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Abstract

Objective: Complete right bundle branch block (CRBBB) is one of the most common
intraventricular conduction disorders encountered in electrocardiogram (ECG) examinations of
children. Information on how frequently CRBBB is seen in pediatric patients, what morphological
patterns it exhibits, and its clinical significance is quite limited. This study aims to reveal the
frequency, types, and correlation with echocardiography (ECHO) findings of CRBBB in children
without a history of cardiac surgery.

Method: A total of 45,160 pediatric ECGs recorded at a single center between December 2017, and
July 2025 were retrospectively reviewed. Fifty-one cases aged 0-18 whose ECGs met the diagnostic
criteria for CRBBB were included in the study. Patients with a history of cardiac surgery,
myocarditis or acute rheumatic fever, a known diagnosis of congenital heart disease, and repeated
ECG recordings were excluded. The demographic data, ECG measurements, ECHO results, and, if
available, Holter and exercise test findings of all patients were evaluated.

Results: CRBBB was detected in a total of 51 cases (0.113%); 86.3% of them were male. The
highest number of cases were in the 4-16 age group (62.7%). The morphological distribution was
as follows: Type 3 (39.2%), Type 2 (29.4%), Type 1 (17.6%), and Type 4 (13.7%). ECHO
examinations revealed normal findings in 76.5% of the cases, while 23.5% had structural anomalies.
The most common pathologies were large secundum ASD (5.9%) and mitral valve anomalies
(13.7%). Holter and exercise test results were largely normal. There was no significant difference
in basic ECG parameters between the different RBBB types (p>0.05).

Conclusion: Although CRBBB is rare in children, approximately one-quarter of the cases are
associated with structural heart disease. Its higher frequency in males and the 4-16 age group, the
prominence of the Type 3 pattern, and the presence of right ventricular dilation in cases with ASD
suggest that this finding should not be overlooked. Although CRBBB follows a benign course in
most children, echocardiographic evaluation is recommended in the presence of a wide QRS
duration, additional ECG abnormalities, or clinical suspicion.

Keyword: Complete right bundle branch block, child, prevalence, morphological pattern,
echocardiography, atrial septal defect.
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INTRODUCTION

Complete right bundle branch block (CRBBB)
is one of the most common intraventricular
conduction disorders identified in pediatric
electrocardiogram (ECG) evaluations. While
the right and left ventricles normally depolarize
simultaneously via the His-Purkinje system, the
activation of the right ventricle is delayed in the
presence of CRBBB. This
characterized by the ECG by a widened QRS
complex (1,2). CRBBB is known to be a finding

condition is

whose prevalence increases with age in adults
and is more frequently reported in males and in
conditions causing right heart strain, such as

hypertension, diabetes, and cor pulmonale (3—

6).

In the pediatric age group, it has been reported
that CRBBB may often be associated with
structural heart diseases, particularly seen in the
context of atrial septal defect (ASD), Ebstein's
anomaly, and in the post-operative period

following tetralogy of Fallot repair (7-9).

However, the presence of isolated CRBBB in
children without structural heart disease is
generally considered benign, although data on
this subject are limited, and most studies have
focused on patient groups who have undergone
surgery or have underlying cardiac pathology

(10-12).

Although large-scale cohort studies in the adult
population have suggested that CRBBB may be
associated with cardiovascular mortality (13—
15), this relationship appears to be unclear in
the pediatric age group. Furthermore, a
significant portion of the pediatric studies in the
literature are limited to athlete children, those
with congenital heart disease, or post-operative
patient  groups  (9,12,16).  Large-scale
prospective or retrospective data on children
with isolated CRBBB and no history of surgery
are quite limited both in Tiirkiye and in the

international literature (17).

This is the first retrospective analysis in
Tiirkiye examining pediatric patients with
CRBBB without a history of cardiac surgery.
The aim of this study was to evaluate patients
who met the criteria for CRBBB and had not
previously been diagnosed with structural heart
disease in a large-scale pediatric ECG screening
conducted at a single tertiary healthcare center.

To determine the prevalence of CRBBB in
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pediatric patients and its role in the diagnostic
process, and to discuss its potential clinical and

prognostic significance in light of the results.
METHODS

This study was designed as a single-center,

retrospective,  descriptive,  cross-sectional
analysis. This retrospective study included 51
cases diagnosed with CRBBB from a total of
45,160 pediatric ECG records evaluated at the
Ordu University Training and Research
Hospital,

Clinic between December 2017 and July 2025.

Pediatric Cardiology Outpatient

Since this was a retrospective study covering a
specific time period (December 2017 — July
2025), all eligible ECGs meeting the inclusion
criteria were included, and no prior sample size
calculation was performed. A convenience
sampling method was applied using the entire
available database. The study was approved by
Ordu University Ethics
(Decision number: 91120269-800-E.0721087).

the Committee
Due to its retrospective design, informed
consent was not obtained. The study was
conducted in  accordance  with  the
Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) guidelines

for cross-sectional studies.

Patients aged 0—18 years were included in the
study. A non-probability convenience sampling
method was used. All pediatric ECGs recorded
in our hospital during the study period were
screened, and those meetings the CRBBB

diagnostic criteria were included. Analyses

were performed to cover the entire age range to
allow for the examination of age-related
distribution. For each case, age, sex, weight,
heart rate, CRBBB type on ECG, QRS width,
PR interval, modified QT (mQT) and corrected
QT (QTec) intervals, P wave axis, QRS axis, and
T wave axis were recorded. Furthermore,
echocardiography (ECHO) findings for all
patients, and when available, 24-hour Holter
ECG and exercise stress test results were

evaluated retrospectively.

The diagnosis of CRBBB was made based on
the QRS duration exceeding the following age-
specific threshold values and the presence of

typical ECG patterns:

* QRS duration >120 ms in adults, >100 ms in
children aged 4-16 years, and >90 ms in

children under 4 years of age.

* Presence of an rsr’, rsR’, or rSR’ pattern in
leads V1 or V2 (with the R’ or r’ deflection
typically being wider than the initial R wave).

* Presence of a wide and notched R wave

pattern in V1 and/or V2 in some cases.

* In adults, S wave duration being longer than

the R wave or >40 ms in leads [ and V6.

* Normal R wave peak time in leads V5 and

V6, but >50 ms in lead V1 (1).

For diagnosis, the first three of the above
criteria were mandatory. If a prominent R wave
(notched or otherwise) was present in lead V1,

the fulfillment of the 4th criterion was also
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required (1). Additionally, in our study, the
morphological typing of CRBBB was defined
as follows: rst’: Type 1, rsR": Type 2, rSR":
Type 3, and the Notched R wave pattern was
designated as Type 4.

The study included patients aged 0—18 years
who met the diagnostic criteria for CRBBB on
electrocardiography and had no previously
diagnosed structural heart disease. The ECGs of
all cases, recorded in our outpatient clinic
within the study dates, were reviewed
retrospectively. Patients with a history of
cardiac surgery, myocarditis, or acute
rheumatic fever, and those with any previously
diagnosed congenital heart disease were
excluded from the study. Furthermore, to
prevent inflation of the case number, recurrent
ECG records from the same patient were
excluded from the analysis. The primary
outcome measures of this study were the
prevalence of CRBBB, its morphological types,
and the frequency of associated structural heart

disease as detected by echocardiography.
Statistical Analysis

All data were analyzed using IBM SPSS
Statistics for Windows, Version 25.0 (IBM
Corp., Armonk, NY, USA). Continuous
variables were expressed as mean + standard
deviation (SD) for

distribution,

those with normal

and as median (minimum-—
maximum) values for those without normal
distribution. variables

Categorical were

presented as numbers (n) and percentages (%).

For comparisons between groups, one-way
analysis of variance (ANOVA) was used for
normally distributed continuous variables, and
the Kruskal-Wallis test was used for non-
normally distributed variables. Pearson's chi-
square or Fisher's exact test was applied for the
comparison of categorical data. A two-sided p-
value of <0.05 was considered statistically

significant for all statistical tests.
RESULTS

A total of 45,160 ECGs were evaluated, and
CRBBB was detected in only 51 (0.113%) of
them. Of the cases, 44 were male (86.3%) and
7 were female (13.7%). Male cases constituted
0.097% of all ECGs, while female cases
constituted 0.015%. According to the age
distribution, the highest number of cases was in
the 4-16 years age group (62.7%), followed by
the >16 years group (25.5%) and the <4 years
group (11.8%). While a marked increase in the
number of cases was observed with increasing
age, the highest proportion of females was
detected in the <4 years age group (66.7%), and
all cases in the >16 years group were male. The
demographic data of the cases are presented in

Table 1.

Table 2 presents the distribution of ECHO,
Holter, exercise test, and additional clinical
findings for the 51 cases evaluated in our study.
Echocardiographic ~ examination  revealed
normal findings in 76.5% of the cases, while
various pathologies were detected in 23.5%.

The most common pathological findings were a
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combination of mild mitral regurgitation (MR)
and mitral valve prolapse (MVP) (7.8%),
followed by isolated mild MR (5.9%).
Furthermore, a large secundum atrial septal
defect (ASD) with right ventricular dilation was
found in 3 cases (5.9%), and aortic root dilation
was detected in 2 cases (3.9%). On Holter
monitoring, the vast majority of cases (94.1%)
were in normal rhythm. No pathology was
detected in any of the cases who underwent an
stress test. The most

exercise common

additional finding was pectus excavatum.

The 51 cases examined in the study were

distributed by RBBB type as follows: 9 cases

(17.6%) with Type 1, 15 cases (29.4%) with
Type 2, 20 cases (39.2%) with Type 3, and 7
cases (13.7%) with Type 4. When heart rate, PR
interval, QRS duration, mQT, QTc, P wave
axis, QRS axis, and T wave axis were compared
between the groups, no statistically significant
difference was found (all p > 0.05). These
results indicate that there is no significant
difference in basic electrocardiographic
parameters among the RBBB types. The Mean
+ Standard Deviation (SD) Values of ECG
Parameters and p-Values for Different RBBB

Types are provided in Table 3

Table 1. Demographic Characteristics of Cases and Distribution by Age Groups

Group Age (years) Body weight (kilograms) Gender
(n, %) median (min—-max) n (%)
median (min—-max)
All cases 13.0 (1-18) 46.0 (10-118) M: 44 (86.3%), F: 7
(n=51, %100.0) (13.7%)
<4 years old 2.0 (1-3) 13.0 (10-16) M: 2 (33.3%), F: 4 (66.7%)
(n=6, %11.8)
Ages 4-16 12.0 (4-15) 42.0 (21-90) M: 29 (90.6%), F: 3 (9.4%)
(n=32, %62.7)
>16 years old 17.0 (16-18) 64.0 (42-118) M: 13 (100.0%), F: 0

(n=13, %25.5)

(0.0%)

M:Male, F:Female

Table 2. Distribution of ECHO, HOLTER, EST and Additional Findings

Results (Toplam 51) n (%)
ECHO (n:51)

- Normal 39 (76.5)
- Secundum ASD (large), RV dilatation 3(5.9)

- Mild MR 3(5.9

- Mild MR + MVP 4(7.8)

- Aortic root dilatation 2(3.9
HOLTER (n:51)

- Normal 48 (94.1)
- Low atrial ritim 1(1.96)
-SVT 1 (1.96)
- Frequent SVES 1(1.96)
EST (n:51)

- Normal 45 (88.2)
- Untested 6 (11.8)
Additional Findings (n:51)

- No 46 (90.2)
- Hypothyroidism 1(2.0)

- Pectus excavatum 3(59)

- Cri du Chat syndrome 1 (1.96)

ECHO: Echocardiography, EST: Exercise stress test, MR: Mitral regurgitation, MVP: Mitral valve prolapse, RV: Right ventricle,
ASD: Atrial septal defect, SVT: Supraventricular tachycardia, SVES: Supraventricular premature beat.
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Table 3. Mean =+ standard deviation (SD) and p-values of ECG parameters in different RBBB types

Variable Type 1 Type 2 Type 3 Type 4 p
n =9 (%17.6) n =15 (%29.4) 20 (%39.2) n=7
(%13.7)

Heart rate (beats/min) 81.2+20.8 88.1+£24.0 81.2+15.6 83.1+18.2 0.746
PR duration (ms) 1329+ 19.6 120.9 +36.1 1405+ 184 1414+ 154 0.119
QRS duration (ms) 118.6 £5.0 1214+9.4 1243+£6.9 127.1+7.0 0.102
mQT (ms) 3564+194 34534292 356.6+27.4 362.9+19.7 0.432
QTc (ms) 399.6 +16.8 399.1 £27.8 405.1+18.2 405.1 £ 14.1 0.805
P Axis (°) 452+ 18.9 64.9 +46.0 60.4 +45.7 43.1+29.0 0.521
QRS Axis (°) 69.9+32.5 78.8 £68.3 81.3+£83.9 142.0+£41.6 0.154
T Axis (°) 448 +24.4 51.7+39.6 38.3+19.1 39.6 £ 14.6 0.526

ms: millisecond. Statistical significance level was accepted as p < 0.05. rsr”: Type 1, rsR": Type 2, rSR": Type 3, and the notched R

wave pattern was designated as Type 4.

DISCUSSION

This study is the first large-scale retrospective
analysis to evaluate cases of CRBBB without a
history of cardiac surgery in the pediatric age
group in Tiirkiye. The obtained results provide
significant data regarding both the prevalence
of CRBBB in this age group and its clinical
characteristics associated with sex, age

distribution, and morphological patterns.

A total of 45,160 pediatric ECGs were
evaluated, and the prevalence of CRBBB was
found to be 0.113%. This rate is similar to the
0.1% prevalence reported in a large-scale study
of young individuals in the United Kingdom
(18) and is significantly lower than the rates of
0.9-1.7% reported in community-based adult
cohorts in China (5,19). One of the most
important reasons for this difference is that our
study focused solely on the pediatric age group
and on cases without a surgical history. The
majority of cases (62.7%) were in the 4-16
years age group, suggesting that while CRBBB

can occur in childhood, it tends to increase in

prevalence with age (20-22).

In our study, the frequency of CRBBB was
significantly higher in males (86.3%) than in
females (13.7%), and all cases in the >16 years
age group were male. This sex difference has
also been prominently demonstrated in
previous epidemiological studies; for instance,
the Copenhagen City Heart Study reported a
RBBB prevalence of 1.5% in men and 0.7% in
women (5), and similar results were obtained in
the Health 2000 Survey (20). This finding is
attributed to the anatomical structural
properties of the right bundle branch, the higher
prevalence of cardiovascular risk factors in
males (20-22), and the possibility of right

ventricular remodeling being more pronounced

in male athletes (8,11,22-25).

A Type 3 (rSR’) pattern was detected in 39.2%
of the cases, Type 2 (rsR’) in 29.4%, Type 1
(rst’) in 17.6%, and a Type 4 (notched R)
pattern in 13.7%. Data on the distribution of
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pediatric CRBBB types in the literature are
limited, but varying diagnostic criteria and
observer experience can lead to heterogeneity

in morphological classification (5,11,18,19,25).

Echocardiography results were normal in
76.5% of the cases, while structural anomalies
were detected in 23.5%. The most common
pathologies were ASD (5.9%) and mitral valve
anomalies (total

between CRBBB and ASD has been reported

13.7%). The association

numerous times previously (7,9,10,23). In the
study by MacLachlan et al., ASD was detected
in 57% of young individuals with CRBBB, and
it was noted that a wide QRS (>130 ms) and
additional ECG anomalies increased the risk of
pathology (18). Although QRS durations did
not show a significant difference between
groups in our cases, the presence of
concomitant right ventricular dilation in all

children with ASD is clinically significant.

In the literature, CRBBB can be associated with
cardiovascular mortality in adults (10,23,26);
however, this association is reported to be less
clear in pediatric patients (7,9,23). Our findings
indicate that pediatric CRBBB is largely benign
in its course, but is associated with structural

cardiac pathology in approximately one-quarter

of cases. Therefore, echocardiographic

evaluation is recommended, especially in the
presence of a wide QRS duration, additional

ECG anomalies, or clinical suspicion.

International criteria for athlete ECGs

recommend further evaluation in all individuals

with a QRS >140 ms (16); it can be considered
that this approach may also be valid in the
pediatric population, albeit with lower QRS

duration thresholds adjusted for age groups.

Our study has a retrospective, single-center
design and includes only isolated CRBBB cases
without a history of surgery. Therefore, our
results cannot be generalized to a more severe
clinical spectrum. Furthermore, due to the lack
of long-term follow-up data, the potential for
CRBBB to progress to more advanced
conduction disorders or arrhythmias could not

be assessed.

Study Limitations: Since this is a cross-
sectional study, no information can be provided
regarding the long-term follow-up of the
patients and the development of complications.
Both the ECG and echocardiographic
evaluations were performed by a single
pediatric cardiologist, which increases the risk

of observer bias.
CONCLUSION

This study demonstrates that the prevalence of
pediatric CRBBB is low; however, it is a
finding that should not be overlooked clinically.
Its higher frequency in males and in the 4-16
years age group, the dominance of the Type 3
pattern, and the detection of a structural
anomaly in approximately one-quarter of the
cases indicate that this finding warrants support
through targeted echocardiographic evaluation.

Our findings reveal that pediatric CRBBB
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follows a benign course in most cases, but it

may be clinically significant in certain

subgroups.
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