS

WITH RBBB. Among the 312 patients (age
61.1 � 11.0 years, 32.1% male) in this analysis, 155
(49.7%) had RBBB at diagnosis (RBBB group),
including 13 with incomplete RBBB, while the
remaining 157 (50.3%) constituted the non-RBBB
group. Among all patients, 205 (65.7%) had histolog-
ical confirmation of sarcoidosis, and 33 (22.3%) were
diagnosed with CS via positive endomyocardial bi-
opsy. Isolated CS was diagnosed in 60 patients
(19.2%), including 11 patients (3.5%) with histological
confirmation. Notably, at baseline, 15 patients (4.8%)
had an ICD/cardiac resynchronization therapy-
defibrillator (CRT-D), and 36 (11.5%) had a perma-
nent pacemaker. Moreover, throughout the follow-up
period, 61 patients (19.6%) underwent ICD/CRT-D
implantation, and 27 patients (8.7%) received per-
manent pacemakers. Consequently, a total of 76 pa-
tients (24.3%) were treated with ICD/CRT-D, and 63
patients (20.1%) were treated with pacemaker. Table 1
presents the baseline patient characteristics. The pa-
tients in the RBBB group were older and had a higher
proportion of history of non sustained VT (NSVT)
than those in the non-RBBB group. Moreover, a his-
tory of VT/VF and ICD/CRT-D implantation was ten-
ded to be more prevalent in the RBBB group. The
proportion of patients with NYHA functional class III
and IV and the levels of B-type natriuretic peptide
(BNP) were similar between the two groups. The
electrocardiographic evaluation showed that 18
(11.5%) patients in the non-RBBB group had a left
bundle branch block (LBBB), while a left anterior
fascicular block was significantly more prevalent in
the RBBB group than in the non-RBBB group. Echo-
cardiographic data showed that basal IVS thinning
was more prevalent in the RBBB group than in the
non-RBBB group, whereas the LVEF at baseline was
similar between the two groups. The proportions of
patients with significant accumulation of 67Ga scin-
tigraphy or FDG-PET and LGE on CMR imaging were
similar between the two groups. When we assessed
the distribution of LGE on CMR imaging in 17
myocardial segments, the RBBB group showed a
significantly higher prevalence of LGE in the basal
anteroseptal and basal anterior lesions than the non-
RBBB group (Figure 2), which is consistent with a
higher incidence of thinning at the base of the IVS
on echocardiography (Table 1). The distribution of
FDG-PET accumulation was more prevalent in the
apical anterior lesions in the RBBB group than in
the non-RBBB group, indicating a larger extent of
active lesions. The non-RBBB group showed a
higher prevalence of FDG accumulation in basal to
mid-inferolateral lesions than the RBBB group.

CLINICAL OUTCOME IN PATIENTS WITH RBBB. Dur-
ing a median follow-up of 3.0 (IQR: 1.6-6.0) years,
66 patients experienced SVAEs as a primary
endpoint. Additionally, 29 patients experienced all-
cause mortality, and 26 were hospitalized owing to
heart failure. Among the 66 cases who developed
SVAEs, SCD occurred in 9 patients (13.6%), sustained
VT in 49 patients (74.2%), VF in 4 patients (6.1%), and
appropriate ICD therapy in 4 patients (6.1%). Notably,
1 patient who had sustained VT eventually developed
SCD. Among 29 patients who experienced all-cause
death, 20 patients (69%) had cardiovascular deaths
(including 10 [34.5%] SCD, 8 [27.6%] heart failure, 1
[3.4%] stroke, and 1 [2.4%] periprocedural death) and
9 (31.0%) had noncardiovascular deaths (sepsis in 2
patients, unknown causes in 2 patients, and renal
failure, gastric bleeding, multi organ failure, choking,
and unspecified natural causes in 1 patient each).
Survival analysis showed that the RBBB group was
significantly associated with a higher incidence of
SVAEs (median survival time: non-RBBB group:
14.3 years [95% CI: 14.3–not reached] vs RBBB group:
12.4 years [95% CI: 7.4–not reached], log-rank
P ¼ 0.005) (Figure 3A). To mitigate the impact of a
history of arrhythmic events, we repeated the log-
rank test in the subgroup of patients without history
of VT/VF or ICD/CRT-D implantation. In this sub-
group, RBBB was significantly associated with a
higher incidence of SVAEs (log-rank P ¼ 0.03)
(Figure 3B). The association between RBBB and SVAEs
remained significant even after excluding patients
with a history of NSVT (log-rank P ¼ 0.04) (Figure 3C).
Mortality rate and heart failure rehospitalization
incidence were similar between the two groups



TABLE 1 Baseline Characteristics (N ¼ 312)

Non-RBBB Group
n ¼ 157 (50.3%)

RBBB Group
n ¼ 155 (49.7%) P Value Missing (%)

Age (y) 61.0 (52.0-68.0) 63.5 (55.2-69.0) 0.012 0.3

Male 43 (27.4) 57 (36.8) 0.098 0

Extracardiac involvement

Eye 49 (31.8) 47 (30.9) 0.963 1.9

Lung 92 (59.0) 96 (62.7) 0.574 1.0

Skin 43 (28.1) 23 (15.4) 0.012 3.2

Isolated CS 34 (21.7) 26 (16.8) 0.342 0

Past medical history

Hypertension 57 (37.5) 49 (34.0) 0.616 5.1

Diabetes 41 (27.2) 40 (28.0) 0.979 5.8

HF admission 27 (17.8) 19 (13.0) 0.33 4.5

Pacemaker implantation 21 (13.6) 15 (10.2) 0.46 3.5

ICD/CRT-D implantation 6 (3.9) 9 (6.1) 0.551 4.2

NYHA functional class III/IV 27 (17.5) 16 (10.8) 0.132 3.2

Arrhythmias and conduction disorders

VT/VF 15 (9.8) 23 (16.1) 0.15 5.1

NSVT 22 (14.5) 37 (26.4) 0.017 6.4

High-grade or third-degree AVB 29 (19.1) 29 (19.3) >0.999 3.6

AF 15 (9.9) 11 (7.7) 0.638 5.8

Creatinine (mg/dL) 0.7 (0.6-0.9) 0.8 (0.7-0.9) 0.253 2.9

BNP (pg/mL) 104.4 (41.5-230.1) 144.5 (57.4-358.1) 0.096 26.3

Electrocardiogram

PQ interval (ms) 177.5 (154.5-208.0) 184.0 (158.0-224.0) 0.213 19.2

QRS duration (ms) 106.0 (92.0-120.0) 142.0 (134.0-158.2) <0.001 2.9

LBBB 18 (11.5) 0 (0) <0.001 4.2

LAFB 14 (8.9) 29 (20.3) 0.008 3.8

LPFB 0 (0) 5 (3.5) 0.055 4.2

Echocardiographic data

LVEF (%) 53.5 (38.9-63.2) 52.0 (38.0-63.0) 0.76 2.9

Basal IVS thinning 47 (31.5) 73 (48.7) 0.004 4.2

LV aneurysm 19 (12.8) 15 (10.0) 0.556 4.5
67Ga scintigraphy uptake 35 (38.5) 36 (45.6) 0.435 45.5

LGE on CMR 99 (92.5) 102 (91.1) 0.885 29.8

FDG-PET uptake 85 (93.4) 86 (94.5) >0.999 41.7

Medication at baseline

ACE I/ARB 77 (49.0) 75 (50.0) 0.958 1.6

Beta-blocker 56 (35.7) 49 (32.9) 0.695 1.9

Class I antiarrhythmic drug 1 (0.6) 5 (3.4) 0.193 2.6

Amiodaron 11 (7.0) 16 (10.7) 0.343 1.9

Steroid use after diagnosis 136 (86.6) 136 (87.7) 0.9 0

Values are median (IQR) or n (%).

ACE I ¼ angiotensin-converting enzyme inhibitor; AF ¼ atrial fibrillation; ARB ¼ angiotensin II receptor blocker; AVB ¼ atrioventricular block; BNP ¼ brain natriuretic peptide;
CMR ¼ cardiac magnetic resonance; CRT-D ¼ cardiac resynchronization therapy defibrillator; CS ¼ cardiac sarcoidosis; FDG-PET ¼ 18F-fluorodeoxyglucose positron emission
tomography; HF ¼ heart failure; ICD ¼ implantable cardioverter-defibrillator; IVS ¼ interventricular septum; LAFB ¼ left anterior fascicular block; LBBB ¼ left bundle branch
block; LGE ¼ late gadolinium enhancement; LPFB ¼ left posterior fascicular block; LV ¼ left ventricular; LVEF ¼ left ventricular ejection fraction; NSVT ¼ non-sustained
ventricular tachycardia; RBBB ¼ right bundle branch block; VF ¼ ventricular fibrillation; VT ¼ ventricular tachycardia.
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(Figures 4A and 4B). Furthermore, 19 patients newly
developed high-grade or third-degree atrioventric-
ular block, and there was no significant difference in
the incidence between the 2 groups (non-RBBB group
6 [3.9%] vs RBBB group 13 [9.0%]; P ¼ 0.122). In
univariable Cox regression analysis, RBBB was
significantly associated with an increased risk of
SVAEs (HR: 2.02 [95% CI: 1.22-3.33]; P ¼ 0.006)
(Table 2). Isolated CS, a history of VT/VF, a history of
ICD/CRT-D implantation, higher log-transformed BNP
levels, and lower LVEF were also associated with an
increased risk of SVAEs. In a multivariable Cox



FIGURE 2 Distribution of LGE on CMR Imaging and Accumulation of FDG-PET

The proportion of LGE on CMR imaging and accumulation on FDG-PET in each of the 17 segments of the left ventricular myocardium.

The RBBB group exhibited a higher prevalence of LGE in the basal anterior, basal anteroseptal, and apical inferior walls of the left ventricle.

Furthermore, FDG-PET accumulation was higher in the apical anterior wall of the RBBB group, whereas the non-RBBB group displayed a higher

prevalence of inferolateral lesions. Areas with significant differences are highlighted in red (*P < 0.05). CMR ¼ cardiac magnetic resonance;

CT ¼ computed tomography; FDG ¼ 18F-fluorodeoxyglucose; LGE ¼ late gadolinium enhancement; PET ¼ positron emission tomography;

other abbreviation as in Figure 1.
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regression analysis adjusting for these confounders,
RBBB was independently associated with a higher
incidence of SVAEs in the Cox regression analysis
(HR: 2.28 [95% CI: 1.23-4.24]; P ¼ 0.009)
(Supplemental Table 1). Considering missing values
and analyzing a multiple imputed data set, RBBB
remained independently associated with a
higher incidence of SVAEs (HR: 1.93 [95% CI: 1.14-
3.28]; P ¼ 0.015), a history of VT/VF (HR: 2.90 [95% CI:
1.54-5.46]; P ¼ 0.001), and lower LVEF (HR: 0.98
[95% CI: 0.96-1.00]; P ¼ 0.040) (Table 2).

Given the possibility of competing risks between
SVAEs and death other than SCD, we performed
competing risk regression analyses. In a multivariable
model with RBBB, isolated CS, history of VT/VF, and
LVEF as potential covariates, the presence of RBBB
was independently associated with a higher risk of
SVAEs (sHR: 2.21 [95% CI: 1.28-3.80]; P ¼ 0.0045).
Cumulative incidence curves constructed using
competing risk assumptions showed that the pres-
ence of RBBB was associated with a higher risk of
SVAEs (log-rank, P ¼ 0.005) (Supplemental
Figure 1A). Cumulative incidence curves for hospi-
talization for heart failure were similar between the
two groups, accounting for all-cause death as a
competing risk (Supplemental Figure 1B).

Furthermore, we repeated the analysis to assess
the impact of bundle branch block types other than



FIGURE 3 Kaplan–Meier Curves for Serious Ventricular Arrhythmic

Events
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RBBB after subdividing the non-RBBB group into
LBBB (n ¼ 18) and non-BBB groups (n ¼ 139). The
RBBB group showed a higher prevalence of NSVT and
basal IVS thinning than the LBBB and non-BBB groups
(Supplemental Table 2). SVAEs were observed in 21,
42, and three patients in the non-BBB, RBBB, and
LBBB groups, respectively. In the non-BBB, RBBB,
and LBBB groups, 12, 15, and 2 patients, respectively,
experienced all-cause death, whereas 13, 12, and one
patient, respectively, were hospitalized for heart
failure. In addition, RBBB was significantly associated
with SVAEs compared to non-RBBB (P ¼ 0.015), and
this association remained significant when incom-
plete RBBB was excluded from the RBBB group
(P ¼ 0.017) (Supplemental Figure 2). In the multivar-
iable Cox proportional hazard model, RBBB was
independently associated with increased risk of
SVAEs (HR: 2.03 [95% CI: 1.17-3.52]; P ¼ 0.013), while
the LBBB group was not associated with SVAEs
(Supplemental Table 3). Regarding secondary out-
comes, the LBBB and non-BBB groups were not
associated with all-cause mortality and heart failure
rehospitalization (Supplemental Figure 3).

The changes in echocardiographic parameters are
shown in Supplemental Figure 4. Based on the mixed
effects model, no significant improvement existed in
the LVEF, left ventricular diastolic diameter, or left
atrial diameter during follow-up. The changes in
these left heart parameters during follow-up were
similar between the RBBB and non-RBBB groups.

DISCUSSION

In this study, using the largest cohort of patients with
CS, we observed that RBBB at the time of diagnosis
was independently associated with an increased risk
of SVAEs (Central Illustration). Furthermore, patients
with CS presenting with an RBBB had a higher prev-
alence of basal IVS thinning on echocardiography and
LGE on CMR imaging in ventricular basal septum le-
sions. However, the presence of RBBB was not asso-
ciated with all-cause mortality and heart failure
hospitalization. Moreover, the proportion of patients
with a history of VT/VF tended to be higher in the
RBBB group at baseline, indicating that the RBBB
morphology may reflect specific scar formation, pre-
dominantly in the ventricular septum, which in-
creases the risk of VA.

ASSOCIATION BETWEEN RBBB AND VA IN CS. To
the best of our knowledge, this is the first report to
show an association between the RBBB and SVAEs
in patients with CS. Previous studies have reported
the presence of RBBB in approximately 12 to 66% of
patients with CS4; hence, it is reasonable that RBBB
Continued on the next page
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FIGURE 4 Kaplan–Meier Curves for All-Cause Death and Heart Failure Hospitalization

Kaplan–Meier curves demonstrated that the presence of an RBBB at diagnosis did not alter the risk of all-cause death (P ¼ 0.80) (A or

hospitalization for heart failure (P ¼ 0.90) (B. Abbreviation as in Figure 1.
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was present in about half of all patients in the
present study. Although patients with RBBB were
slightly older than those without RBBB in the pre-
sent cohort, no significant differences existed in
BNP levels or LVEF, both of which have been shown
to correlate with prognosis in patients with CS.23,24

Additionally, no significant differences existed in
LVEF or left ventricular diastolic diameter owing to
the presence of RBBB during follow-up. These
findings indicate that the presence of RBBB does
not reflect the degree of overall cardiac function or
heart failure, which is consistent with the fact that
RBBB was not associated with the secondary out-
comes of the present study, including all-cause
mortality or heart failure hospitalization. Nar-
asimhan et al reported that RBBB was associated
3 Continued

Meier curves show the event-free rate of SVAEs according to the

e of RBBB at diagnosis. Individuals with an RBBB had a significantly

isk of developing SVAEs than those without an RBBB (P ¼ 0.005)

association between RBBB and SVAEs was also significant in the

p of patients without a history of VT/VF or ICD/CRT-D implanta-

0.03) (B). The association between RBBB and SVAEs remained

nt even after excluding patients with a history of NSVT from this

p (P ¼ 0.04, C). CRT-D ¼ cardiac resynchronization therapy defi-

; ICD ¼ implantable cardioverter-defibrillator; NSVT ¼ non

d ventricular tachycardia; SVAE ¼ serious ventricular arrhythmic

F ¼ ventricular fibrillation; VT ¼ ventricular tachycardia; other

tion as in Figure 1.
with an increased risk of sudden cardiac arrest in
patients with systemic sarcoidosis using the U.S.
national database;25 their findings were consistent
among younger patients with normal left ventricu-
lar function. Although, this was conducted in sys-
temic sarcoidosis rather than CS, their findings align
with ours, indicating the clinical relevance of con-
duction abnormalities as prognostic markers in pa-
tients with CS.

A few studies, which have thoroughly analyzed
electrocardiographic abnormalities and the prog-
nosis of CS, reported that a fragmented QRS was
associated with VA events, including NSVT and VT,
in patients with CS.26,27 Interestingly, a higher
prevalence of RBBB was reported in those with a
fragmented QRS.27 Recently, Hoogendoorn et al re-
ported that in patients undergoing catheter ablation
for VT, a marked prolongation of the R’-wave and
PR interval in V1–V3 is specific for patients with CS,
and that these markers are useful in differentiating
from arrhythmogenic right ventricular cardiomyop-
athy.6 In the same report, any R’ waves in V1–V3

leads were also significantly more common in CS,
suggesting that RBBB may reflect CS-specific scar
formation, which is distinct from arrhythmogenic
right ventricular cardiomyopathy. Furthermore, in
an electrophysiological study of patients with CS
presenting with VT, scarring was widely observed in
both ventricles and was most frequent in the IVS,
followed by the anterior wall in the left ventricle.28

In the present study, the RBBB group demonstrated
a higher prevalence of anteroseptal and anterior



TABLE 2 Univariable and Multivariable Cox Proportional Hazards Model Analysis for

Serious Ventricular Arrhythmic Events

Univariable Multivariable

HR 95% CI P Value HR 95% CI P Value

RBBB 2.02 1.22–3.33 0.006 1.93 1.14–3.28 0.015

Age 1.01 0.98–1.03 0.580

Male 1.46 0.88–2.42 0.138

Isolated CS 2.16 1.24–3.73 0.006 1.54 0.85–2.81 0.153

Past medical history

Hypertension 1.22 0.72–2.04 0.460

Diabetes 0.59 0.31–1.14 0.114

HF admission 1.08 0.55–2.13 0.823

Arrhythmias

AF 1.01 0.40–2.54 0.978

VT/VF 3.98 2.27–6.97 <0.001 2.90 1.54–5.46 0.001

Pacemaker implantation 0.48 0.17–1.33 0.158

ICD/CRT-D implantation 2.73 1.24–6.01 0.013 1.18 0.46–2.99 0.727

Creatinine 1.30 0.99–1.71 0.063

Log-transformed BNP 1.82 1.15–2.90 0.011 1.47 0.87–2.48 0.144

Echocardiography

LVEF 0.97 0.96–0.99 <0.001 0.98 0.96–1.00 0.040

IVS thinning 1.12 0.67–1.86 0.664

LV aneurysms 1.21 0.59–2.46 0.601
67Ga scintigraphy uptake 1.12 0.61–2.07 0.709

FDG-PET uptake 0.83 0.25–2.72 0.755

LGE on CMR 1.55 0.55–4.40 0.407

Beta-blocker at baseline 1.50 0.90–2.51 0.122

Steroid use after diagnosis 0.60 0.32–1.13 0.113

Abbreviations as in Table 1.
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wall scarring detected using CMR, which was
consistent with these previous electrophysiological
findings. Therefore, the RBBB might be a phenotype
of the arrhythmogenic substrate in patients with CS,
independent of the overall cardiac function.
DISTRIBUTION OF SCAR FORMATION IN PATIENTS

WHO PRESENTED WITH RBBB. In this study, basal
IVS thinning and LGE in the IVS were more preva-
lent in patients with CS and RBBB. Several previous
reports have demonstrated that CS involvement
detected using LGE on CMR imaging is more
frequently observed in the IVS and indicates poor
prognosis, including VA.29-31 In addition, IVS thin-
ning detected using echocardiography has been re-
ported to be associated with symptomatic
arrhythmia and heart failure rather than atrioven-
tricular block.15,32 Generally, the Purkinje network,
which passes through the IVS, plays a crucial role in
VA development.33 Hence, the destruction of Pur-
kinje fibers by granulomatous infiltration is consid-
ered a major contributor to VA in CS.34 Thus, in
patients with RBBB, IVS thinning may represent an
advanced form of IVS involvement in CS and de-
molition of the Purkinje network. However, the
RBBB may be associated with abnormal right ven-
tricular systolic function apart from IVS
morphology,35 and future studies should include
right ventricular morphology and function in pa-
tients with CS.

CLINICAL IMPLICATION. Although RBBB is generally
considered an insignificant electrocardiogram
finding, this study is the first to provide evidence of
an association between RBBB and the occurrence of
SVAEs. The RBBB group was also characterized by
significant scar formation in the basal ventricular
septum on echocardiography and CMR imaging.
These results emphasize the likelihood of VAs
necessitating ICD implantation in patients with CS
who present with RBBB, indicating the importance of
careful monitoring.

STUDY LIMITATIONS. First, the guidelines of the
JCS4 were used for some CS diagnoses, and as a
result, histological confirmation was not performed
in all patients. Second, in the present study, pa-
tients with pacing rhythm were excluded, which
may have caused hidden bias. Third, in the Cox
analysis, CIs were not adjusted for multiple com-
parisons and should be interpreted cautiously.
Fourth, this study is a multicenter retrospective
design, and statistical bias regarding errors among
institutions was not entirely eliminated. Fifth,
although this registry comprised the largest number
of patients, some data were unavailable because of
the retrospective nature of the study. Particularly,
we did not have data on the right ventricle and
could not examine the impact of RBBB on changes
in right ventricular morphology and function or
CMR/FDG-PET findings. Thus, we might have
missed the opportunity to explore the possible
mechanisms of association between RBBB and
SVAEs. Furthermore, we did not have data on the
existence of pulmonary hypertension associated
with the occurrence of RBBB. The small number of
patients observed for >10 years raises concerns
about statistical power; however, the extensive
follow-up period provides additive insights into the
long-term clinical history of CS. Furthermore, due
to the small number of patients with LBBB in this
study, further research involving a larger sample
size is warranted to assess the prognosis of patients
with LBBB. Additionally, data on advanced cardio-
vascular imaging were missing for approximately
one-third of the patients, which may have



CENTRAL ILLUSTRATION Association Between RBBB and Ventricular Arrhythmia in Patients With CS

Yamada Y, et al. JACC Adv. 2024;3(8):101105.

(A) The study participants were divided into RBBB and non-RBBB groups, depending on the presence of RBBB at diagnosis. ECG, Echocardiography, and CMR in

representative cases from each group are presented. Yellow arrows represent echocardiographic basal IVS thinning and LGE on CMR imaging. (B) RBBB was

significantly associated with the occurrence of SVAEs in patients with CS. CS ¼ cardiac sarcoidosis; ECG ¼ electrocardiography; IVS ¼ interventricular septum;

SCD ¼ sudden cardiac death; other abbreviations as in Figures 1 to 3.
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introduced a selection bias into the analysis using
these data. Further studies with larger prospective
cohorts including comprehensive advanced imaging
evaluation and electrophysiological evaluation are
needed to clarify the association between RBBB and
prognosis, and its mechanistic background.
CONCLUSIONS

At the time of diagnosis, the RBBB was an indepen-
dent predictor of SVAEs in patients with CS and was
associated with scar formation in the basal ventricu-
lar septum.



PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE: This study pro-

vides evidence of an association between the presence of RBBB

at the time of diagnosis and the occurrence of SVAEs, as well as

scar formation at the basal ventricular septum.

TRANSLATIONAL OUTLOOK: The findings of this study

emphasize the importance of careful monitoring of VA in patients

with CS presenting with RBBB and consideration of ICD

requirements.
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