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Abstract
The long-term outcomes of unselected patients with angina pectoris and a bundle branch block
(BBB) on the initial electrocardiogram are not well established. The Olmsted County Chest Pain
Study is a community-based cohort of 2271 consecutive patients presenting to three Olmsted
County emergency departments with angina from 1985 to 1992. Patients were followed for major
adverse cardiovascular events (MACE) including death, myocardial infarction, stroke and
revascularization at 30 days and over a median follow-up period of 7.3 years and for mortality
only through a median of 16.6 years. Cox models were used to estimate the associations between
bundle branch block and cardiovascular outcomes. The mean age of the cohort on presentation
was 63 years, with 58% men. MACE at 30 days occurred in 11% with RBBB, 8.8 % with LBBB
and 6.4 % in patients without BBB (p=0.17). Over a median follow-up of 7.3 years, patients with
BBB were at higher risk for MACE (RBBB HR 1.85, 95% CI 1.44–2.38; p<0.001 and LBBB HR
2.04, 95% CI 1.62–2.56; p<0.001) compared to those without BBB. Over a median of 16.6 years,
both BBB groups had lower survival rates than patients without BBB (RBBB HR 2.19, 95% CI
1.73–2.78; p<0.001 and LBBB HR 3.32, 95% CI 2.67–4.13; p ≤ 0.001), but after adjustment for
multiple risk factors, an increased risk of mortality for LBBB remained significant. In conclusion,
the appearance of LBBB or RBBB in patients presenting with angina predicts adverse long-term
cardiovascular outcomes compared to patients without BBB.
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In the setting of an acute coronary syndrome (ACS), the prognosis is worse in patients in
whom the bundle branch block (BBB) is new and or persistent1–6. However, owing to the
uncertainty in reliably differentiating new and old BBB, patients with BBB, especially
RBBB, presenting with ACS are managed no differently than those without BBB, though
more favorable outcomes have been reported with aggressive management 7,8. The long-
term clinical implications of BBB in a community-based cohort with angina are unknown.
This analysis from the Olmsted County Chest Pain study was conducted to elucidate the
short- and long-term prognostic significance of either BBB in patients presenting to the
emergency department (ED) with angina.

METHODS
The complete medical records of eligible patients were obtained through the resources of the
Rochester Epidemiology Project (REP) which allows comprehensive capture of details of
the health care experiences, including outpatient care, of all residents of Olmsted County,
MN (OC)9. The OC Health Care Utilization and Expenditures Database, linked to the REP,
contains detailed line-item information on health services utilization and expenditures
incurred by every member of the population for as long as they reside in the county. Unlike
other geographically defined U.S. communities, a complete health services utilization
history is available for all OC residents, including the affiliation of their health care
provider, site of care (inpatient, outpatient or nursing home) and participating health
insurance plan.

Using written screening logs, we retrospectively identified all residents of Olmsted County,
MN presenting to one of the County’s three EDs with angina between January 1, 1985 and
December 31, 1992. Complete medical records of the screened population were reviewed by
an experienced nurse abstractor, who identified all county residents presenting with a first
episode of angina defined according to the Diamond classification on the basis of a new or
worsening pattern of ischemic anterior or left lateral chest pain occurring at rest or with
minimal exertion and alleviated by sublingual nitroglycerin and/or rest 10. Patients were
excluded if they had ST-segment elevation ≥1 mm in two or more contiguous leads
suggestive of acute MI on the initial ECG, or an alternate etiology of chest pain, including
musculoskeletal pain, pneumonia, pleurisy, pericarditis, gastritis, pulmonary
thromboembolism or dissecting aortic aneurysm. Patients who died in the ED (n=11) were
also excluded. From the record review, the history of the qualifying episode was abstracted,
including the past medical history and findings on physical examination.

The initial ECG was interpreted by a staff cardiologist from the Mayo Clinic and verified by
one of the study physicians. RBBB and LBBB were defined using the Minnesota code. A
diagnosis of RBBB required all of the following: QRS duration >120 ms in the presence of
normal sinus or other supraventricular rhythm; R-wave or RSR’ complex in lead V1; and an
R-complex with a prolonged, shallow S-wave in leads V5, V6, aVL or I. Left bundle branch
block was coded if all of the following criteria were met: QRS-complex duration >120 ms in
the presence of normal sinus or other supraventricular rhythm; QS- or RS-complex in lead
V1; broad or notched R-waves in leadsV5 and V6, or an RS pattern; and the absence of Q
wave in leads V5, V6 or I.
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Long-term outcome data were collected in two phases. In the first phase, data were collected
on major adverse cardiovascular events (MACE) consisting of death, MI, stroke and need
for urgent revascularization, and on incident heart failure and pacemaker implantation.
Study subjects for whom there was no subsequently documented medical care visits in OC
were contacted to determine vital status. A letter to the patient’s last recorded address
initiated this contact. If there was no response, verification of status was confirmed through
telephone contact either with the patient directly or with a family member, physician,
medical institution or nursing home. Ninety-three percent of patients were followed through
1995 or later.

In the second phase, the last known alive date or death date as of January 2007 were added.
The last known alive date was obtained from patient records of the Mayo Clinic. Dates of
death were obtained through State of Minnesota Electronic Death Certificates, State of
Minnesota Death Tapes, Olmsted County Electronic Death Certificates and Mayo Clinic
records. Thirty-seven patients were excluded in this phase because they refused to allow
access to their records for research (as required by Minnesota state).

Patients were sub-classified on the basis of RBBB, LBBB or no BBB (NBBB) and
comparisons were made across these groups for MACE and mortality. Thirty-day event rates
were compared with Pearson’s chi-square test. Long-term survival rates were estimated by
Kaplan-Meier methods and compared using the log-rank statistic. Logistic regression
models were used to estimate unadjusted odds ratios for primary MACE within the first 30
days of arrival to the ED. Cox proportional hazards regression models were used to estimate
hazard ratios for long-term survival and survival free of MACE. The following covariates
were selected for the model on the basis of clinical significance: age, gender, history of
smoking, diabetes, hypertension, systolic blood pressure, total serum cholesterol, family
history of coronary disease, chronic aspirin use prior to ED presentation, prior MI or history
of CAD, prior revascularization, ST-segment depression ≥1 mm on the initial ECG,
extracardiac arterial disease, chronic obstructive pulmonary disease (COPD) and pulmonary
edema.

RESULTS
During the study period, 6,801 residents of OC presented to an ED with a first episode of
acute chest pain. Of these, 2,271 (33.4%) met the criteria for angina and were followed as
study subjects for a median of 7.3 years for MACE. Of the ineligible patients, cardiac
disease accounted for 6.7% of presenting syndromes, including STEMI in 5.5%, stable
angina pectoris in 1.0% and aortic dissection in 0.2%. Non-cardiac causes of chest pain
accounted for 36.2% of ineligible patients, in 23.9% the cause of symptoms was not
determined, 17.6% were non-residents, and 15.6% refused to participate. After extending
follow-up for collection of data on vital status, 2234 study subjects were followed for a
median of 16.6 years.

The mean age of the cohort on presentation was 63± 40 (SD) years, 57.5% were men and
14.8% had diabetes (Table 1). Based on the Minnesota criteria, 91 subjects (4%) had RBBB,
102 (4.5%) had LBBB and 2078 had NBBB on the initial ECG. Subjects with RBBB were
older, more likely to have a history of CAD (including prior MI or angina) and a diagnosis
of hypertension compared to patients with NBBB. Patients with either BBB were typically
older with a history of MI, COPD or hypertension but less likely to have smoked tobacco.
Women in this cohort were more likely to have LBBB at presentation than men. Patients
with either BBB were more often admitted to hospital upon presentation with chest pain.
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During the first 30 days after presentation, 153 (6.7%) patients suffered at least one primary
MACE (Table 2), 11% in those with RBBB, 8.8% in the LBBB group, and 6.4 % in those
without BBB (p=0.17). Patients with either BBB had no greater elevation of cardiac enzyme
levels at presentation than patients without BBB (RBBB 19.8%, LBBB 20.6%, NBBB
18.0%, p=0.74). Patients with LBBB were more likely to develop clinical heart failure,
however, during the first 30 days than those with either RBBB or NBBB (p=0.002) (Table
2).

During the first phase of long-term follow-up (median 7.3 years), MACE were recognized in
1136 patients, of whom 709 died. Unadjusted Kaplan-Meier survival curves showed that
patients with RBBB or LBBB on the presenting ECG were more likely to develop MACE
(Figure 1) than those without BBB. The prognosis with RBBB was no better than with
LBBB with respect to MACE during this period (Table 3), but after multivariate adjustment
for clinical risk factors, only LBBB was significantly associated (p=0.004) with MACE
during follow-up (Table 4). Patients with RBBB were more likely than those with LBBB or
NBBB to undergo pacemaker implantation over the 7-year follow-up period (p<0.001)
(Table 3). Patients with BBB were more likely to have developed HF over the 7 years
(p<0.001) (Table 3).

In the second phase of long-term follow-up (median 16.6 years) there were 1208 reported
deaths in the cohort. Unadjusted Kaplan-Meier survival curves show lower survival rate for
patients with RBBB (23% at 15 years) compared to those without BBB (53%) patients (HR
2.19, 95% CI 1.73–2.78; p<0.001), and a higher hazard ratio for those with LBBB compared
(HR 3.32, 95% CI 2.67–4.13; p<0.001) (Figure 2). Deaths in patients with initial BBB were
more often due to cardiovascular diseases, including MI and stroke (Table 3). After
adjustment for risk factors for mortality, the risk associated with RBBB was no longer
statistically significant (HR 1.10, 95% CI 0.86–1.40; p = 0.45) compared to those with
NBBB, while the risk associated with LBBB remained (HR 2.02, 95% CI 1.61–2.52;
p<0.001).

DISCUSSION
Our study is the longest and most comprehensive observation of a population-based cohort
of consecutive patients with angina who displayed right or left BBB on the initial ECG.
During follow-up, which extended into the current era, the pattern of RBBB on the
presenting ECG predicted poor cardiovascular outcomes over 7 years and greater mortality
rate of 15 years compared to those without BBB, but these differences were largely
attributable to a higher burden of associated risk factors. Patients with RBBB were also
more likely to experience HF and to undergo pacemaker implantation during long-term
follow-up. For those presenting with LBBB, the relationships to MACE at 7 years and
mortality at 16 years were incompletely explained by identifiable concurrent risk factors,
though the incidence of HF and need for pacemaker implantation in patients with this
conduction pattern was no different than for patients without bundle branch block. Patients
with either right or left BBB in this cohort were older than those without BBB and had a
higher burden of cardiovascular risk factors, as described in other studies1–5,8,11.

Like other patients with cardiovascular disease, those with BBB span a spectrum of risk that
includes low-risk asymptomatic individuals, in whom the ECG abnormalities are detected
incidentally 2,12–21, and the long-term cardiovascular outcomes associated with BBB in
these are generally benign. On the other hand, the implications of LBBB or RBBB on the
initial ECG in patients presenting with an acute coronary syndrome is related to the amount
of jeopardized myocardium (Table 5). Impaired ventricular function is associated with
adverse outcomes in subjects with BBB and it has been postulated that RBBB might be

Bansilal et al. Page 4

Am J Cardiol. Author manuscript; available in PMC 2012 June 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



related to right ventricular dysfunction or ventricular asynchrony 12. A greater extent of
myocardial ischemia or impairment of cardiac function may have contributed to the
excessive risk of heart failure among patients with RBBB in the population we studied,
though we observed no significant differences in the magnitude of initial cardiac enzyme
elevations (CK) following the episode of chest pain that qualified them for inclusion.
Patients with ACS tracked in the Second National Registry of Myocardial Infarction
(NRMI-2), who displayed BBB on the initial ECG received less evidence-based care than
those without BBB, perhaps because of delayed or missed diagnosis 3. The MONICA/
KORA AMI registry demonstrated dramatic declines in rates of in-hospital complications
and 28-day fatality when patients with non-ST-elevation ACS and BBB received more
aggressive clinical management 7.

The high long-term MACE and death rates in patients with LBBB group is concordant with
previous studies, while the attenuation of rates of adverse events in patients presenting with
RBBB after adjustment for other prognostic variables suggests that RBBB may be an
immediately available marker of associated risk factors that carry important clinical
implications for years into the future. Detection of RBBB should therefore not be dismissed
as benign but instead trigger more aggressive short and long-term strategies to reduce the
risk, with particular attention to factors associated with the development of clinical HF.
While the incremental risk of cardiovascular mortality in patients with LBBB has been
attributed to myocardial dysfunction 22 HF and arrhythmic death 23, the mechanisms behind
the adverse prognosis associated with RBBB in patients presenting with ACS have not been
elucidated 3,5,12. Our data suggest, however, that adverse outcomes in patients presenting
with RBBB in the setting of angina are distinct from those responsible for the elevated risk
of MACE and mortality in patients with initial LBBB, even when other risk factors are
considered.

Prolongation of the QRS interval on the ECG, a sine qua non of BBB, has been implicated
in ventricular dysynchrony, systolic and diastolic dysfunction, impaired exercise tolerance,
arrhythmias and sudden death 24–26. The higher rate of pacemaker implantation we observed
in patients with initial RBBB implies a propensity to degeneration of cardiac conduction
over time, and failure to detect this increment in pacemaker requirement among those with
initial LBBB may be related to their lower survival rate.

While the strength of our study is its lengthy and comprehensive follow-up, the study must
be ultimately interpreted in an appropriate context. Only the first ECG recorded at the time
of presentation was analyzed, leaving the duration of BBB defects uncertain. Subsequent
ECGs were not uniformly available, so patients with transient BBB limited to the acute
period could not be distinguished from those with persistent conduction defects, and the
patients we identified with BBB could not be compared with those who has no BBB on the
initial ECG but later developed conduction defects of this type. Similarly, we lack data on
troponin as a marker of ischemia, fascicular blocks, the time to development of complete
heart block or heart failure, renal function, ventricular function and the presence or absence
of concurrent cardiovascular diseases of other types, including valvular and congenital heart
disease or cardiomyopathy, which could mediate the relationships between conduction
disturbances and prognosis. The retrospective approach to abstraction of baseline data limits
the capture of confounding variables to those documented at the time of presentation with
chest pain. It is possible that observations in the predominantly Caucasian cohort may not
apply to members of other ethnic groups and the same constraints apply to their
extrapolation to specific patient subgroups. However, the outcomes we report are
statistically robust and reflect the actual clinics course of patients in this cohort, most of
whom presumably received evidence-based treatment throughout the follow-up period.
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Our study reaffirms the importance of LBBB and underscores the significance of RBBB on
the initial ECG in the initial risk-stratification of patients presenting with angina.
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Figure 1.
Bundle branch block and major adverse cardiovascular events during a median follow-up of
7.3 years.
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Figure 2.
Overall mortality according to category of bundle branch block on the initial ECG over a
median follow-up of 16.6 years in patients presenting with angina.
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Table 4

Hazard Ratios for Major Adverse Cardiovascular Events

Bundle Branch Block Unadjusted Adjusted*

HR (95% CI) P HR (95% CI) P

Left 2.04 (1.62–2.56) <0.001 1.41 (1.11–1.77) 0.004

Right 1.85 (1.44–2.38) <0.001 1.07 (0.83–1.38) 0.613

Risks adjusted for age, sex, history of smoking, diabetes, hypertension, systolic blood pressure, total serum cholesterol, family history of CAD,
chronic aspirin use prior to ED presentation, prior revascularization, prior MI or history of CAD, ≥1 mm ST-segment depression, extracardiac
arterial disease, COPD and pulmonary edema related to ischemia
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Table 5

Previous Studies of Right Bundle Branch Block and Outcomes in Various Populations

Author Publication Year Sample Size Nature of population Increase in Mortality

Rotman 1975 237,000 U.S Air Force No

Schneider 1981 5,209 Framingham Yes

Fleg 1983 1,142 Healthy men No

Eriksson 1988 855 Birth cohort Yes

Fahy 1995 110,000 Screening Yes

Menotti 2001 11,860 Healthy Yes

Miller 2005 723 Asymptomatic Yes

Barsheshet 2008 4,102 Heart failure Yes

Hesse 2001 7,073 Referred for Nuclear stress test Yes

Freedman 1987 15,609 Chronic coronary disease Yes

Ricou 1991 1,634 Post Myocardial Infarction Yes

Current study 2011 2,271 Angina Pectoris Yes
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