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Mortality in Patients With Right  
Bundle-Branch Block in the Absence of 
Cardiovascular Disease
Prakriti Gaba, MD*; Dawn Pedrotty, MD, PhD*; Christopher V. DeSimone, MD, PhD; Amanda R. Bonikowske, PhD; 
Thomas G. Allison, PhD; Suraj Kapa , MD

BACKGROUND: Right bundle-branch block (RBBB) occurs in 0.2% to 1.3% of people and is considered a benign finding. 
However, some studies have suggested increased risk of cardiovascular morbidity and mortality. We sought to evaluate risk 
attributable to incidental RBBB in patients without prior diagnosis of cardiovascular disease (CVD).

METHODS AND RESULTS: We reviewed the Mayo Clinic Integrated Stress Center database for exercise stress tests performed 
from 1993 to 2010. Patients with no known CVD—defined as absence of coronary disease, structural heart disease, heart 
failure, or cerebrovascular disease—were selected. Only Minnesota residents were included, all of whom had full mortality 
and outcomes data. There were 22 806 patients without CVD identified; 220 of whom (0.96%) had RBBB, followed for 6 to 
23 years (mean 12.4±5.1). There were 8256 women (36.2%), mean age was 52±11 years; and 1837 deaths (8.05%), includ-
ing 645 cardiovascular-related deaths (2.83%), occurred over follow-up. RBBB was predictive of all-cause (hazard ratio [HR], 
1.5; 95% CI, 1.1–2.0; P=0.0058) and cardiovascular-related mortality (HR,1.7; 95% CI, 1.1–2.8; P=0.0178) after adjusting for 
age, sex, diabetes mellitus, hypertension, obesity, current and past history of smoking, and use of a heart rate-lowering drug. 
Patients with RBBB exhibited more hypertension (34.1% versus 23.7%, P<0.0003), decreased functional aerobic capacity 
(82±25% versus 90±24%; P<0.0001), slower heart rate recovery (13.5±11.5 versus 17.1±9.4 bpm; P<0.0001), and more dysp-
nea (28.2% versus 22.4%; P<0.0399) on exercise testing.

CONCLUSIONS: Patients with RBBB without CVD have increased risk of all-cause mortality, cardiovascular-related mortality, and 
lower exercise tolerance. These data suggest RBBB may be a marker of early CVD and merit further prospective evaluation.
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Right bundle-branch block (RBBB) is defined by 
ECG findings suggestive of either significant delay 
or lack of electrical conduction through the RBB 

and distal Purkinje fibers, resulting in ventricular activa-
tion occurring primarily via the left bundle branch and 
fascicular system.1 The prevalence of RBBB has been 
reported to be in the range of 0.2% to 1.3%.1 Typically, 
it is an incidental finding noted on electrocardiography 

and is diagnosed using the American Heart Association 
(AHA)/American College of Cardiology (ACC)/Heart 
Rhythm Society criteria.2 These criteria consist of 3 pa-
rameters: (1) a QRS duration >120 ms, (2) a secondary 
R wave in V1 or V2, and (3) a wide, slurred S wave in 
leads I, V5, and V6.

2

In some cases, however, RBBB can be a signal of 
other, more sinister underlying conditions, including but 
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not limited to ischemic, inflammatory, or infiltrative heart 
disease as well as pulmonary embolism.1,3–5 In patients 
with underlying cardiovascular disease (CVD) such as 
heart failure (HF), RBBB is known to be a predictor of 
negative outcomes.6–8 Multiple studies evaluating a 
range of acute coronary syndrome presentations, includ-
ing unstable angina and ST-elevation myocardial infarc-
tion, have demonstrated that RBBB is an independent 
predictor of in-hospital and early (≈6 month) mortality.6,7,9 
Moreover, RBBB has been shown to be an independent 
predictor of decreased right ventricular ejection fraction 
(EF), which in itself is a predictor of adverse outcomes in 
patients with ischemic cardiomyopathy.10

Whether the association between RBBB and mor-
tality, as well as other adverse outcomes, remains in 
patients without prior CVD is controversial. Data from 
the Copenhagen City Heart Study, for example, which 
included 18 441 participants without prior myocardial 
infarction or HF, found that RBBB was a strong predic-
tor of increased all-cause mortality and cardiac death.11 
In contrast, a separate study conducted in women led 
by the Women’s Health Initiative, did not find a signifi-
cant relationship between RBBB and mortality in par-
ticipants without CVD.12

Thus, we sought to determine the prevalence and 
significance of RBBB on long-term outcomes, includ-
ing mortality, in patients without underlying CVD.

METHODS
This study was approved by the institutional review 
board of the Mayo Clinic in Rochester, Minnesota. The 

requirement for informed consent was waived. Data, 
analytical methods, and study materials will be made 
available upon reasonable request.

Study Participants
Patients without CVD who were referred for stress 
testing at the Mayo Clinic in Rochester, Minnesota, 
between 1993 and 2010 were included. There was 
no age limit to inclusion (the oldest patient was 
97 years of age). If multiple tests were available for a 
patient, the first test chronologically was selected to 
maximize follow-up. Over this time span, the Mayo 
Clinic integrated stress center database prospec-
tively collected 374 different variables on all patients. 
Only Minnesota residents were included. Full mortal-
ity data was obtained from Mayo Clinic records or the 
Minnesota death index when available over follow-
up through February 2016. The absence of clinical 
evidence of CVD was defined as lack of coronary ar-
tery disease (CAD), structural heart disease, HF (EF 
<50% or HF with preserved EF), or cerebrovascular 
disease. We additionally excluded all patients with 
known arrhythmogenic substrate (Brugada pattern, 
long-QT syndrome, catecholaminergic polymorphic 
ventricular tachycardia, arrhythmogenic right ventric-
ular cardiomyopathy, hypertrophic obstructive car-
diomyopathy, and idiopathic ventricular tachycardia). 
Exclusion of CVD, including CAD, HF, and structural 
heart disease was based on most-recent physician 
notes, outside records, and results of any prior test-
ing (echocardiogram, cardiac imaging tests, ECG, 
etc). Treadmill testing was carried out according to 
the standard Bruce protocol in the majority of pa-
tients (90.5%), with others tested based on various 
treadmill or cycle ergometer protocols.13

Clinical Outcomes
The primary end point was all-cause mortality. 
Secondary end points included cardiovascular death 
caused by coronary disease, myocardial infarction, 
HF, or incident arrhythmias; these were assessed 
over the lifetime of follow-up. In addition, we evalu-
ated differences in outcomes of stress testing (heart 
rate recovery when available, dyspnea as a reason 
for stopping, and functional aerobic capacity as 
measured using metabolic equivalent tasks) at the 
time of stress testing.

Statistical Analysis
All analyses were performed in the cohort described 
above using SAS Studio 5.0. Categorical variables 
were summarized by frequency and percentage 
and compared using chi-square test of continuity. 
Continuous variables are reported as mean±SD and 

CLINICAL PERSPECTIVE

What Is New?
•	 Right bundle-branch block has been shown to 

be associated with an increased overall risk of 
mortality and cardiovascular-related mortality in 
patients without known cardiovascular disease, 
even after adjusting for comorbidities.

•	 Right bundle-branch block is associated with 
a greater frequency of hypertension and more 
exercise-associated limitations, including de-
creased aerobic capacity, slower heart rate re-
covery, and more dyspnea on exercise testing.

What Are the Clinical Implications?
•	 Patients with incidentally discovered right bundle-

branch block may benefit from more intensive 
cardiovascular evaluation to rule out other sub-
clinical conditions, though prospective studies are 
needed to define the precise pathophysiologic 
mechanisms to define the best tests to perform.
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compared using a Student t test. Kaplan–Meier sur-
vival curves were calculated to determine survival 
segregated by the presence or absence of RBBB. 
HRs from a Cox proportional hazards model were 
computed to determine the effect of baseline char-
acteristics on all-cause mortality and cardiovascu-
lar mortality in patients with versus without RBBB. 
A stratification method was used to adjust for con-
founding variables and to determine an adjusted 
HR. Potential confounders included those variables 
distributed unequally among the groups and those 
that could be associated with the risk of RBBB and 
mortality outcomes. Statistical significance was set 
at 0.05.

RESULTS
Study Participants
In total, 31 979 patients underwent exercise stress test-
ing at the Mayo Clinic in Rochester, Minnesota between 
1993 and 2010. Of the 31 979 patients, 22 806 (71.3%) 
did not have pre-existing CVD and were included in our 
cohort. In patients without CVD, 8256 (36.2%) were 
women, and the mean age was 52±11 years. From this 
cohort, 220 (0.96%) patients had RBBB on electro-
cardiography. Overall, patients with RBBB were older, 
more commonly male, and more likely to have comor-
bidities, including hypertension and diabetes mellitus, 
compared with patients without RBBB (Table 1).

Figure 1 summarizes the indication for stress-test-
ing referral. There was no difference in frequency of 
referral. Symptoms for referral included syncope, dizzi-
ness, presyncope, fatigue, and chest pain. Arrhythmias 
included supraventricular tachycardia and premature 
beats.

Clinical Outcomes
There were 1837 deaths (8.05%), including 645 car-
diovascular-related deaths (2.83%) over an average 
12.4±5.1-year follow-up in the cohort. The presence of 
RBBB, detected on exercise stress testing, was asso-
ciated with a significantly higher risk of cardiovascu-
lar death and all-cause mortality (Table 2). Likelihood 
estimates revealed that age, sex, diabetes mellitus, 
hypertension, obesity, current and past smoking, and 
use of a heart rate-lowering drug led to a higher risk 
of all-cause mortality (Figure 2A) and cardiovascular 
mortality (Figure 2B). After adjusting for these con-
founders, RBBB remained independently associated 
with increased all-cause mortality (HR, 1.5; 95% CI, 
1.1–2.0; P=0.0058) (Figure 3A) and cardiovascular-
related death (HR, 1.7; 95% CI, 1.1–2.8; P=0.0178) 
(Figure 3B) in patients without CVD (Table 2). Kaplan–
Meier curves are shown in Figure  3. Notably, sepa-
ration between the curves for all-cause mortality 
occurred at 1.5 to 2 years and for cardiovascular mor-
tality at 5 years.

Stress Test Results
The stress test was symptom-limited in 95.5% of pa-
tients. With respect to exercise capacity, exercise 
stress-testing data revealed that patients with RBBB 
had decreased metabolic performance as measured 
by metabolic equivalent tasks (7.4±2.7 versus 9.8±2.6, 
P<0.0001), slower heart rate recovery (12.3±12.4 versus 
18.5±8.9 bpm, P<0.0001), and stopped more often be-
cause of dyspnea (62/220 versus 5108/22 806, 28.2% 
versus 22.4%; P<0.0399) on the exercise test com-
pared with patients without RBBB (Table 3). Functional 
aerobic capacity was also significantly higher in pa-
tients without RBBB than those with RBBB (93.2±22.5 
versus 77.5±24.4; P=0.01).

DISCUSSION
Our study suggests that patients without underlying 
CVD, but who have RBBB on exercise stress testing, 
are at an increased risk for all-cause mortality and car-
diovascular mortality. In addition, our data support that 
these patients are more likely to have lower functional 
exercise capacity.

Based on prior studies, in patients with underlying 
CVD, RBBB is a predictor of negative outcomes, in 
particular mortality.6,7,9 However, existing data on pa-
tients without underlying CVD are less clear, and re-
sults are contradictory with respect to the relationship 
between RBBB and mortality. The Copenhagen Heart 
Study found RBBB was a strong predictor of increased 
all-cause mortality.11 In contrast, the Women’s Health 
Initiative Study did not find a relationship between 
RBBB and mortality.12

Table 1.  Baseline Characteristics in Patients With and 
Without RBBB

No RBBB 
N=22 806

RBBB 
N=220 P Value

Age, y 52±11 59±12 <0.0001

Male 14 596 (64.8%) 178 (80.9%) <0.0001

Hypertension 5245 (23.8%) 75 (34.1%) 0.0003

Diabetes mellitus 1368 (6.1%) 20 (9.1%) 0.06

BMI 29±5.6 29±5.9 0.61

CKD 388 (1.7%) 3 (1.4%) <0.0001

Former smoker 9452 (43.5%) 95 (45.7%) 0.89

Active smoker 2418 (11.2%) 23 (11.1%) 0.77

HR-limiting medications 2942 (13%) 37 (16.8%) 0.09

Hypertension was defined as blood pressure >140/80. Diabetes mellitus 
was defined as A1C >6.5. CKD was defined as kidney disease ≥stage 3. 
HR-limiting medications included β blockers, calcium channel blockers, and 
digoxin. BMI indicates body mass index; CKD, chronic kidney disease; HR, 
heart rate; and RBBB, right bundle-branch block.
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Adjustments for sex may be a clear point of differ-
ence between the 3 studies. In our analysis, we did 
not perform sex-specific analysis given the relatively 
smaller number of women than men represented. Our 
overall findings are more in line with those from the 
Copenhagen Heart Study given the increased risk of 
all-cause mortality, cardiovascular-related mortality, 
and reduced aerobic capacity found in patients with 
RBBB, but without prior known CVD.

One possible pathophysiological mechanism by 
which RBBB may contribute to mortality, specifically 
cardiovascular mortality, may include ventricular dys-
synchrony.14 This phenomenon may occur in patients 
with RBBB caused by delayed right ventricular systole. 
In turn, RBBB may also be caused by myocardial dis-
ease secondarily involving the right bundle, suggest-
ing some subclinical myopathic process.12,14,15 Thus, 

RBBB may signal the development of early myocar-
dial disease, including idiopathic fibrosis, amyloidosis, 
sarcoidosis, and systemic sclerosis, which, as they 
progress, could lead to complete heart block, ventric-
ular arrhythmias, HF, or death.4,5 The heterogeneity of 
the causes of RBBB and the difficulty in distinguishing 
the cause of apparent RBBB on electrocardiography 
(ranging from subclinical myocardial injury to primary 
fascicular block or delay) may also account for the 
variability in outcomes seen between studies.11,12 Of 
course, it may be possible to identify subtle variations 
in the RBBB morphology (such as QRS duration, pre-
cordial transition, etc), and glean markers for a specific 
cause (myopathic versus primarily fascicular), but this 
would likely require even larger data sets.

Heart rate recovery after exercise and functional ex-
ercise capacity as measured by metabolic equivalent 

Figure 1.  Indications for referral for stress testing.
Shown are the indications for stress testing in patients with and without right bundle-branch block 
(RBBB). Symptoms included dizziness, near-syncope, syncope, fatigue, or chest pain. Arrhythmias 
included premature beats and supraventricular tachycardia. Numbers reported are percentage of the 
overall population. CAD indicates coronary artery disease; and CV, cardiovascular.

Table 2.  Unadjusted and Adjusted HRs for Risk of Mortality From RBBB

Condition

Unadjusted Adjusted*

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

All-cause mortality 1.5 (1.1–2.0] 0.0090 1.5 (1.1–2.0) 0.0058

Cardiovascular-related death 1.6 (1.0–2.6] 0.0112 1.7 (1.1–2.8) 0.0178

HR indicates hazard ratio; and RBBB, right-bundle branch block.
*Adjusted for age, sex, diabetes mellitus, hypertension, obesity, current and past smoking, and use of a heart rate-lowering drug
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tasks was significantly slower and lower, respectively, 
in patients with RBBB compared with those without 
the rhythm abnormality. This may be because of the 
hemodynamic effects of having a RBBB as described 
above, that is greater dyssynchrony in ventricular re-
laxation (because of depolarization dyssynchrony), 
ventricular remodeling, and resultant development of 
HF or arrhythmias.12 Alternatively, it is possible that the 
RBBB suggests some element of premature conduc-
tion disease that may lead to subtle or subclinical chro-
notropic abnormalities prior to stress testing.

Limitations
Several limitations of this study should be noted. First, 
this was a retrospective analysis, and as such, our 
data were susceptible to inherent biases. Second, 
the data are from a large tertiary care center, which is 
subject to referral bias. Third, the majority of patients 
were male and White; thus, these results must be 
interpreted in such a context. However, we did adjust 

for sex specifically for this reason, as prior studies had 
contrasting results that could be sex-based. Fourth, 
although multiple confounders were accounted for in 
the multivariable analysis performed, there may have 
been other residual confounders that influenced the 
ultimate results of the study. Fifth, although patients 
did not have any noted diagnosis of CVD, it does 
not mean that patients did not have some element 
of subclinical coronary disease, myocardial dysfunc-
tion, cerebrovascular disease, etc. Specifically, our 
study was not structured to provide further insights 
into the physiology underlying the differences in 
mortality seen with RBBB. It should be noted, how-
ever, that a scenario of testing only those patients for 
whom we systematically and completely excluded all 
pre-existing CVD through a combination of invasive 
and noninvasive testing would not be generalizable 
to any patient population; thus, we see this as a posi-
tive aspect of our study. Finally, the patient popula-
tion evaluated underwent stress testing presumably 
for a guideline-recommended indication. Thus, some 

Figure 2.  Hazard ratios for all-cause mortality and cardiovascular related mortality in patients 
with vs without RBBB.
Shown are the hazard ratios for all-cause mortality (A) and cardiovascular related mortality (B). Note 
fitness was defined as failure to reach 85% of the target heart rate (HR). Error bars indicate 95% CIs. 
Note error bars around age and BMI are small for the scale shown. HR-lowering medications included β 
blockers, calcium channel blockers, and digoxin. BMI indicates body mass index; CV, cardiovascular; and 
RBBB, right bundle-branch block.
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impetus for referral may have been based on con-
cern for a not-yet-diagnosed cardiovascular condi-
tion, and the results must be interpreted in such a 
context. Although the current AHA/ACC guideline 
on risk assessment neither endorses nor does not 
endorse exercise testing for risk assessment, the 
practice at our institution often includes assessment 

of functional capacity more frequently than in other 
practices, which accounts for the frequency of the 
number of patients undergoing “routine” stress test-
ing included in this population.16 Thus, it is likely 
that the risk conferred by RBBB may be different, 
depending on the indication for which stress testing 
was performed (eg, presence of cardiac symptoms).

Figure 3.  Kaplan–Meier survival curve of (A) all-cause mortality and (B) cardiovascular death in 
patients with and without right bundle-branch block (RBBB).
Shown are the Kaplan–Meier survival curves for patients with RBBB (red curves) vs no RBBB (blue curves) 
over follow-up.
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CONCLUSIONS
Our data suggest that patients with RBBB without 
prior diagnosis of CVD have an increased risk of car-
diovascular-related and all-cause mortality. Our data 
also suggest that these patients have a higher likeli-
hood of reduced exercise capacity compared with 
those without RBBB. Given the potential significance 
of these findings, these data merit further prospective 
and multicenter evaluation.
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