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Abstract

Background: Left bundle branch block (LBBB) has been commonly associated with

adverse cardiovascular (CV) events, but the effect of an isolated LBBB on maximal

functional capacity is not well characterized.

Objective: To evaluate maximal functional capacity in adults with isolated LBBB and

compare it to healthy population‐derived predicted values (adjusted for sex, age,

weight, and height).

Methods: This descriptive pilot study included subjects with isolated LBBB derived

from outpatient clinics of two academic hospitals. All subjects underwent maximal

cardiopulmonary exercise testing (CPET) and a Global Physical Activity Question-

naire (GPAQ). The primary outcome was to evaluate maximal functional capacity

according to population‐derived predicted values of peak oxygen consumption

(peakVO2): pp‐peakVO2. The secondary outcome was to report adverse CV events

(CV deaths or hospitalizations) at follow‐up.

Results: A total of 27 (18 women and 9 men) participants were included. The median

(interquartile range) age of the sample and time to screening from the first LBBB

diagnosis were 62 (51−71) and 3.4 (1.1−8.4) years, respectively. The results of the

GPAQ score showed that 19 patients were highly active, and 8 were moderately

active. The median of peakVO2 and pp‐peakVO2 were 19.3 (15−22.5) ml/kg/min and

88% (79.3%−104.4%), respectively. There were no adverse CV events at a median

follow‐up after CPET of 3.1 (2.7−3.4) years.

Conclusion: In this pilot study, adults with isolated LBBB showed reduced maximal

functional capacity, despite the absence of cardiac disease and a baseline moderate

to highly active lifestyle.
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1 | INTRODUCTION

The prevalence of left bundle branch block (LBBB) in the absence of

clinically detectable heart disease is not unusual (from 0.034% to

2.5%).1–3 Moreover, LBBB has been associated with adverse

prognosis even in asymptomatic individuals without known cardio-

vascular (CV) disorders when LBBB has been an incidental finding on

ECG.4 Although isolated LBBB has been reported to adversely affect

left ventricular volumes and left ventricular ejection fraction (LVEF) in

a small study,5 the effect of isolated LBBB on maximal functional

capacity is unclear. Based on adverse prognosis findings from

previous evidence in isolated LBBB1–4 and the inverse association

between functional capacity and prognosis in apparently healthy

adults,6 we hypothesized that this disorder of cardiac ventricular

conduction might be associated with lower functional capacity

compared with the general population. Accordingly, this pilot

study aimed to evaluate maximal functional capacity in adults with

an isolated LBBB and compare it to population‐derived predicted

values (adjusted for sex, age, weight, and height) of a healthy and

sedentary population.

2 | METHODS

This pilot study was a two‐center, prospective report. LBBB was

defined according to current electrocardiographic (ECG) criteria.7

Research Ethics Committee approved the study protocol following

the principles of the Declaration of Helsinki and national regulations.

All patients who participated in the research provided informed

consent.

The eligibility of candidate patients was based on the following

inclusion criteria: (a) adult >18 years old, (b) ECG criteria of

LBBB,7 and (c) provide informed consent. In addition, exclusion

criteria were (a) inability to perform a maximal baseline exercise

test; (b) structural heart disease, valve heart disease, or diastolic

dysfunction estimated by two‐dimensional echocardiography; (c)

previous ischemic heart disease, heart failure, myocardiopathy, or

myocarditis; (d) previous history of known or suspected chronic

coronary syndromes; (e) effort angina during cardiopulmonary

exercise testing (CPET); (f) any pulmonary disease; (g) anemia, and

(h) an LVEF < 55%.

Patients who met the inclusion−exclusion criteria and signed the

informed consent form underwent a comprehensive medical history,

physical examination, anthropometry, and examination tests. The

examination tests included: an electrocardiogram (ECG), two‐

dimensional transthoracic echocardiography, laboratory test, CPET,

and baseline physical activity assessment by Global Physical Activity

Questionnaire (GPAQ).

Maximal functional capacity was evaluated using incremental and

symptom‐limited CPET on a bicycle ergometer, beginning with a

workload of 10W and increasing gradually in a ramp protocol at

10‐W increments every 1min. We defined maximal functional

capacity as when the patient stops pedaling because of symptoms

and the respiratory exchange ratio (RER) was ≥1.1. During exercise,

patients were monitored with 12‐lead electrocardiogram and blood

pressure measurements every 2min. Gas exchange data and

cardiopulmonary variables were averages of values taken every

10 s. Peak oxygen consumption at maximal exercise (PeakVO2) was

defined as the highest value of VO2 during the last 20 s of exercise.

Once peakVO2 was obtained, we calculated its percent predicted

peak oxygen consumption at maximal exercise (pp‐peakVO2),

defined as the percentage of predicted peakVO2 adjusted for sex,

age, exercise protocol, weight, and height according to the

Wasserman/Hansen standard prediction equation for the healthy

and sedentary population.8

The ventilatory efficiency was determined by measuring the

slope of the linear relationship between minute ventilation (VE) and

carbon dioxide production (VCO2) across the entire course of the

exercise (VE/VCO2 slope).

The study's primary outcome was to evaluate maximal

functional capacity according to population‐derived predicted

values of peak oxygen consumption (peakVO2): pp‐peakVO2. The

secondary outcome was reporting adverse CV events (CV deaths

or hospitalizations) at follow‐up. Researchers blinded to the

patient's baseline characteristics, including CPET parameters,

informed the secondary outcome. All patients included were

follow‐up until July 2022.

Continuous variables are expressed as means (±1 SD) or medians

(interquartile range [IQR]), and discrete variables are as percentages.

3 | RESULTS

A total of 27 consecutive asymptomatic adults with a previous

diagnosis of LBBB recruited from general practitioner outpatient

clinics were included in this pilot study. At baseline, the median age

was 62 (51−71) years, 66.7% were women, 62.9% had a history of

hypertension, and the median time from LBBB diagnosis to the

screening visit was 3.4 (1.1−8.4) years. The results of the GPAQ score

showed that 19 patients were highly active, and 8 were moderately

active. All subjects screened reached the final study group.

Participants' baseline characteristics are presented in Table 1.

3.1 | Primary outcome

All participants performed a maximal CPET (RER > 1.1) limited by

muscular fatigue. The median of peakVO2 was 19.3 (15−22.5) ml/kg/

min. Compared with population‐derived predicted values of peak

oxygen consumption (adjusting for sex, age, exercise protocol,

weight, and height), the median of pp‐peakVO2 was 88% (79.3%

−104.4%). Only seven subjects exhibit a pp‐peakVO2 > 100%. Of

them, six subjects scored highly active in GPAQ and one moderately

active. Thirteen participants exhibited a pp‐peakVO2 < 85%.
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Of them, nine subjects scored highly active in GPAQ and four

moderately active.

3.2 | Secondary outcome

At a median follow‐up after the screening visit of 3.1 (2.7−3.4) years

and after the LBBB diagnosis of 7.1 (4.1−11.1) years, no adverse CV

events (CV deaths or hospitalizations) were registered. In addition,

none of the included patients was admitted for acute coronary

syndrome or presented a suspected chronic coronary syndrome

during follow‐up.

4 | DISCUSSION

The main finding of this pilot study was that we observed a reduced

aerobic capacity in a small sample of active adults with isolated LBBB

compared with sedentary population‐derived predicted values.

Although previous literature has shown that isolated LBBB

predicts adverse CV outcomes1,3 and is associated with greater left

ventricular volumes and reduced LVEF5 compared with the general

population, the evidence remains scarce regarding LBBB effects on

functional capacity in subjects without structural heart disease. Along

this line, CPET, with incremental workload and symptom‐limited

exercise testing, is considered the gold standard when studying

maximal aerobic capacity in the general population.8 However,

regarding physical performance in the LBBB population, only a

previous cross‐sectional study conducted by Barros et al.9 evaluated

the effects of this ECG conduction disturbance in 26 subjects with an

LVEF > 50% and mainly a sedentary lifestyle. In congruence with our

results, the authors reported a reduced baseline pp‐peakVO2 (87.2%)

with a mean VE/VCO2 slope <30. However, after comparing subjects

with LBBB to a nonmatched control group (23 subjects), the authors

concluded that in the multivariate analysis (including covariates such

as age, sex, and body mass index), LBBB was associated with

VE/VCO2 slope and had no effect on pp‐peakVO2.

In the present work, we cannot unravel the underlying mecha-

nisms by which LBBB could reduce exercise capacity in isolated

LBBB. However, previous CV magnetic resonance evidence in

subjects with isolated LBBB has postulated that electromechanical

dissociation, rather than intrinsic myocardial abnormality, is a

potential mechanism to explain the adverse effects of isolated LBBB

on LVEF.5 Along this line, our results suggest that in the absence of a

significant increase of biomarkers (such as natriuretic peptides or

antigen carbohydrate 125) or CPET parameters (such as VE/VCO2

slope), a congestive mechanism should not be the principal

contributor explaining the present findings. Nevertheless, the

present data should be interpreted as a “proof of concept” idea.

Further studies, including carefully selected control‐matched

groups and cardiac stress imaging testing, must confirm these

results and elucidate the underlying pathophysiological mecha-

nisms responsible for these effects.

TABLE 1 Baseline characteristics of participants

(n = 27)

Demographic and clinical variables

Age, years 62 (51−71)

Women, n (%) 18 (66.7)

BMI, kg/m2 27.7 ± 3.3

Hypertension, n (%) 17 (62.9)

Smoker, n (%) 2 (7.4)

Past smoker, n (%) 4 (14.8)

Dyslipidemia, n (%) 9 (33.3)

Diabetes, n (%) 4 (14.8)

QRS duration, ms 140 (130−160)

Echocardiographic parameters

LVEF, % 59.3 (56−66)

TAPSE, mm 24 (21.2−28.8)

E/e' ratio 9.2 (7.6−11)

LV diastolic diameter, mm 49 (46−53)

LV systolic diameter, mm 31.5 (28.9−35)

Left atrial diameter mm 35 (32−37)

IVS thickness, mm 10.7 (9.6−11.5)

LV mass index, g/m2 99 (83−127)

CPET parameters

HR at rest, bpm 78 (70−89)

HR at peak, bpm 153 (136−167)

SBP at rest, mm Hg 135 (125−140)

SBP at peak exercise, mm Hg 180 (160−190)

PeakVO2, ml/kg/min 19.3 (15−22.5)

PeakVO2, L/min 1.31 (1.04−1.88)

pp‐peakVO2, % 88 (79.3−104.4)

VE/VCO2 slope 28.1 (24.3−33.3)

Respiratory exchange ratio 1.25 (1.17−1.4)

Laboratory parameters

Hemoglobin, mg/dl 13.8 (12.8−14.6)

NT‐proBNP, pg/ml 122 (55−195)

CA125, U/ml 9 (6−12)

eGFR, ml/min/1.73m2 85.2 (75.3−106.6)

Note: Continuous variables are expressed as means (±1 SD) or medians
(interquartile range [IQR]), and discrete variables as frequencies and

percentages.

Abbreviations: BMI, body mass index; CPET, cardiopulmonary exercise
testing; E/e', ratio between early mitral inflow velocity and mitral annular

early diastolic velocity; eGFR, estimated glomerular filtration rate; IVS
thickness, interventricular septum thickness; LV, left ventricular; LVEF,
left ventricle ejection fraction; PeakVO2, peak oxygen consumption at
maximal exercise; pp‐peakVO2, percent predicted peak oxygen

consumption at maximal exercise; SBP, systolic blood pressure; TAPSE,
tricuspid annular plane systolic excursion; VE/VCO2 slope, ventilatory
efficiency.
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Several limitations need to be acknowledged. First, this pilot

study has the inherent limitations of being a work with a relatively

small number of participants, a fact that may limit the extrapolation of

these findings to the entire population of individuals with isolated

LBBB. Second, we did not include a control‐matched group. Third,

oxygen pulse was not evaluated. Fourth, we did not perform cardiac

stress imaging or invasive tests to exclude ischemic heart disease.

Finally, with the current data, we cannot unravel the pathophysio-

logical mechanism behind these findings.

5 | CONCLUSIONS

In this pilot study, adults with isolated LBBB showed reduced

maximal functional capacity, despite the absence of structural heart

disease and a baseline moderate to highly active lifestyle. Further

studies must confirm these results and elucidate the underlying

pathophysiological mechanisms responsible for these effects and the

potential prognostic impact at long‐term follow‐up.
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