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Background: Complete bundle branch block in individuals without structural heart disease is known as 
isolated complete bundle branch block. Isolated complete left bundle branch block (CLBBB) is correlated 
with ventricular dysfunction secondary to dyssynchrony; however, few studies have investigated isolated 
complete right bundle branch block (CRBBB), which was previously considered benign but was recently 
found to be associated with adverse cardiovascular outcomes. This study aimed to evaluate cardiac 
mechanical synchrony, and systolic and diastolic function in patients with isolated CRBBB and compare 
cardiac synchrony and function to patients with isolated CLBBB.
Methods: This cross-sectional study was conducted at The First Hospital of China Medical University in 
Shenyang, China, from 2020 to 2021. A total of 44 isolated CRBBB patients, 44 isolated CLBBB patients, 
and 42 healthy subjects were enrolled in the study. Transthoracic echocardiography was performed in all 
subjects. Synchrony parameters, including the mechanical dispersion of the right ventricle [the standard 
deviation of time to the peak longitudinal strain of six right ventricular (RV) segments] and atrioventricular 
dyssynchrony parameter [the ratio of left ventricular (LV) diastolic filling time to the time interval between 
two adjacent R waves (RR interval) measured by tissue Doppler imaging]. RV and LV function were assessed 
by the global longitudinal strain (GLS) of six RV segments and 18 LV segments, and the ratio of the peak 
early diastolic flow velocity to annular velocity (E/e′) of the tricuspid valve and mitral valve. Statistical 
analyses were performed, including an analysis of variance, Pearson correlation analysis, and linear regression 
analysis.
Results: Compared with the healthy subjects, the mechanical dispersion of the right ventricle was 
significantly increased, and ventricular function was impaired as evidenced by the decreased RV GLS and 
LV GLS, and the increased E/e′ of the tricuspid valve and mitral valve in the isolated CRBBB patients (all 
P<0.001). Moreover, compared with the isolated CLBBB patients, the mechanical dispersion of the right 
ventricle and E/e′ of the tricuspid valve were increased, and RV GLS was significantly reduced in the isolated 
CRBBB patients (all P<0.001). Mechanical dispersion of the right ventricle was independently associated 
with RV GLS [coefficient, 0.13; 95% confidence interval (CI): 0.004–0.26; P=0.04] in the isolated CRBBB 
patients. RV GLS (coefficient, 0.10; 95% CI: 0.01–0.20; P=0.03) and the ratio of the LV diastolic filling time 
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Introduction

Complete bundle branch block is often associated with 
underlying cardiovascular abnormalities, such as myocardial 
infarction, hypertension, or cardiomyopathy (1,2), but it 
can also occur in individuals without any evidence of other 
heart diseases, which is called isolated complete bundle 
branch block. Isolated complete right bundle branch block 
(CRBBB) and complete left bundle branch block (CLBBB) 
have a prevalence of 0.18% and 0.1%, respectively, in the 
general population (3). Isolated CLBBB is correlated with 
ventricular dysfunction secondary to cardiac contractile 
dyssynchrony (4-6); however, there are few studies on 
cardiac mechanical dyssynchrony and ventricular function 
in isolated CRBBB.

CRBBB leads to delayed depolarization of the regional 
right ventricle (7) and prolongation of total right ventricular 
(RV) activation, resulting in a late opening of the 
pulmonary valve and late RV ejection (8), which may affect 
mechanical synchrony and ventricular function in isolated 
CRBBB patients. Isolated CRBBB is generally considered 
benign with a favorable prognosis (9,10), but several recent 
investigations have shown that isolated CRBBB is associated 
with adverse cardiovascular outcomes (11,12). Evidence 
on cardiac synchrony and ventricular function in isolated 
CRBBB patients and differences in synchrony and function 
between isolated CRBBB and CLBBB patients remains 
inconclusive.

Therefore, this study aimed to: (I) compare cardiac 
synchrony and systolic and diastolic function in isolated 
CRBBB patients and healthy subjects; (II) analyze the 
possible factors associated with ventricular function in 

isolated CRBBB patients; and (III) compare the different 
effects of isolated CRBBB patients and isolated CLBBB 
patients on cardiac synchrony and ventricular systolic and 
diastolic function. We present this article in accordance with 
the STROBE reporting checklist (available at https://qims.
amegroups.com/article/view/10.21037/qims-23-959/rc).

Methods

Study population

A total of 44 patients with isolated CRBBB who underwent 
regular annual checkups at the medical examination 
center of The First Hospital of China Medical University 
between March 2020 and June 2021 were enrolled in this 
cross-sectional study. To be eligible for inclusion in this 
study, the patients had to meet the following inclusion 
criterion: have a diagnosis of CRBBB on a standard  
12-lead electrocardiogram (ECG) without other evidence 
of heart disease. Patients were excluded from the study if 
they met any of the following exclusion criteria: (I) had any 
structural heart disease, such as any valvular dysfunction, 
congenital heart disease, restrictive, hypertrophic, or dilated 
cardiomyopathy, ischemic heart disease, myocarditis, 
pericardial effusion, other supraventricular or ventricular 
arrhythmias, atrial fibrillation, paced rhythms, or left 
ventricular ejection fraction (LVEF) <52% in men or 
<54% in women (13); (II) had any history of coronary 
artery disease, which was defined as a history of chronic 
stable angina, unstable angina, non-segment between the 
S-wave end and the T-wave onset (ST-segment) elevation 
myocardial infarction or ST-segment elevation acute 

to the RR interval measured (coefficient, −0.30; 95% CI: −0.53 to −0.07; P=0.01) were independent factors of 
LV GLS.
Conclusions: The isolated CRBBB patients had impaired cardiac mechanical synchrony and ventricular 
function, and more decreased RV synchrony and function than the isolated CLBBB patients. Right 
intraventricular synchrony was independently associated with RV systolic dysfunction in patients with 
isolated CRBBB. Atrioventricular synchrony and RV systolic function were independently associated with 
the LV systolic function. Therefore, comprehensive evaluations of echocardiography results and close 
monitoring is required for isolated CRBBB patients.
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myocardial infarction, or positive results on an exercise 
stress test; (III) had any severe systemic disease, including 
anemia, tumors, infection, hepatorenal insufficiency, and 
autoimmune disease; (IV) had hypertension, diabetes, 
hyperlipidemia, hyperthyroidism, hypothyroidism, or 
pulmonary hypertension; and/or (V) had poor ECG images 
or poor echocardiographic images with artifacts that led to 
the failure of the imaging analysis.

In addition, 44 patients who were diagnosed with isolated 
CLBBB on standard 12-lead ECG and 42 healthy subjects 
with sinus rhythm were enrolled during the same study 
period; the exclusion criteria were the same as those for 
the isolated CRBBB patients. A flow chart of the selection 
process for the study group is provided in Figure 1.

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013) and approved 
by the Ethics Committee of Medical Science Research of 
The First Hospital of China Medical University (No. 2019-
93-2). Informed consent was obtained from all individual 

participants.

Electrocardiography

Each baseline standard 12-lead ECG was recorded in the 
supine position at a paper speed of 25 mm/s and calibration 
of 10 mm/mV using a MAC 5500 ECG machine (GE 
Healthcare, Waukesha, WI, USA).

CRBBB was defined by baseline standard supine  
12-lead ECG findings of: (I) time interval between 
the Q-wave onset and the S-wave end (QRS duration)  
≥120 ms; (II) rsr′, rsR′, or rSR′ in leads V1 or V2; (III) S-wave 
duration >40 ms or greater than R wave duration in leads I 
and V6; and (IV) R wave peak time >50 ms in lead V1 but 
normal values in leads V5 and V6. Of the above criteria, the 
first three had to be present to make a diagnosis of CRBBB. 
When a pure dominant R wave with or without a notch was 
present in V1, criterion IV should be considered met (14).

CLBBB was defined as: (I) QRS duration ≥140 ms in 

1,809 patients who underwent regular checkups at the First Hospital of China Medical University between March 2020 and June 2021 

205 patients with diagnosis of CRBBB

48 patients with isolated CRBBB 

44 patients with isolated CRBBB 

4 patients with poor ECG or 

echocardiographic images

5 patients with poor ECG or 

echocardiographic images

49 patients with isolated CLBBB 

44 patients with isolated CLBBB 42 healthy subjects

3 patients with 

poor ECG or 

echocardiographic 

images

157 patients with any 

structural heart disease 

or heart failure, other type 

of arrhythmias or paced 

rhythms, any history of 

coronary artery disease or 

positive results on stress 

test; hypertension; diabetes; 

systemic diseases; or other 

endocrine diseases

123 patients with any 

structural heart disease 

or heart failure, other type 

of arrhythmias or paced 

rhythms, any history of 

coronary artery disease or 

positive results on stress 

test; hypertension; diabetes; 

systemic diseases; or other 

endocrine diseases

172 patients with diagnosis of CLBBB
45 healthy subjects

without any structural heart 

disease or heart failure, 

any type of arrhythmias or 

paced rhythms, any history 

of coronary artery disease 

or positive results on stress 

test; hypertension; diabetes; 

systemic diseases; or other 

endocrine diseases

Figure 1 Flow diagram for patient selection. CRBBB, complete right bundle branch block; CLBBB, complete left bundle branch block; 
ECG, electrocardiogram.
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men or ≥130 ms in women; (II) QS or rS in leads V1 and 
V2; and (III) mid-QRS complex slurring or notching in ≥2 
of leads V1, V2, V5, V6, I, and aVL (15).

Echocardiography

Echocardiography was performed within 24 hours of 
ECG using a Vivid E9 ultrasound system (GE Healthcare) 
equipped with a 2–4 MHz phased-array probe. Images 
were acquired with the patient in the left decubitus position 
during normal respiration and caution was paid to minimize 
artifacts. At least three consecutive cardiac cycles were 
stored in the cineloop format for offline analysis using an 
EchoPAC workstation (GE Healthcare). Two experienced 
cardiologists with more than 5 years of expertise 
were blinded to the clinical data and performed the 
measurements as recommended by the American Society of 
Echocardiography (ASE) (13).

Assessment of cardiac dyssynchrony
The atrioventricular dyssynchrony parameter was defined as 
the ratio of the LV diastolic filling time to the RR interval 
(LVDFT/RR) measured by tissue Doppler imaging, while 
the interventricular dyssynchrony parameter was defined as 
interventricular mechanical delay (IVMD) calculated as the 
difference between the aortic and pulmonary pre-ejection 
time (16,17).

Right intraventricular synchrony was evaluated by the 
mechanical dispersion of the right ventricle (MD-RV), 
which was calculated as the standard deviation of time to 
the peak longitudinal strain of six segments for the right 
ventricle based on the peak of the averaged curve by two-
dimensional speckle tracking echocardiography (2D-STE) 
from the RV-focused apical four-chamber view. Left 
intraventricular synchrony was evaluated by the mechanical 
dispersion of the left ventricle (MD-LV), which was 
calculated as the standard deviation of the time to the peak 
longitudinal strain of 18 segments of the left ventricle from 
apical four-, two-, and three-chamber views focused on the 
left ventricle (18,19).

Assessment of RV function
According to the ASE recommendations (20), the RV basal 
diameter (RV-base), RV mid-diameter (RV-mid), and RV 
longitudinal dimension (RVLD) were measured to assess 
RV size. To assess RV systolic function, RV fractional area 
change (RV-FAC), tricuspid annular plane systolic excursion 
(TAPSE), systolic velocity of the septal tricuspid annulus 

(TV-s'), and RV global longitudinal strain (RV GLS) were 
measured. RV GLS was determined based on the peak of 
the averaged curve of a six-segment RV model by 2D-STE 
in the RV-focused apical four-chamber view, and the lower 
limit of normality was −20.0% for men and −20.3% for 
women (21).

For RV diastolic function, the ratio of the peak early 
diastolic tricuspid flow velocity to the peak late tricuspid 
diastolic flow velocity (RV-E/A), ratio of the peak early 
diastolic tricuspid flow velocity to the peak early diastolic 
velocity of the lateral tricuspid annulus (TV-E/e′), and 
deceleration time of the peak early diastolic tricuspid 
flow velocity (TV-EDT) were assessed. The RV index 
of myocardial performance (RV-Tei-Index) was used to 
evaluate RV global function.

Assessment of LV function
To assess LV systolic function, LV end-diastolic diameter 
(LVEDD), LV end-diastolic volume (LVEDV), LV end-
systolic volume (LVESV), LVEF, and LV GLS were 
measured according to the ASE recommendations (13). LV 
GLS was determined for an 18-segment LV model using 
2D-STE from three apical views.

To assess LV diastolic function, the peak early diastolic 
mitral flow velocity (MV-E), peak late diastolic mitral flow 
velocity (MV-A), peak early diastolic velocity of the septal 
mitral annulus (MV-e′-sep), peak early diastolic velocity 
of the lateral mitral annulus (MV-e′-lat), and tricuspid 
regurgitation velocity (TR) were measured, and the peak 
early diastolic mitral flow velocity/late diastolic mitral flow 
velocity (MV-E/A), peak early diastolic mitral flow velocity/
average of the peak early diastolic velocity of septal and 
lateral mitral annulus (MV-E/e′), and left atrial volume 
index (LAVI) were calculated.

Statistical analysis

The statistical analyses and graphing were performed 
using SPSS 26.0 (IBM Corporation, Armonk, NY, USA) 
and GraphPrism 9.0 (GraphPad, La Jolla, CA, USA). 
The categorical variables are expressed as the frequency 
(percentage), while the continuous variables are expressed 
as the mean ± standard deviation. Normality plots with 
tests were performed using the Shapiro-Wilk test, and 
the assumption of homogeneity of variance was verified 
using Levene’s test. The categorical variables were 
analyzed using the chi-square test or Fisher’s exact test 
as appropriate. Comparisons among ≥ three groups were 



Quantitative Imaging in Medicine and Surgery, 2024 5

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2024 | https://dx.doi.org/10.21037/qims-23-959

assessed using a one-way analysis of variance (ANOVA) 
with the Tukey-Kramer post-hoc test when the assumption 
of homogeneity of variance was met; otherwise, Welch’s 
one-way ANOVA with the Games-Howell post-hoc test 
was used. Correlations between QRS duration and cardiac 
synchrony were determined by a Pearson’s correlation 
analysis. Simple and multiple linear regression analyses 
were performed to determine the variables associated with 
RV GLS or LV GLS. Variables with values of P<0.20 in 
the simple linear regression analyses were subjected to the 
multiple regression models using the enter method, and 
the associations are expressed as the regression coefficients 
and 95% confidence intervals (CIs). For all the analyses, 
two-sided values of P≤0.05 were considered statistically 
significant.

Results

Clinical characteristics

The clinical characteristics of all  the subjects are 
summarized in Table 1. The mean age of the isolated 
CRBBB patients was higher than that of the healthy 
subjects (50.0±9.1 vs. 44.1±10.2 years, P=0.01) but did 
not differ significantly from that of the isolated CLBBB 
patients (50.0±9.1 vs. 50.9±8.3 years, P=0.87). Systolic 
blood pressure in the isolated CLBBB patients was higher 
than that in the isolated CRBBB and healthy subjects  
(130.4±7.7 mmHg for the isolated CLBBB patients vs. 
126.5±6.9 mmHg for the isolated CRBBB patients vs. 
125.5±8.3 mmHg for the healthy subjects; P=0.009).

The QRS duration of the isolated CRBBB patients was 
longer than that of the healthy subjects but did not differ 
from that of the isolated CLBBB patients (156.2±11.0 ms 
for the isolated CRBBB patients vs. 153.7±15.1 ms for the 
isolated CLBBB patients vs. 105.3±5.2 ms for the healthy 
subjects; P<0.001). The time interval between the P-wave 
onset and the QRS-wave onset (PR interval) of the isolated 
CRBBB patients did not differ significantly from that of 
the isolated CLBBB patients and healthy subjects, but the 
PR interval of the isolated CLBBB patients was longer 
than that of the healthy subjects (159.4±22.1 ms for the 
isolated CRBBB patients vs. 167.8±20.8 ms for the isolated 
CLBBB patients vs. 151.7±17.6 ms for the healthy subjects; 
P=0.002). The QRS axis in the isolated CLBBB patients was 
significantly more leftward than that in the isolated CRBBB 
and healthy subjects (48.5°±44.7° for the isolated CRBBB 
patients vs. −2.8°±28.5° for the isolated CLBBB patients vs. 

38.5°±29.6° the for healthy subjects; P<0.001). There were 
no significant intergroup differences in terms of sex, body 
surface area, body mass index, smoking status, heart rate, or 
diastolic blood pressure.

Cardiac synchrony

LVDFT/RR was significantly decreased and IVMD, 
MD-LV, and MD-RV were significantly increased in 
the isolated CRBBB and CLBBB patients compared 
with the healthy subjects. IVMD and MD-LV were 
significantly decreased and LVDFT/RR and MD-RV were 
significantly increased in the isolated CRBBB patients 
compared to the CLBBB patients. The results suggested 
that atrioventricular, interventricular, right, and left 
intraventricular synchrony were significantly decreased in 
the isolated CRBBB and CLBBB patients compared to the 
healthy subjects. Compared to the isolated CLBBB patients, 
right intraventricular dyssynchrony was significantly 
decreased, but the degree of impairment of atrioventricular, 
interventricular, and left intraventricular dyssynchrony 
was lower in the isolated CRBBB patients (Table 1,  
Figures 2,3A-3D). Moreover, QRS duration was not 
significantly correlated with LVDFT/RR, IVMD, MD-
LV, or MD-RV (r=−0.04, P=0.79; r=0.11, P=0.46; r=0.11, 
P=0.48; r=−0.06, P=0.71, respectively). 

Comparison of RV function

RV-base, RV-mid, RVLD, RV GLS, TV-E/e′, TV-EDT, 
and RV-Tei-Index were significantly higher, and RV-FAC, 
TAPSE, and TV-s′ were significantly lower in the isolated 
CRBBB patients than the isolated the CLBBB patients and 
healthy subjects (Table 1); a graphical comparison of the RV 
GLS values among the groups is shown in Figure 3E. The 
RV systolic and diastolic function of the isolated CRBBB 
patients was significantly decreased compared to that of the 
isolated CLBBB patients and healthy subjects.

Comparison of LV function

The LV systolic and diastolic function parameters are 
shown in Table 1. The isolated CRBBB patients and isolated 
CLBBB patients had significantly decreased LV systolic 
and diastolic function compared to the healthy subjects as 
evidenced by the LV GLS, MV-E/A, and MV-E/e′ values. 
Compared with the isolated CLBBB patients, the isolated 
CRBBB patients had increased MV-E/A and decreased 
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Table 1 Clinical characteristics and echocardiography parameters of the study population

Parameters Healthy (n=42) CLBBB (n=44) CRBBB (n=44) P value

Age (years) 44.1±10.2 50.9±8.3* 50.0±9.1* 0.002

Male 16 (38.1) 17 (38.6) 23 (52.3) 0.31

BSA (m2) 1.75±0.19 1.73±0.17 1.79±0.20 0.32

BMI (kg/m2) 24.71±4.97 25.66±4.53 25.16±3.38 0.60

Smoking status 6 (14.3) 9 (20.5) 8 (18.2) 0.75

HR (beat/min) 67.1±4.6 68.8±5.4 66.4±5.1 0.08

SBP (mmHg) 125.5±8.3 130.4±7.7* 126.5±6.9# 0.009

DBP (mmHg) 80.6±3.1 79.8±6.3 78.4±7.4 0.22

QRS duration (ms) 105.3±5.2 156.2±11.0* 153.7±15.1* <0.001

PR interval (ms) 151.7±17.6 167.8±20.8* 159.4±22.1 0.002

QRS axis (°) 38.5±29.6 −2.8±28.5* 48.5±44.7# <0.001

Synchrony

LVDFT/RR (%) 50.45±4.73 31.52±4.36* 36.01±1.90*# <0.001

IVMD (ms) 13.33±4.05 61.25±13.05* 37.93±14.66*# <0.001

MD-LV (ms) 29.72±7.96 71.88±12.96* 61.25±13.61*# <0.001

MD-RV (ms) 36.83±10.71 56.38±7.19* 72.07±11.79*# <0.001

RV function

RV-base (mm) 31.05±4.01 32.88±3.12 41.07±5.30*# <0.001

RV-mid (mm) 21.53±3.07 24.85±2.73 29.84±4.74*# <0.001

RVLD (mm) 51.49±2.72 55.26±5.23 59.40±6.18*# <0.001

RV-Tei-Index 0.40±0.09 0.67±0.19* 0.76±0.14*# <0.001

RV-FAC (%) 54.72±5.33 47.54±4.60* 39.07±5.18*# <0.001

TAPSE (mm) 21.97±2.46 21.56±2.93 15.24±1.94*# <0.001

TV-s′ (cm/s) 12.62±1.92 11.48±2.36* 8.68±0.98*# <0.001

RV GLS (%) −25.70±3.51 −23.30±3.82* −18.53±4.95*# <0.001

RV-E/A 1.45±0.31 1.29±0.41 1.19±0.32* 0.003

TV-E/e′ 5.42±1.34 6.89±1.26* 9.48±1.36*# <0.001

TV-EDT (ms) 148.14±30.87 189.32±20.75* 194.57±22.03* <0.001

Table 1 (continued)
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LV GLS and MV-E/e′ values. A graphical comparison of 
LV GLS values among groups is shown in Figure 3F. The 
LV function in the isolated CRBBB patients was more 
impaired than that in the healthy subjects, but the degree 
of impairment was less than that in the isolated CLBBB 
patients.

Factors associated with RV and LV systolic function in the 
isolated CRBBB patients

The results of the simple linear regression analyses showed 
that age, heart rate, MD-LV, and MD-RV were associated 
with RV GLS in the patients with isolated CRBBB. The 
results of the multiple linear regression analysis, which 

included four variables from the simple regression analyses, 
revealed that MD-RV was independently associated with 
RV GLS (coefficient, 0.13; 95% CI: 0.004–0.26; P=0.04), 
whereas the other factors showed no significant associations 
(Table 2). 

In relation to the factors associated with LV GLS, the 
simple linear regression analysis results showed that body 
surface area, heart rate, PR interval, RV-base, RV-FAC, 
RV GLS, and LVDFT/RR were associated with LV GLS 
in the isolated CRBBB patients. Based on the simple linear 
regression analysis results, a multiple linear regression 
analysis showed that RV GLS (coefficient, 0.10; 95% CI: 
0.01–0.20; P=0.03) and LVDFT/RR (coefficient, −0.30; 
95% CI: −0.53 to −0.07; P=0.01) were independent factors 

Table 1 (continued)

Parameters Healthy (n=42) CLBBB (n=44) CRBBB (n=44) P value

LV function

LVEDD (mm) 47.64±2.40 51.79±4.95* 49.69±4.83* <0.001

LVEDV (mL) 90.55±8.18 101.77±19.50* 99.23±28.05 0.001

LVESV (mL) 32.70±5.34 40.51±9.93* 37.70±14.54 <0.001

LVEF (%) 65.24±3.11 59.97±4.16* 61.16±2.27* <0.001

LV GLS (%) −21.23±1.46 −16.96±1.41* −17.98±1.51*# <0.001

MV-e′-sep (cm/s) 10.17±1.48 5.57±1.53* 7.70±2.78*# <0.001

MV-e′-lat (cm/s) 12.40±2.65 7.77±2.50* 10.82±2.74*# <0.001

MV-E/A 1.48±0.44 0.80±0.26* 1.01±0.36*# <0.001

MV-E/e′ 7.52±2.09 13.83±4.55* 10.93±1.45*# <0.001

LAVI (mL/m2) 25.80±3.39 31.53±4.90* 29.54±4.65* <0.001

TR (m/s) 0.56±0.35 1.33±0.74* 1.51±0.39* <0.001

Data are expressed as the mean ± SD or n (%). *, P<0.05 vs. healthy controls; #, P<0.05 vs. CLBBB. CLBBB, complete left bundle branch 
block; CRBBB, complete right bundle branch block; BSA, body surface area; BMI, body mass index; HR, heart rate; SBP, systolic blood 
pressure; DBP, diastolic blood pressure; QRS duration, time interval between the Q-wave onset and the S-wave end; PR interval, time 
interval between the P-wave onset and the QRS-wave onset; QRS axis, angle between the frontal plane QRS-vector and horizontal 
axis; LVDFT/RR, the ratio of left ventricular diastolic filling time to the time interval between two adjacent R waves; IVMD, interventricular 
mechanical delay time; MD-LV, mechanical dispersion of the left ventricle; MD-RV, mechanical dispersion of the right ventricle; RV-
base, right ventricular basal diameter; RV-mid, right ventricular mid diameter; RVLD, right ventricular longitudinal dimension; RV-FAC, 
right ventricular fractional area change; TAPSE, tricuspid annular plane systolic excursion; TV-s', systolic velocity of septal tricuspid 
annulus; RV GLS, right ventricular global longitudinal strain (six-segment); RV-E/A, peak early diastolic tricuspid flow velocity/late diastolic 
tricuspid flow velocity; TV-E/e′, peak early diastolic tricuspid flow velocity/peak early diastolic velocity of lateral tricuspid annulus; TV-EDT, 
deceleration time of the peak early diastolic tricuspid flow velocity; LVEDD, left ventricular end-diastolic diameter; LVEDV, left ventricular 
end-diastolic volume; LVESV, left ventricular end-systolic volume; LVEF, left ventricular ejection fraction; LV GLS, left ventricular global 
longitudinal strain; MV-e′-sep, peak early diastolic velocity of septal mitral annulus; MV-e′-lat, peak early diastolic velocity of lateral mitral 
annulus; MV-E/A, peak early diastolic mitral flow velocity/late diastolic mitral flow velocity; MV-E/e′, peak early diastolic mitral flow velocity/
average of the peak early diastolic velocity of septal and lateral mitral annulus; LAVI, left atrium volume index; TR, tricuspid regurgitation 
velocity; SD, standard deviation. 
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A B C

Figure 2 An example of two-dimensional strain curves of the right ventricle for the mechanical dispersion analysis. (A) Isolated complete 
right bundle branch block patients, (B) isolated complete left bundle branch block patients, and (C) healthy subjects. The arrows represent 
the time from the electrocardiographic onset R to the peak segmental longitudinal strain. Mechanical dispersion is assessed by the standard 
deviation of the six segments coded by colors. AVC, aortic valve closure. 

of LV GLS (Table 3).

Discussion

The main findings of our study were as follows: (I) isolated 
CRBBB patients had impaired cardiac synchrony compared 
with the healthy subjects, and right intraventricular 
synchrony was especially decreased compared with the 
isolated CLBBB patients; (II) the RV systolic and diastolic 
function of the isolated CRBBB patients was decreased 
compared with that of the isolated CLBBB patients, 
and right intraventricular synchrony was independently 
associated with RV systolic dysfunction; (III) the LV systolic 
and diastolic function of the isolated CRBBB patients 
was decreased, but the degree of LV function impairment 
was less than that of the isolated CLBBB patients; and 
atrioventricular synchrony and RV systolic function were 
independently associated with the LV systolic function.

Isolated CRBBB: not completely benign

The right bundle branch consists of Purkinje fibers through 
the interventricular septum and provides rapid electric 
conduction to the RV free wall (22). Anatomically, the right 
bundle branch originates from the atrioventricular bundle 
and has a smaller and more discrete structure than the left 
bundle branch. Moreover, the blood of the proximal end 
of the right bundle branch is independently supplied by 
penetrating branches from the left anterior descending 

(LAD) coronary artery, but the left bundle branch receives 
a dual blood supply from the LAD coronary artery and the 
posterior descending branch. Therefore, the right bundle 
branch is more vulnerable to injury than the left bundle 
branch (23,24).

CRBBB is generally considered benign (9,10); however, 
recent studies have reported that CRBBB was related to 
poor clinical outcomes. Meyer et al. (25) showed that right 
bundle branch block was associated with high baseline 
cardiovascular risk in acute myocardial infarction patients, 
and CRBBB was an independent predictor of cardiovascular 
events in type 2 diabetes mellitus (26). In addition, a meta-
analysis by Xiong et al. (27) revealed that right bundle 
branch block was related to an increased mortality risk in 
heart failure patients and the general population, which 
confirms that right bundle branch block portends a higher 
mortality risk, and thus deserves more attention and is 
worthy of investigation.

Impact of dyssynchrony on RV function in isolated CRBBB

When a block occurs along the right bundle branch, the 
electrical impulse activating the RV free wall originates 
from the left bundle branch through the myocardial tissue 
(28,29). The velocity of conduction between cardiomyocytes 
was significantly lower than that of the Purkinje fibers. 
When the RV lateral wall is excited, the interventricular 
septum is in an effective or relatively refractory stage, 
and the distance from the interventricular septum to the 
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Figure 3 Comparison of cardiac synchrony and systolic function. (A) Atrioventricular synchrony. (B) Interventricular synchrony. (C) 
Left intraventricular synchrony. (D) Right intraventricular synchrony. (E) Right ventricular systolic function. (F) Left ventricular systolic 
function (*, P<0.05 vs. healthy controls; Ψ, P<0.05 vs. isolated CLBBB). CLBBB, complete left bundle branch block; CRBBB, complete 
right bundle branch block; LVDFT/RR, the ratio of left ventricular diastolic filling time to the time interval between two adjacent 
R waves; IVMD, interventricular mechanical delay time; MD-LV, mechanical dispersion of the left ventricle; MD-RV, mechanical 
dispersion of the right ventricle; RV GLS, right ventricular global longitudinal strain (six-segment); LV GLS, left ventricular global 
longitudinal strain. 

RV free wall is different, resulting in a more regional 
heterogeneous contraction of the right ventricle. Previous 
studies have shown that RV dyssynchrony measured by 
echocardiography was correlated with RV function in 
CRBBB patients with structural heart diseases (30), but 
no conclusions have been reached about the situation in 
isolated CRBBB patients.

In our study, we found that RV synchrony was 

significantly decreased in the patients with isolated 
CRBBB, and atrioventricular, interventricular and left 
intraventricular synchrony was also significantly decreased, 
which may result from the initial depolarization vector 
moving from the left to the right side of the interventricular 
septum, causing an activation delay in the LV distal 
segments and changes in the mechanical stretch order 
throughout the heart (31). The small difference in MD-
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Table 2 Simple and multiple linear regression analyses of the factors associated with RV GLS in the isolated CRBBB patients

Variables
Univariate regression Multivariate regression†

Coefficient (95% CI) P value Coefficient (95% CI) P value

Age (years) −0.12 (−0.28, 0.51) 0.17 −0.08 (−0.23, 0.08) 0.31

Male 1.86 (−1.13, 4.85) 0.22 – –

BSA (m2) 4.16 (−3.51, 11.83) 0.28 – –

HR (beat/min) 0.24 (−0.05, 0.53) 0.11 0.22 (−0.06, 0.49) 0.12

QRS duration (ms) −0.05 (−0.15, 0.05) 0.31 – –

PR interval (ms) 0.01 (−0.07, 0.10) 0.73 – –

QRS axis (°) −0.008 (−0.05, 0.03) 0.71 – –

SBP (mmHg) 0.06 (−0.16, 0.28) 0.61 – –

DBP (mmHg) −0.11 (−0.31, 0.10) 0.30 – –

LVDFT/RR (%) 0.01 (−0.80, 0.82) 0.98 – –

IVMD (ms) 0.03 (−0.08, 0.13) 0.61 – –

MD-LV (ms) 0.09 (−0.01, 0.21) 0.08 0.06 (−0.05, 0.17) 0.29

MD-RV (ms) 0.17 (0.05, 0.29) 0.006 0.13 (0.004, 0.26) 0.04
†, the linear regressions of factors associated with RV GLS were performed using an enter method by clinical characteristics (including 
age, male, BSA, HR, QRS duration, SBP, and DBP) and synchrony parameters (including LVDFT/RR, IVMD, MD-LV, and MD-RV). Variables 
with P values <0.20 in the simple linear regression analyses were included in the multiple regression models. RV GLS, right ventricular 
global longitudinal strain (six-segment); CRBBB, complete right bundle branch block; CI, confidence interval; BSA, body surface area; 
HR, heart rate; QRS duration, time interval between the Q-wave onset and the S-wave end; PR interval, time interval between the P-wave 
onset and the QRS-wave onset; QRS axis, angle between the frontal plane QRS-vector and horizontal axis; SBP, systolic blood pressure; 
DBP, diastolic blood pressure; LVDFT/RR, the ratio of left ventricular diastolic filling time to the time interval between two adjacent R 
waves; IVMD, interventricular mechanical delay time; MD-LV, mechanical dispersion of the left ventricle; MD-RV, mechanical dispersion of 
the right ventricle.

LV between the isolated CLBBB and CRBBB patients was 
interesting. It may be that the right-sided septum below the 
block site of the bundle branch was electrically activated by 
cell-to-cell conduction instead of the specialized Purkinje 
fibers, which affected the synchrony of the interventricular 
septum significantly, resulting in left intraventricular 
mechanical dyssynchrony in the isolated CRBBB patients. 
In addition, the degree of reduction of right intraventricular 
dyssynchrony was greater, but the degrees of reduction of 
atrioventricular, interventricular, and left intraventricular 
dyssynchrony were less in the isolated CRBBB patients than 
the isolated CLBBB patients, which may be because the 
right bundle branch is mainly responsible for the electrical 
activation of the right ventricle and dominates a smaller 
area of myocardium than the left bundle branch.

RV function is a dependent factor with heart failure, 
clinical deterioration, and cardiovascular prognosis, and 

has received increased attention from clinicians recently 
(32-34). To accurately detect subclinical alterations in RV 
systolic function in the isolated CRBBB patients, we used 
RV GLS based on 2D-STE, which is a sensitive parameter 
recommended by the ASE guidelines (35). In our study, 
RV systolic function was significantly lower in the isolated 
CRBBB patients than the isolated CLBBB patients, 
while right intraventricular synchrony was independently 
associated with RV systolic function, but other clinical and 
synchrony parameters were not. The possible mechanism 
here is that the full filling and contraction of the right 
ventricle in the entire cardiac cycle cannot be guaranteed 
due to cardiac mechanical contraction dyssynchrony, and 
its efficiency during systole and diastole is decreased. 
In addition, RV mechanical contraction dyssynchrony 
may affect coronary perfusion coupled with changes 
in intraventricular hemodynamics, leading to uneven 
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Table 3 Simple and multiple linear regression analyses of the factors associated with LV GLS in the isolated CRBBB patients

Variables
Univariate regression Multivariate regression†

Coefficient (95% CI) P value Coefficient (95% CI) P value

Age (years) −0.002 (−0.05, 0.05) 0.95 – –

Male 0.46 (−0.56, 1.47) 0.37 – –

BSA (m2) 2.30 (0.03, 4.57) 0.05 0.31 (−2.23, 2.84) 0.82

HR (beat/min) −0.07 (−0.16, 0.02) 0.15 −0.05 (−0.14, 0.04) 0.28

QRS duration (ms) −0.002 (−0.03, 0.03) 0.88 – –

PR interval (ms) 0.02 (−0.003, 0.04) 0.09 0.01 (−0.01, 0.03) 0.34

QRS axis (°) −0.002 (−0.01, 0.01) 0.71 – –

SBP (mmHg) 0.04 (−0.03, 0.10) 0.29 – –

DBP (mmHg) 0.02 (−0.04, 0.08) 0.55 – –

RV-base (mm) 0.08 (−0.006, 0.16) 0.07 0.07 (−0.03, 0.16) 0.16

RV-mid (mm) 0.02 (−0.09, 0.11) 0.77 – –

RVLD (mm) 0.28 (−0.05, 0.10) 0.47 – –

RV-Tei-Index 2.18 (−1.20, 5.56) 0.20 – –

RV-FAC (%) −0.06 (−0.15, 0.03) 0.15 −0.007 (−0.10, 0.09) 0.88

TAPSE (mm) −0.07 (−0.31, 0.17) 0.57 – –

TV-s′ (cm/s) 0.13 (−0.35, 0.61) 0.58 – –

RV GLS (%) 0.10 (0.006, 0.19) 0.04 0.10 (0.01, 0.20) 0.03

RV-E/A −0.28 (−1.77, 1.20) 0.71 – –

TV-E/e′ 0.19 (−0.15, 0.53) 0.26 – –

TV-EDT (ms) 0.003 (−0.02, 0.02) 0.80 – –

LVDFT/RR (%) −0.30 (−0.53, −0.07) 0.01 −0.30 (−0.53, −0.07) 0.01

IVMD (ms) −0.001 (−0.03, 0.03) 0.95 – –

MD-LV (ms) 0.02 (−0.02, 0.05) 0.26 – –

MD-RV (ms) −0.003 (−0.04, 0.04) 0.89 – –
†, the multiple linear regressions of the factors associated with LV GLS were performed using an enter method by clinical characteristics 
(including age, male, BSA, HR, QRS duration, SBP, and DBP), RV function parameters (including RV-base, RV-mid, RVLD, RV-Tei-Index, 
RV-FAC, TAPSE, TV-s′, RV GLS, RV-E/A, TV-E/e′, and TV-EDT) and synchrony parameters (including LVDFT/RR, IVMD, MD-LV, and MD-
RV). Variables with P values <0.20 in the simple linear regression analyses were included in the multiple regression models. LV GLS, left 
ventricular global longitudinal strain; CRBBB, complete right bundle branch block; CI, confidence interval; BSA, body surface area; HR, 
heart rate; QRS duration, time interval between the Q-wave onset and the S-wave end; PR interval, time interval between the P-wave 
onset and the QRS-wave onset; QRS axis, angle between the frontal plane QRS-vector and horizontal axis; SBP, systolic blood pressure; 
DBP, diastolic blood pressure; RV-base, right ventricular basal diameter; RV-mid, right ventricular mid diameter; RVLD, right ventricular 
longitudinal dimension; RV-FAC, right ventricular fractional area change; TAPSE, tricuspid annular plane systolic excursion; TV-s', systolic 
velocity of septal tricuspid annulus; RV GLS, right ventricular global longitudinal strain (six-segment); RV-E/A, peak early diastolic tricuspid 
flow velocity/late diastolic tricuspid flow velocity; TV-E/e′, peak early diastolic tricuspid flow velocity/peak early diastolic velocity of lateral 
tricuspid annulus; TV-EDT, deceleration time of the peak early diastolic tricuspid flow velocity; LVDFT/RR, the ratio of left ventricular 
diastolic filling time to the time interval between two adjacent R waves; IVMD, interventricular mechanical delay time; MD-LV, mechanical 
dispersion of the left ventricle; MD-RV, mechanical dispersion of the right ventricle. 
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myocardial stretch, RV dilation, or remodeling.

LV function in isolated CRBBB

Surprisingly,  our study results  indicated that the 
deterioration of LV systolic function in the isolated CRBBB 
patients was independently associated with RV systolic 
function and atrioventricular synchrony. The reason may be 
that LV, RV, systemic circulation, and pulmonary circulation 
are a combination of volume, pressure, and electrical and 
mechanical activity. When CRBBB occurs, the presence of 
atrial ventricular dyssynchrony and RV systolic dysfunction 
leads to increased right atrial pressure and the delayed 
opening of the pulmonary valve, affecting atrial filling 
and emptying and thus changing LV systolic function. In 
addition, the blood supply to the right bundle branch comes 
mostly from the branch of the LAD coronary artery, which 
also supplies other major areas of the left ventricle, which 
might contribute to LV systolic dysfunction. Meanwhile, the 
isolated CLBBB patients also had decreased RV function, 
which might be due to the dual blood supply from the LAD 
coronary artery and posterior descending branch; however, 
the isolated CLBBB patients did not experience the same 
degree of impaired RV function because the LAD coronary 
artery provides the main blood supply to the left bundle 
branch (36).

Relationship of QRS duration with mechanical 
dyssynchrony

Our findings also showed that QRS duration was not 
correlated with cardiac synchrony; thus, it was an inadequate 
indicator of ventricular systolic dysfunction in patients 
with isolated CRBBB. Zaidi et al. demonstrated that QRS 
duration did not correspond to RV function in patients 
with hypoplastic left heart syndrome, while Uyguanco  
et al. showed that the prolongation of QRS duration is not 
a marker of significant LV systolic dysfunction in CRBBB 
patients with other structural heart diseases (29,37). 
Mechanical dyssynchrony measured by echocardiography 
is more sensitive and accurate than QRS duration on body 
surface ECG for assessing the underlying ventricular 
systolic dysfunction.

Limitations

The present study had several limitations. First, our study 

had a relatively small number of isolated CRBBB patients, 
which is likely a result of the relatively low prevalence of 
isolated CRBBB. We excluded patients with known causes 
of CRBBB to limit the effects of structural heart disease 
on systolic and diastolic function. Second, data on the 
effects of synchrony on long-term outcomes in patients 
with isolated CRBBB were lacking. However, there were 
few adverse cardiovascular events during the short-term 
follow-up period because CRBBB damage in patients is a 
long-term process. Third, the possibility of false-positive 
results were not absolutely excluded. MD-RV and MD-
LV may increase in cases of regional dysfunction, which 
is unrelated to conduction delays. To minimize this 
possibility, we strictly excluded patients with any structural 
heart disease, any heart disease with possible regional 
dysfunction including ischemic heart disease, any history 
of coronary artery disease, or positive results on an exercise 
stress test. In addition, LVDFT/RR lacks specificity for 
atrioventricular dyssynchrony because it can be influenced 
by increased afterload when the difference of systolic 
blood pressure is significant; however, we did exclude 
patients with hypertension. Fourth, given that CRBBB is 
a common finding in patients with a concave-shaped chest 
wall and/or pectus excavatum (38) and that these individuals 
may exhibit intraventricular dyssynchrony and impaired 
biventricular myocardial strain parameters without any 
intrinsic myocardial dysfunction (39), further studies should 
be designed to evaluate the potential effects of chest wall 
conformation on cardiac synchrony and function in isolated 
CRBBB patients in comparison to isolated CLBBB patients.

Conclusions

The isolated CRBBB patients had impaired cardiac 
synchrony, biventricular systolic, and diastolic function 
compared with the healthy subjects. RV dyssynchrony and 
RV dysfunction in the isolated CRBBB patients were more 
decreased than in the isolated CLBBB patients, while the 
impairment degree of atrioventricular, interventricular, LV 
synchrony, and LV function in the isolated CRBBB patients 
was less than that in the isolated CLBBB patients. RV 
synchrony was independently associated with RV systolic 
function, while atrioventricular synchrony and RV systolic 
function were independently associated with LV systolic 
function. These findings suggest that we must perform 
more comprehensive echocardiography evaluations and 
monitor isolated CRBBB patients more closely.
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