Received: 18 December 2017 Accepted: 19 January 2018

DOI: 10.1111/chd.12589

ORIGINAL ARTICLE

WILEY @m Congenital Heart Disease

Utility of incomplete right bundle branch block as an isolated
ECG finding in children undergoing initial cardiac evaluation

Omar Meziab MD |
Laura Bevilacqua MD |
Edward P. Walsh MD |
Boston Children’s Hospital, Boston,
Massachusetts, USA

Correspondence

Omar Meziab, MD, 36 Park Street Apt 4,

Brookline, MA 02446, USA.
Email: omar.meziab@childrens.harvard.edu

1 | INTRODUCTION

Dominic J. Abrams MD | Mark E. Alexander MD |
Vassilios Bezzerides MD | Doug Y. Mah MD |
John K. Triedman MD

Abstract

Objective: This study evaluates the ability of experienced pediatric electrophysiologists (EPs) to
reliably classify incomplete right bundle branch block (IRBBB) and assesses its clinical utility as an

isolated ECG finding in a group of healthy outpatient children without prior cardiac evaluation.

Design: We performed a retrospective analysis of all electrocardiographic and echocardiographic
records at Boston Children’s Hospital between January 1, 2005, and December 31, 2014. Echocardio-
graphic diagnoses were identified if registered between the date of the index electrocardiogram and
the ensuing year. A selected subset of 473 ECGs was subsequently reanalyzed in a blinded manner

by six pediatric EPs to determine the consistency with which the finding of IRBBB could be assigned.

Results: Of the 331 278 ECGs registered in the BCH database, 32 127 (9.7%) met inclusion crite-
ria and were analyzed for the prevalence of isolated right bundle conduction disturbance findings.
The mean age was 12.1 + 4.0 years, and the population was 49% male. Of the 32 127 ECGs,
72.5% were coded normal, 3.0% were coded IRBBB, and 0.5% were coded complete right bundle
branch block (CRBBB). A total of 7.3% of patients coded as normal had an ensuing echocardio-
gram, compared to 12.5% coded IRBBB. Echo findings were recorded in 0.1% of normal and 0.2%
of IRBBB. Patients with ASD-secundum type were no more likely to have isolated IRBBB on previ-
ous ECG than the general population (2.5% vs 3.0%). Analysis of inter-reader variability in ECG
findings and conduction disturbance identification was high (range of IRBBB prevalence 1-20%
among readers). Reinterpretation of ECGs using explicit diagnostic criteria did not demonstrate
consistent discrimination of IRBBB and Normal ECGs.

Conclusions: IRBBB is not uncommon in a healthy school age population and is observed to have
high inter-reader variability. It was associated with increased use of echocardiographic exam but
was not associated with increased rate of echocardiographic findings when compared with rates
for normal ECGs.
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surgical procedures. Although several sets of major criteria for

increased risk of significant heart disease have been proposed,®™3

Screening by electrocardiogram (ECG) is increasingly used to evalu- minor electrocardiographic findings are considerably more common
ate children without known heart disease prior to initiation of vari- and of uncertain significance and sometimes cause considerable
ous classes of medication, participation in competitive sports, and concern.
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Incomplete right bundle branch block (IRBBB) is commonly identi-
fied in pediatric ECGs.*"1° Though it is frequently noted, the criteria
used to define IRBBB vary with respect to QRS duration, morphology,
and age dependence of parameters.2™3 Even when standard criteria are
available, the ability of even experienced practitioners to consistently
apply them to the identification of pediatric ECG findings is
imperfect.**"*2 Thus, there is likely to be considerable latitude in the
discrimination of a finding of IRBBB from patients with normal ECGs
and conversely those with complete right bundle branch block (CRBBB).

While IRBBB is prevalent, its significance as a finding in a previ-
ously healthy child has also not been demonstrated. IRBBB may be
observed in some patients with known atrial septal defect (ASD), but it
may not be associated with ASD in a predictively useful way.4"8 |t
may also be a dynamic ECG finding in those with the rare but impor-
tant ion channel defect Brugada syndrome.*’

To determine the predictive utility of IRBBB as an isolated ECG
finding, we sought to answer the following questions. First, what is the
prevalence of IRBBB and CRBBB compared to “normal” ECGs in an
outpatient population of children receiving their first ever ECG at our
institution? Second, what additional diagnostic evaluation followed an
initial observation of either IRBBB or CRBBB and what is the preva-
lence of subsequently diagnosed anatomical heart disease in these
three patient groups? Third, what is the prevalence of IRBBB in
patients with known ASD? Finally, what is the consistency with which
a group of expert pediatric electrophysiologists is able to reliably clas-
sify an isolated finding of IRBBB?

2 | METHODS

Data on 12-lead ECGs taken from pediatric patients at Boston Child-
ren’s Hospital in Boston, Massachusetts, between January 2005 and
December 2014 was collected from an internal database. Population

parameters (Figure 1) for study inclusion were applied to this collection

331,000 Total
ECGs from
Jan 2005 to
Dec 2014

of ECGs, including the following: (1) patient age range of 4-18 years;
(2) no prior known history of cardiac disease, defined as absence of any
record of prior ECG (dating back to January 2000); (3) ECG collected
from outpatient clinic or emergency department; and (4) ECG read by a
specialist in pediatric electrophysiology with cumulative experience of
over 9000 ECG reads during the study period. Assignment of ECGs to
these individual readers has historically been made by calendar duty
rotation and is thus assumed to be effectively random. In order to fur-
ther limit this population to patients unlikely to be referred for evalua-
tion of previously known heart disease, patients were then limited to
ZIP code of area within ~80 miles of Boston, Massachusetts (014xx-
030xx) and those with any prior history of echocardiographic examina-
tion were identified and removed. From this group, those patients with
isolated ECG findings of “tracing within normal limits” and/or “sinus
arrhythmia” (classified for this study as normal), IRBBB, or CRBBB were
the targets of study.

The prevalence rates of each category of ECG finding (normal,
IRBBB, and CRBBB) were demonstrated. From these subsets, it was
determined how many ECGs in each category had an echocardiogram
performed within 1 year after the ECG. Furthermore, it was determined
how many of these subsequent echocardiograms resulted in a non-
normal finding. Further analyses were done to identify ECG reader use
of QRS duration as a differentiating feature for interpretation.

During the same time period and from the same limited group,
163 patients were identified as having secundum-type ASD on echo-
cardiogram. The first ECG from the year preceding echocardiographic
diagnosis was evaluated for isolated IRBBB diagnosis.

From the total inventory of studies, 473 ECGs (each previously
coded as normal, IRBBB, or CRBBB in the 10-year sample) were ran-
domly selected, de-identified and assigned to six current board-certified
pediatric cardiologists with a full time electrophysiology practice to be
read again. The readers were instructed to provide a new designation of
normal, IRBBB, or CRBBB to each ECG based on criteria explicitly

* Aged-18yearsold

Age limits, No prior ECG,
Current ECG from
outpatient/ED, Pedi EP

*  No prior known history of cardiac disease or
prior ECG (dating back to January 2000)

*  ECG collected from outpatient clinic or ED

*  ECG read by pediatric electrophysiologist
with cumulative experience of over 9000
ECG reads during the study period

*  From ZIP code of area within ~80 miles of

read
| 42,408 ECGs

4' ZIP Code Exclusion I

| 37,625 ECGs

Prior Echo
Exclusion
32,127 ECGs with
isolated finding
of Normal, IRBBB,
or CRBBB

FIGURE 1 Inclusion criteria list—population characteristics

Boston, MA
*  No prior echocardiographic examination
* Isolated ECG finding of Normal, IRBBB, or
CRBBB
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ECG Finding Prevalence and Echo Proportions
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@ Total 23,308
@ Echo 1,707 (7.3%)
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957 156
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2 (0.2%) 7 (4.5%)*
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FIGURE 2 Graphical rep of prevalence values over 10 years

provided at the top of each ECG. IRBBB and CRBBB criteria were
constructed based on simplified existing parameters gathered from
the American Heart Association, Seattle Criteria, and World Health
Organization. Finalized IRBBB criteria included as follows: (1) QRS
duration less than 110 ms, (2) terminal R wave in V1, and (3) wide
terminal S wave in leads | and V6. CRBBB was defined as meeting
the same criteria as IRBBB except for having QRS duration of
greater than 110 ms.

The ECG readers designated each ECG as one of normal, IRBBB,
or CRBBB. After completion, the total number of ECG designations of
each reviewer were evaluated and compared. For an ECG with com-
plete agreement among the reviewers, a classification of “consensus”
was applied. For ECGs with agreement among five of the six reviewers,
a classification of “agreement” was applied. For ECGs with agreement
among four reviewers, a classification of “classifiable” was given. ECGs
with agreement among a maximum of three reviewers were classified
as “unclassifiable.” Each ECG was assigned a final designation of nor-
mal, IRBBB, or CRBBB based on a majority of agreement of the com-
posite evaluations of the six reviewers. Percentage of consensus
designations for normal, IRBBB, and CRBBB was evaluated and com-
pared to expected percentages using chi-square testing. Additionally,
quality of disagreement was evaluated, with tallying of which noncon-
sensus designations were given to each ECG (ie, an overall “agreement”
ECG designated as IRBBB having the lone dissenting reader grade it as
being normal). The total number of dissenting responses was gathered,
and the percentages of likelihood of confusing IRBBB/CRBBB and
IRBBB/normal were evaluated.

Finally, the ECG designations of each reader were compared
against those of each other reader to evaluate for inter-rater consis-
tency in interpretation. Their results were initially compared head to
head and assigned kappa coefficients for individual comparisons
between two readers. The consistency of ECG designations was then

evaluated as a group using Fleiss’ kappa coefficient.

3 | RESULTS

3.1 | Prevalence of normal, isolated IRBBB, and
isolated CRBBB findings and association with
echocardiographic diagnoses

The grand total of ECGs signed during the study period was 331 278.
A subset of 42 408 total pediatric ECGs were identified which qualified
for inclusion in this study based on the parameters outlined above
(Figure 1). Of this total, 20 796 (49%) were from male subjects. The
subjects’ mean age was 12.1 + 4.0 years. Of the entire set of first
time ECGs, 37 625 of these were from patients living within ZIP
codes within ~80 miles of Boston city limits. There were 35 684
first-time ECGs in patients who had not had an echocardiogram
done prior to the identified ECG. When eliminating subjects living
out of the ZIP code designation and with prior echocardiograms, the
final set of patients with first-time ECGs was 32 127 (9.7% of total
ECGs).

A total of 23 308 (72.5%) of the final set of ECGs were read as
normal, 957 (3.0%) were read as having IRBBB, and 156 (0.5%) were
read as having CRBBB. The total number of first-time ECGs with
subsequent echocardiograms in the ensuing year was 2386 (8.8% of
all ECGs). Of the normal ECGs, 1707 (7.3%) of them were followed
by an echocardiogram. IRBBB ECGs were followed by 120 (12.5%)
echocardiograms, while CRBBB ECGs were followed by 100 (64.1%)
echocardiograms. By Fisher’s exact testing, there was a significantly
higher number of echocardiograms performed for IRBBB when com-
pared with normal ECGs (P < .05), as well as for CRBBB when com-
pared with normal ECGs (P < .05). The total number of first-time
ECGs with any nonnormal echocardiogram diagnoses was 85 (0.3%
of all ECGs). Of the normal ECGs, 13 (0.1%) of them were followed
by a nonnormal echocardiographic diagnosis. IRBBB ECGs lead to 2

(0.2%) echocardiograms with nonnormal diagnoses, while CRBBB
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TABLE 1 Interobserver rates of ECG designation 2005-2014
Observer Normal (%) IRBBB (%) CRBBB (%)
1 73 5 0.7
2 70 8 0.4
3 78 1 0.5
4 62 8 0.7
5 57 3 0.1
6 86 1 0.5
7 73 4 0.3
8 54 20 0.4
Mean 72.5 3.0 0.5
Coefficient of 1.6 12.9 0.1

variability

ECGs were followed by seven nonnormal echocardiograms (4.5%).
By Fisher’s exact testing, there was no significant difference in the
number of nonnormal echocardiogram findings for IRBBB compared
to normal ECGs (P = .26). There was a significant difference in the
number of nonnormal echocardiogram findings for CRBBB com-
pared to normal ECGs (P < .05). All numerical analyses are listed and
graphically represented in Figure 2.

3.2 | Previous ECG findings in patients with ASD

Over the study period, 163 patients were identified with isolated
secundum-type ASD on echocardiogram. Their mean age was
8.7 = 4.4 years. Of them, seven had a first time ECG during the pre-
ceding year with a finding of IRBBB. That group included four patients
with isolated findings of IRBBB on first ECG, showing a prevalence of
2.5% of isolated findings of IRBBB on ECG in patients with known iso-
lated secundum-type ASD.

3.3 | Evaluation of discrimination of ECG findings

In the initial collection of ECGs read from 2005 to 2014, the group of
readers varied in their respective proportions of identified readings of
normal, IRBBB, and CRBBB (Table 1). The total percentage of ECGs
identified as normal was 72.5, with the lowest percentage by an indi-
vidual reader being 54 and the highest percentage being 86. This
accounted for an absolute difference of 32% with a relative difference
1.59 times higher in the upper value, with a coefficient of variability of
1.6%. The total percentage of ECGs identified as IRBBB was 3.2, with
the lowest percentage by an individual reader being 1 and the highest
percentage being 20. This accounted for an absolute difference of 19%
with a relative difference 20 times higher in the upper value, with a
coefficient of variability of 12.9%. The total percentage of ECGs identi-
fied as CRBBB was 0.5, with the lowest percentage by an individual
reader being 0.1 and the highest percentage being 0.7. This accounted
for an absolute difference of 0.6% with a relative difference 7 times
higher in the upper value, with a coefficient of variability of 0.1%.

The QRS distribution histograms in Figure 3 demonstrate this var-
iance, with IRBBB and CRBBB QRS durations varying widely among
readers. The average QRS duration used as the transition point
between IRBBB and CRBBB for each reader varied by 15 ms, while the
percentage of overlap of QRS durations among readers in distinguish-
ing between IRBBB and CRBBB ranged from 14 to 67. The average of
the median QRS durations from ECGs identified by any reader as Nor-
mal from the original set was 82 ms. The average median QRS duration
of IRBBB designated ECGs from the original set was 89.5 ms, while the
value for CRBBB designated ECGs was 130.5 ms (Table 2). The average
of the median QRS durations from ECGs identified by any reader as
IRBBB from the reexamined set was 96.7 ms, while the average median
QRS duration of CRBBB designated ECGs was 130 ms.

Upon reexamination by the 6 EP readers using the constructed
definitions, 247 (52.2%) were identified as normal, 76 (16.1%) were

Mean QRS Distributions of All
Observers: Re-Analysis
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FIGURE 3 Histograms from reanalysis
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TABLE 2 Mean QRS distributions of all observers: 2005-2014

QRS length (ms)

Normal median 82
IRBBB median 89.5
CRBBB median 130.5
QRS transition
point (ms)
Normal/IRBBB 81
IRBBB/CRBBB 108

identified as having IRBBB, and 128 (27.1%) were identified as having
CRBBB (Table 3). Based on previous ECG readings, the expected distri-
bution was 35.2% normal, 34.4% IRBBB, and 30.4% CRBBB. By Fish-
er's exact multinomial testing, this finding was found to be significant
(P < .001). Furthermore, 22 (4.7%) of the reread ECGs were given no
consensus classification, as there was not a majority designation pro-
vided by the group of readers.

When looking at all 323 ECGs determined by majority of reviewers
to be normal or IRBBB, there were 153 instances of a reader making the
nonmajority designation of that ECG. After accounting for six total
reviewers, these total values result in a rate of 7.9% crossover of designa-
tions of Normal and IRBBB. When looking at all 204 ECGs determined by
majority of reviewers to be IRBBB or CRBBB, there were 34 instances of
a reader making the nonmajority designation of that ECG. After account-
ing for six total reviewers, these total values result in a rate of 2.8% cross-
over of designations of IRBBB and CRBBB. The relative increased
likelihood of confusing Normal and IRBBB compared to confusing IRBBB
and CRBBB was 2.8. Kappa coefficients for 15 pairwise comparisons
between readers ranged from 0.67 to 0.83 (Table 4A). The Fleiss’ kappa
coefficients for inter-rater reliability by diagnostic category were 0.76 for
normal ECGs, 0.55 for IRBBB, and 0.91 for CRBBB (Table 4B).

4 | DISCUSSION

In this study, we examined a large population of school-aged children
from areas surrounding Boston with a first time ECG done in an outpa-

tient setting. This population was chosen to be similar to a general

TABLE 3 Interobserver rates of ECG designation upon reanalysis
Designation Number
Normal 247 52.2
IRBBB 76 16.1
CRBBB 128 27.1
Unclassifiable 22 47
Grand total 473 100
P < .0001

Classification Consensus—6/6

Number (%) 310 (65) 93 (20)

Observed (%)

Agreement—5/6

@dﬁ Congenital Heart Discase WILE YJﬁ

TABLE 4 Reanalysis interobserver agreement

(A) Pairwise interobserver kappa values

Observer 1 2 3 4 5 6
1 1 0.71 0.69 0.68 0.67 0.68
2 1 0.75 0.82 0.79 0.83
3 1 0.76 0.78 0.81
4 1 0.77 0.82
5 1 0.79
6 1
(B) Group kappa values

Normal IRBBB CRBBB
Kappa 0.76 0.55 0.91

Kappa interpretation?’;

Moderate agreement = 0.41-0.60.
Substantial agreement = 0.61-0.80.
Near perfect agreement = 0.81-1.00.

population of children presenting for screening ECG. Our primary find-
ings were as follows. First, although the isolated finding of IRBBB was
roughly twice as likely as Normal patients to undergo a subsequent
echocardiogram, the rate of anatomical findings in both populations
was similar and exceedingly low. Second, the prevalence of IRBBB in
patients from this group found to have an ASD was not different from
the group as a whole. Third, when experienced pediatric EPs were
given explicit criteria for distinguishing normal, IRBBB and CRBBB find-
ings, there remained considerable discrepancy in assignment of findings
and extensive confusion between normal and IRBBB ECGs.

Patients were most commonly found to have normal ECGs
(72.5%), with isolated IRBBB an infrequent finding (3.0% of all ECGs)
and isolated CRBBB only rarely (0.5%) identified. Compared to pub-
lished studies, the prevalence of IRBBB in our population was within
previously observed ranges.*~1° This prevalence varies widely depend-
ing on the population examined®”*%2 and other ECG findings incor-
porated with it.2%%*

A potential association has been suggested between IRBBB and
atrial septal defect (ASD), a cardiac defect with low prevalence in

healthy populations of children not otherwise known to have heart

Expected (%) Expected total

35.2 167
34.4 163
304 144
0.0 0

100 473

Classifiable—4/6 Unclassifiable—<4/6

48 (10) 22 (5)
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FIGURE 4 (A-C) Reanalysis ECG examples
disease.t®?272¢ This observation may suggest to clinicians that the isolated IRBBB in our group were almost twice as likely as normal
presence of IRBBB in itself indicates the need for further anatomical ECGs to have an echocardiogram performed within the year following
evaluation. However, this association has not demonstrated great pre- the ECG (12.5% vs. 7.3%), but these echocardiograms resulted in non-

dictive value for finding ASD in other reviews.*>'%?” Patients with normal findings at proportionally similar rates for both IRBBB and
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FIGURE 4 (Continued)

normal ECGs. This is corroborated by our further observation that
there was no increase in prevalence of IRBBB in patients with ASD
(2.5%) compared to the general study population (3.0%).

As mentioned earlier, multiple sets of diagnostic criteria have been
proposed for determination of IRBBB and CRBBB in children.! ™ If ECG
readers use varying rules to assign these findings, it weakens any specific
associations with cardiac disease that may actually be present. It is possi-
ble that this variability could be reduced and predictive power increased
by applying a single common set of criteria for IRBBB. In our initial study
set, there was marked variability in the proportions with which different
pediatric EPs assigned the findings of normal, IRBBB, and CRBBB (Table
1), as well as an outlier (Observer 8). This indicates a lack of uniformity
in ECG interpretation, despite the fact that the readers are trained in car-
diac arrhythmia and reading a high volume of randomly assigned trac-
ings. This observation was particularly also reflected in the differing
distributions of QRS duration between readers. This data suggests that,
although QRS duration has been emphasized as a major distinguishing
factor between IRBBB and CRBBB in all published guidelines, expert
ECG readers do not consistently employ this distinction and/or utilize
other criteria to assign these diagnostic findings in practice.

Although there are multiple definitions of IRBBB and CRBBB that
could lead to confusion, they do overlap considerably. Previous studies
have questioned the dependability and consistency of pediatric
cardiologist-read ECGs as a screening tool when tested against a “gold
standard.”*%'2 However, we considered that consistent adherence to a
single set of rules by the ECG readers could mitigate variability in read-

ing. To better understand the question of consistency and evaluate for

ECG interpretation rule adherence, a sample group of ECGs was col-
lected from the database, de-identified and redistributed to pediatric
EPs for blinded analysis, with provision of specific grading criteria writ-
ten on each ECG (Figure 4A-C). Despite this, readers reached effective
diagnostic consensus (agreement among at least five of the six readers)
on the coding of these ECGs in only 85% of cases. During re-
examinations, readers classified more tracings than expected as normal
ECGs, and were more likely to confuse normal and IRBBB ECGs than
they were to confuse IRBBB and CRBBB ECGs. Agreement among the
readers was rated as “substantial” to “near-perfect” based on pairwise
kappa coefficient analysis and in total for normal and CRBBB ECGs,
but only as “moderate” agreement amongst readers regarding IRBBB
identification. Almost complete overlap in QRS duration was noted
between ECGs coded as normal and those coded as IRBBB.

Our data suggest that even with emphasis of a uniform defini-
tion of IRBBB, skilled readers remain inconsistent in their discrimina-
tion between normal and IRBBB, a previously discussed finding.*2!
The initial historical variability that was noted in our evaluation of
ECGs read over a ten year window was only marginally decreased
by providing a standardized criteria for guiding blinded rereading of
a selected subsample of normal, IRBBB, and CRBBB ECGs (Tables 3
and 4A and B). This is similar to marginal improvement in ECG classi-
fication previously demonstrated with instructional remediation with
respect to screening criteria.2® Stated simply, providing uniform ECG
criteria for IRBBB and CRBBB did not substantially correct the abil-
ity of skilled ECG readers to differentiate normal and IRBBB coding
of ECGs.
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4.1 | Limitations

In the retrospective portion of this study, high-volume, expert ECG
readers, working under clinical conditions, are assumed to represent
a “gold standard” for accuracy and reproducibility. This assumption
of a gold standard defined in this way is challenged by the findings
of the study itself, which indicate significant variability and the
importance of “style” of interpretation, even in expert readers.
Structured reanalysis of ECGs was performed to determine whether
this variability was due to inconsistent understanding of a single,
simple set of criteria for IRBBB, and in this process, group consen-
sus was used to determine the “correct” finding within an ECG, in
the absence of a set definitive answer. Although it can be asserted
that the criteria themselves represent a “gold standard,” our data
indicate that such “standards” cannot in fact be applied to clinical
practice.

Though considerable focus was placed on eliminating previously
known cardiac patients, there is the possibility that these patients could
creep in to the data set and be responsible for some number of echo-
cardiograms and echo findings. Enumeration of echocardiographic find-
ing was dependent on prior clinical readings from other practitioners.

The kappa coefficient statistic is not universally accepted as a per-
fect measurement and its scoring thresholds for reliability grading are
largely arbitrary, though for this analysis it was just used as a general

gauge of inter-reader reliability.

5 | CONCLUSION

The results of this study call attention to and question the value of the
isolated electrocardiographic finding of IRBBB in healthy children. This
frequently used finding is loosely based on multiple nonunified diag-
nostic criteria established over different time periods. Our analysis
showed that multiple experienced observers were inconsistent in their
ECG interpretation of IRBBB, even when directly provided diagnostic
criteria. Equally important, a finding of IRBBB in this population of
patients was found to be associated with no clinically significant new
diagnoses over a ten-year study period, although it did appear to result
in an increased utilization of diagnostic imaging. The diagnostic utility
of isolated IRBBB in ECG of school age children in and of itself is there-
fore limited both by difficulty in its application as well as its lack of
diagnostic specificity, and it should not be considered an indication for

further evaluation.
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