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Previous studies have reported worse outcomes for patients with right bundle branch
block (RBBB) complicating acute ST-segment elevation myocardial infarction (STEMI).
There is a paucity of data examining outcomes with RBBB and STEMI in contemporary
large-scale studies. This study aims to explore the outcomes of patients with anterior wall
STEMI (AW-STEMI) and RBBB. Using ICD-9 codes, we queried the National Inpatient
Sample of 1999 to 2014 to identify AW-STEMI admissions and stratified them for the
presence of RBBB. Primary outcome was in-hospital mortality within 30 days. Secondary
outcomes included acute heart failure, complete heart block, and permanent pacemaker
implantation. Cox-proportional logistic regression models were used to determine the haz-
ard ratios of the primary outcome and secondary outcomes and interventions. Among
1,075,875 weighted anterior wall STEMI (AW-STEMI) admissions, 19,153 (1.8%) had
RBBB. Compared with patients without RBBB, mortality was significantly higher for
patients with RBBB (9.2% vs 15.3%; p <0.0001). RBBB in the setting of AW-STEMI was
associated with a 66% increased risk of 30-day in-hospital mortality (hazard ratios [HR],
1.66; 95% confidence interval [CI], 1.52 to1.81; p <0.0001) and a higher likelihood of acute
heart failure (HR, 1.37; 95% CI, 1.29 to 1.45; p <0.0001), complete heart block (HR, 2.90;
95% CI, 2.64 to 3.18; p <0.0001) and utilization of a permanent pacemaker (HR, 2.51;
95% CI, 1.89 to 3.35; p <0.0001). In conclusion, the presence of RBBB in the setting of an
AW-STEMI is a significant independent predictor of a poor prognosis, including a higher
rate of acute heart failure, complete heart block, need for a permanent pacemaker, and a
higher 30-day in-hospital mortality. © 2020 Elsevier Inc. All rights reserved. (Am J Car-
diol 2021;140:20−24)
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The presence of right bundle branch block (RBBB) on 12-
lead electrocardiogram (ECG) is common in patients with
acute myocardial infarction (AMI), observed in up to 16% of
patients, with a wide range in reported prevalence (3% to
16%).1−15 New RBBB is less common, occurring in about
0.3% to 4.6% of all AMI2,4,6,9,12,16 and presumably as a
result of ischemia involving the intraventricular conduction
system. Blood supply to the proximal right bundle, as well as
the left anterior fascicle, comes from the septal arteries.
Therefore, one would expect that an AMI resulting in the
development of RBBB would be associated with
an occlusion of the proximal left anterior descending
artery (LAD) and imply a worse prognosis. Many earlier
studies have demonstrated higher short- and long-term
mortality1,3,6−14 and greater need for permanent pacemaker
implantation11,17 in patients with RBBB. These studies have
been limited due to small sample sizes, inclusion of patients
with and without ST-segment elevation on ECG, and varia-
tions in the management of the AMI (many of whom did not
receive acute reperfusion therapies). Owing to the absence of
large-scale studies, specifically examining patients with ante-
rior wall ST-segment elevation myocardial infarction ante-
rior wall STEMI (AW-STEMI) and RBBB, we examined
the prognostic significance of RBBB in patients admitted to
the hospital with acute AW-STEMI. We hypothesized that
compared with patients without RBBB, the presence of
RBBB in patients with AW-STEMI would be associated
with increased morbidity and mortality.
Methods

The data source for this study was the healthcare cost and
utilization project 19 national inpatient sample (NIS) records
for years 1999 to 2014. The NIS is one of the largest publicly
available databases in the United States and contains infor-
mation on over 7 million hospital discharges per year. It uses
a 20% stratified sample of hospital discharges from across
the country. Diseases and procedures are identified using the
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Table 1.

Demographic, clinical and treatment characteristics of patients with AW-

STEMI, with and without RBBB

Variable Right bundle branch block p value

Yes

(N = 19,153)

No

(N = 1,056,722)

Age, mean (SD) (years) 68.5 (14.3%) 64.9 (14.6%) <.0001
Woman 5,495 (28.6%) 381,189 (36.1%) <.0001
Diabetes mellitus 4,759 (24.8%) 245,716 (23.3%) .02

Hypertension 8,822 (46.1%) 495,010 (46.8%) .35

Coronary artery disease 13,497 (70.5%) 735,818 (69.6%) .30

Chronic kidney disease 1,235 (6.4%) 54,645 (5.2%) <.001
Cerebrovascular disease 771 (4.0%) 46,576 (4.4%) .24

Heart failure 6,436 (33.6%) 302,783 (28.7%) <.001
Ventricular Tachycardia 2,590 (13.5%) 99,862 (9.4%) <.001

White 15,256 (79.7%) 835,338 (79.1%) <.001
Black 1,266 (6.6%) 77,629 (7.3%)

Hispanic 1,365 (7.1%) 75,443 (7.1%)

Others 1,258 (6.6%) 68,189 (6.5%)

Charlson comorbidity index

0 10,519 (54.9%) 604,937 (57.2%) <.001
1 5,762 (30.1%) 305,790 (28.9%)

≥2 2,872 (15.0) 145,995 (13.8%)

Insurance Status

Medicare 11,022 (57.7%) 510,452 (53.6%) <.0001
Medicaid 893 (4.7%) 64,155 (6.7%)

Private including HMO 5,428 (28.4%) 365,992 (38.4%)

Self-pay/no charge/other 1,760 (9.2%) 113,651 (11.9%)

Median household income (percentile)

0-25th 3,723 (20.1%) 202,110 (19.7%) <.0001
26-50th 4,823 (26.0%) 276,064 (26.8%)

51-75th 4,750 (25.6%) 262,617 (25.5%)

76-100th 5,227 (28.2%) 287,679 (28.0%)

Hospital bed size

Small 1,874 (9.8%) 101,640 (9.6%) <.0001
Medium 4,726 (24.8%) 255,708 (24.3%)

Large 1,2491 (65.4%) 696,445 (66.1%)

Hospital Region

Northeast 3,991 (20.8%) 244,074 (23.1%) <.0001
Midwest or North Central 2,838 (14.8%) 175,980 (16.7%)

South 7,828 (40.9%) 430,325 (40.7%)

West 4,495 (23.5%) 206,343 (19.5%)

Teaching-Hospital 8,780 (50.0%) 493,194 (51.6%) <.0001
Therapies Administered

Any PCI 11,267 (58.8%) 598,477 (56.6%) .34

Early PCI (<24 hours) 9,945 (51.9%) 537,149 (50.8%) .48

Insertion of DES 5,447 (28.4%) 288,081 (27.3%) .11

Insertion of BMS 4,871 (25.4%) 265,130 (25.1%) .22

Thrombolysis 1,007 (5.3%) 54,052 (5.1%) .26

CABG 1,376 (7.2%) 9,5050 (8.9%) .24

AW-STEMI = anterior wall ST-elevation myocardial infarction;
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international classification of diseases, ninth revision, clinical
modification (ICD-9-CM)20 and each hospitalization has a
unique primary and various secondary ICD-9-CM diagnoses.
Additional information including de-identified demographic
details, length and costs of hospitalization, and procedural
codes are also available for each patient.

We conducted a cross-sectional study using the NIS for
years 1999 to 2014. We used ICD-9-CM codes 410.0x and
410.1x to identify all admissions with a primary diagnosis
of AW-STEMI for patients aged 18 years or above. Hospi-
talization with information missing on age, race, gender,
length of stay (LOS), cost of stay or in-hospital death were
excluded. We then used ICD-9-CM code 426.4 to identify
admissions with a secondary diagnosis of RBBB which
may have developed before or during the particular hospi-
talization. The presence of RBBB was coded if there was
documentation in the chart of said diagnosis.19

The primary outcome was defined as death that occurred
in hospital within 30 days of admission. Secondary out-
comes included conditions or interventions as a potential
consequence of extensive myocardial injury, and included
acute heart failure (ICD-9-CM 428.21), acute on chronic
heart failure (ICD-9-CM 428.23), cardiogenic shock (ICD-
9-CM 785.51), complete heart block (ICD-9-CM 426.0),
implantation of an Intra-Aortic Balloon Pump (IABP)
(ICD-9-CM Procedure Codes: 37.61), utilization of
mechanical ventilation (ICD-9-CM Procedure Code:
96.7X) and the implantation of a temporary (ICD-9-CM
Procedure Code: 37.78) or permanent pacemaker (ICD-9-
CM Procedure Codes: 37.71, 37.81,37.82, 37.83, 00.51).
Costs of Hospitalization and LOS were also examined.

We used SAS, version 9.3 (SAS Institute Inc), to carry out
statistical analyses. Since NIS frequently represents a 20%
stratified random sample from across the United States, we
used hospital-level discharge weights through survey analy-
sis methods to estimate national admissions with a primary
diagnosis of AW-STEMI to carry out further analyses. Both
hospitalizations for STEMI and prevalence of RBBB were
calculated among different age groups, race, and gender. Cat-
egorical variables are expressed as number and percentage
and continuous variables as mean § standard deviation .
Pearson’s chi-square test was used to evaluate differences in
categorical variables between patients with and without
RBBB, and students ttest and one-way analysis of variance
was used to compare continuous variables. Cox-proportional
logistic regression models were used to determine the hazard
ratios of the primary outcome and secondary outcomes and
interventions. To control and account for various characteris-
tics among patients with and without RBBB, we used multi-
ple covariates in the model including age, gender, race,
income, insurance status, hospital type, size, location, and
Charlson comorbidity index. The Charlson comorbidity
index uses ICD-9-CM codes to identify various chronic sec-
ondary comorbidities which may have been present upon
admission.21 The p values reported for all analyses were 2-
sided with a significance threshold of less than 0.05.
RBBB= right bundle branch block.

This table depicts the difference in the key demographic, clinical and

treatment attributes among the study population(s).

Data is represented as the number (percentage) of patients unless other-

wise indicated.
Results

We identified 1,075,875 weighted hospital admissions
for AW-STEMI in the NIS database of 1999 to 2014.
Among them, 19,153 patients (1.8%) also had RBBB.
Table 1 depicts the baseline clinical and demographic varia-
bles along with the therapies administered for patients with
and without RBBB. As compared with patients without
RBBB, patients with RBBB were older, and were signifi-
cantly more likely to have baseline comorbidities.



Table 2

Length of stay, cost of stay and clinical outcomes in patients with AW-

STEMI and RBBB

Right bundle branch block

Characteristics Yes

(N = 19,153)

No

(N = 1,056,722)

p value

Mortality 2,930 (15.3%) 97,138 (9.2%) <.0001
Length of Stay, mean

(SD) (days)

4.98 (4.4) 5.03 (4.4) .49

Acute Heart Failure 3,215 (21.1%) 73,942 (18.6%) .001

Cardiogenic Shock 2,990 (15.6%) 102,408 (9.7%) <.0001
Complete Heart Block 2,470 (16.2%) 37,081 (9.3%) <.0001
Intra-Aortic Balloon

Pump

2,920 (15.2%) 117,017 (11.1%) .03

Mechanical

Ventilation

2,569 (13.4%) 96,566 (9.1%) <.0001

Temporary

Pacemaker

605 (3.2%) 14,035 (1.3%) .001

Permanent Pacemaker 266 (1.4%) 6,169 (0.6%) .01

Costs of hospitaliza-

tion, mean (SD),

USD

66151.6 (69713.9) 59987.5 (64644.0) <.001

AW-STEMI = anterior wall ST-elevation myocardial infarction;

RBBB= right bundle branch block.

This table illustrates the difference in clinical outcomes along with the

length and costs of stay among the study population(s).
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Table 2 depicts the in-hospital events, hospital LOS and
cost of hospitalization, for patients with and without a diag-
nosis of RBBB. As compared with patients without RBBB,
patients with RBBB had a significantly higher mortality
and were more likely to have acute heart failure, cardio-
genic shock, atrioventricular (AV) block, mechanical
ventilation use, IABP implantation, and temporary and per-
manent pacemaker implantation (PPM).

The multivariate hazard ratios for adverse outcomes are
depicted in Table 3. After adjusting for baseline clinical
and demographic variables the presence of RBBB on
12 lead ECG conferred a 66% higher mortality risk. RBBB
in patients with AW-STEMI was also associated with an
increased incidence of cardiogenic shock and an overall
Table 3.

Adjusted hazards of outcomes in patients with AW-STEMI and RBBB

Outcome Adjusted hazard ratio

(95% CI)

p Value

Mortality 1.66 (1.52-1.81) <.0001
Acute Heart Failure 1.37 (1.29-1.45) <.0001
Cardiogenic Shock 1.65 (1.51-1.80) <.0001
Complete Heart Block 2.90 (2.64 -3.18) <.0001
Intra-Aortic Balloon Pump 1.41 (1.29-1.54) <.0001
Mechanical Ventilation 1.53 (1.39-1.68) <.0001
Temporary Pacemaker 2.41 (1.99-2.92) <.0001
Permanent Pacemaker 2.51 (1.89-3.35) <.0001

AW-STEMI = anterior wall ST-elevation myocardial infarction;

RBBB= right bundle branch block.

This table depicts the adjusted hazards of outcomes in patients with

RBBB compared with those without it who present to the hospital with

AW-STEMI.
increased utilization of IABP, temporary and permanent
pacemaker, and mechanical ventilation.
Discussion

In our study of over one million hospital admissions with
AW-STEMI from the NIS, RBBB was reported in 1.8% of
patients. Patients with RBBB were typically older and had a
higher incidence of significant comorbidities. We found that
patients presenting with RBBB in the setting of Anterior
Wall STEMI had a 66% percent increase in the risk of in-
hospital mortality and a higher likelihood of congestive heart
failure, complete heart block and utilization of a permanent
pacemaker. Multivariate analyses demonstrated that the pres-
ence of RBBB was an independent predictor of 30-day mor-
tality, which is consistent with prior reports.1−15 Many of the
prior reports of outcome in patients with RBBB were limited
by small numbers3,6,17,18,22 or a mixture of both STEMI and
non-STEMI.1,7,10,12,17,22 Furthermore, many of these studies
were done in the prereperfusion era16,17,22 or during the days
of thrombolytic therapy23−25 with few reflecting the contem-
porary practices for the treatment of STEMI.7,10,11,15 Our
study, the largest analysis available to date, focused on
patients with AW-STEMI and thus provides novel data on
the prevalence and outcomes of RBBB complicating AW-
STEMI in current times.

Studies have shown that the majority of cases of RBBB
in AMI occur in the setting of anterior wall
infarction.9−11,13,15 The right bundle receives its blood
supply from various sources.22,26 The proximal part of the
right bundle is supplied by the AV nodal artery which gen-
erally arises off the right coronary artery in 90% of cases.
The middle part of the bundle travels within the muscular
ventricular septum and therefore is supplied by the septal
arteries of the LAD. Compromise to blood flow in the prox-
imal LAD may result in compromise to the integrity of this
portion of the right bundle, with the potential for increased
risk for complete heart block, particularly if both the left
anterior fascicle and the right bundle are involved. Our find-
ings which demonstrated a higher rate of complete heart
block and a higher rate of PPM implantation support this con-
cept and are consistent with findings from earlier reports.11,17

Additionally, since the right bundle receives blood flow from
various sources, damage to it could potentially indicate more
extensive coronary artery disease (CAD). Prior studies have
shown that patients with RBBB are more likely to have triple
vessel disease,3,8 Left Ventricle dysfunction,1,3,8,12 and
CHF2,3,5,9 compared with patients without intraventricular
conduction delays. This could, in part, explain our findings
of higher rates of heart failure, need for IABP, PPM implan-
tation, and worse outcomes for this group of patients.

The prevalence of RBBB in our sample of patients is
lower than that previously reported. It is possible that the
lower prevalence reflects the limitations of the use of
administrative databases and the potential for incomplete
coding of every patient with RBBB. Alternatively, since
many instances of RBBB develop after initial presentation,
it is possible that the lower reported rates reflect the
effectiveness of the reperfusion therapy provided, thus
improving flow to the septal arteries, with less resultant
damage to the conduction system.
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Our study has several limitations. Since the source of the
study was a database that relies on the coding used for bill-
ing hospital admissions, there are several important clinical
aspects that may have been overlooked. One of them is the
diagnosis of RBBB. The ICD-9-CM for RBBB does not
allow us to differentiate new-onset RBBB from a previ-
ously existing RBBB or one that developed during the hos-
pital stay. Additionally, we may not have adequately
captured the use of thrombolytic therapy. Thrombolytic
therapy is considered a medication, and may not always be
coded as a procedure. This could explain the low rates of
reperfusion reported especially during the prepercutaneous
coronary intervention era. Another important limitation of
our study is the inability to observe long term outcomes
occurring outside of acute hospitalization. Finally, since
this is an observational analysis, one cannot account for
unmeasured confounders that may influence outcomes.

In conclusion, RBBB in the setting of an acute AW-
STEMI is associated with a worse outcome including a
higher rate of congestive heart failure, AV block, need for
PPM implantation, and a higher 30 day in-hospital mortal-
ity. When treating patients with AW-STEMI who have
RBBB, it is important that physicians are cognizant of the
increased risk imposed on these patients. Physicians should
be especially vigilant in care, ensuring rapid and early
reperfusion therapy, close monitoring of conduction defects
(using continuous telemetry monitoring), and frequent
assessment of vital status and physical signs, in an effort to
identify and treat complications and improve outcomes.
Authors’ Contribution

To the editorial staff:
I was uncertain what Credit Author Statement referred

to.
I could not proceed to submission until I did this but

since we are overdue in our submission, I did not want to
delay further. I would be happy to submit a credit author
statement if one were to inform me how to do this.

Disclosures

The authors have no conflicts of interest to disclose None
of the co-authors had any industry relation to disclose.

1. Lewinter C, Torp-Pedersen C, Cleland JG, Køber L. Right and left
bundle branch block as predictors of long-term mortality following
myocardial infarction. Eur J Heart Fail 2011;13:1349�1354. https://
doi.org/10.1093/eurjhf/hfr130.

2. Brilakis ES, Wright RS, Kopecky SL, Reeder GS, Williams BA,
Miller WL. Bundle branch block as a predictor of long-term survival
after acute myocardial infarction. Am J Cardiol 2001;88:205�209.
https://doi.org/10.1016/s0002-9149(01)01626-5.

3. Chan WK, Goodman SG, Brieger D, Fox KA, Gale CP, Chew DP,
Udell JA, Lopez-Sendon J, Huynh T, Yan RT, Singh SM, Yan AT.
ACS I. GRACE Investigators. Clinical characteristics, management,
and outcomes of acute coronary syndrome in patients with right bun-
dle branch block on presentation. Am J Cardiol 2016;117:
754�759. https://doi.org/10.1016/j.amjcard.2015.12.005.

4. Gann D, Balachandran PK, Sherif NE, Samet P. Prognostic significance
of chronic versus acute bundle branch block in acute myocardial infarc-
tion. Chest 1975;67:298�303. https://doi.org/10.1378/chest.67.3.298.

5. Guerrero M, Harjai K, Stone GW, Brodie B, Cox D, Boura J, Grines L,
O’Neill W, Grines C. Comparison of the prognostic effect of left
versus right versus no bundle branch block on presenting electrocar-
diogram in acute myocardial infarction patients treated with primary
angioplasty in the primary angioplasty in myocardial infarction trials.
Am J Cardiol 2005;96:482�488. https://doi.org/10.1016/j.amjcard.
2005.04.006.

6. Iwasaki J, Kono K, Katayama Y, Takahashi N, Takeuchi K, Tanakaya
M, Osawa K, Shiraki T, Saito D. Prognostic significance of right bun-
dle branch block in patients with acute inferior myocardial infarction.
Acta Med Okayama 2009;63:25�33. https://doi.org/10.18926/AMO/
31857.

7. Ju�arez-Herrera U, Jerjes S�anchez C, Gonz�alez-Pacheco H, Mart�ınez-
S�anchez C. In-hospital outcome in patients with ST elevation myocar-
dial infarction and right bundle branch block. A sub-study from
RENASICA II, a national multicenter registry. Arch Cardiol Mex
2010;80:154�158.

8. Kleemann T, Juenger C, Gitt AK, Schiele R, Schneider S, Senges J,
Darius H, Seidl K, MITRA PLUS Study Group. Incidence and clinical
impact of right bundle branch block in patients with acute myocardial
infarction: ST elevation myocardial infarction versus non-ST elevation
myocardial infarction. Am Heart J 2008;156:256�261. https://doi.org/
10.1016/j.ahj.2008.03.003.

9. Melgarejo-Moreno A, Galcer�a-Tom�as J, Consuegra-S�anchez L,
Alonso-Fern�andez N, D�ıaz-Pastor �A, Escudero-Garc�ıa G, Jaulent-
Huertas L, Vicente-Gilabert M, Galcer�a-Jornet E, Padilla-Serrano A,
de Gea-Garc�ıa J, Pinar-Bermudez E. Relation of new permanent right
or left bundle branch block on short- and long-term mortality in acute
myocardial infarction bundle branch block and myocardial infarction.
Am J Cardiol 2015;116:1003�1009. https://doi.org/10.1016/j.amj-
card.2015.07.019.

10. Tomoda H, Aoki N. Right bundle branch block in acute myocardial
infarction treated by primary coronary angioplasty and stenting. Angiol-
ogy 2005;56:131�136. https://doi.org/10.1177/000331970505600202.

11. Vivas D, P�erez-Vizcayno MJ, Hern�andez-Antol�ın R, Fern�andez-Ortiz
A, Ba~nuelos C, Escaned J, Jim�enez-Quevedo P, De Agust�ın JA,
N�u~nez-Gil I, Gonz�alez-Ferrer JJ, Macaya C, Alfonso F. Prognostic
implications of bundle branch block in patients undergoing primary
coronary angioplasty in the stent era. Am J Cardiol 2010;105:
1276�1283. https://doi.org/10.1016/j.amjcard.2009.12.044.

12. Widimsky P, Roh�ac F, St�asek J, Kala P, Rokyta R, Kuzmanov B,
Jakl M, Poloczek M, Kanovsky J, Bernat I, Hlinomaz O,
Belohl�avek J, Kr�al A, Mr�azek V, Grigorov V, Djambazov S, Petr
R, Knot J, B�ılkov�a D, Fischerov�a M, Vondr�ak K, Maly M,
Lorencov�a A. Primary angioplasty in acute myocardial infarction
with right bundle branch block: should new onset right bundle
branch block be added to future guidelines as an indication for
reperfusion therapy? Eur Heart J 2012;33:86�95. https://doi.org/
10.1093/eurheartj/ehr291.

13. Wong CK, Stewart RA, Gao W, French JK, Raffel C, White HD. Prog-
nostic differences between different types of bundle branch block dur-
ing the early phase of acute myocardial infarction: insights from the
Hirulog and Early Reperfusion or Occlusion (HERO)-2 trial. Eur
Heart J 2006;27:21�28. https://doi.org/10.1093/eurheartj/ehi622.

14. Tim�oteo AT, Mendonça T, Aguiar Rosa S, Gonçalves A, Carvalho R,
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