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Abstract: A subgroup of right bundle branch block (RBBB) patients may exhibit
a significant left ventricular (LV) activation delay. We evaluated echocardiography in a non-
ischemic heart failure patient whose QRS morphology changed from left bundle branch
block (LBBB) to atypical RBBB. The septum to posterior wall motion delay (SPWMD)
measured using the M-mode was 196 ms while the patient presented with LBBB but
decreased to 32 ms after the morphology changed to RBBB. These changes were also
associated with delayed appearance of the septal displacement peak. Speckle tracking long-
itudinal strain was evaluated using three standard apical views after the morphology changed
to RBBB. The LV contraction initially appeared in the basal inferior wall and there was
delayed anterior wall contraction. The LV contraction pattern in our patient changed when
the QRS morphology changed to atypical RBBB. A specific LV contraction sequence
observed in atypical RBBB may reflect a significant LV activation delay between the inferior
and anterior wall.

Keywords: left bundle branch block, right bundle branch block, masquerading bundle

branch block, bilateral bundle branch block, activation delay, longitudinal strain

Introduction

Left ventricular (LV) activation delay in heart failure (HF) patients with right
bundle branch block (RBBB) is usually minor, when compared to that in patients
with left bundle branch block (LBBB). However, a subgroup of RBBB patients
with LBBB morphology in their limb leads have been described as masquerading
BBB or bilateral BBB, and are presumed to have a significant LV activation
delay.' > We present a non-ischemic HF patient whose QRS morphology changed
from LBBB to atypical RBBB. We evaluated his echocardiography before and after
the QRS morphology changed and hypothesized the LV activation process in
atypical RBBB.

Case Report
Patient

The patient was a 72-year-old man suffering from non-ischemic cardiomyopathy with
a reduced LV ejection fraction of 25% to 30%. He suffered from known, pre-existing
LBBB with a QRS duration >150 ms for 8 years. However, the QRS morphology in his
chest leads changed to RBBB with progression of the left axis deviation (LAD) and
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Figure | The patient’s 12-lead electrocardiograms. He had LBBB with a QRS duration >150 ms after 2008. The QRS morphology in his chest leads changed into RBBB in
May 2016 with a progression of left axis deviation and prolongation of the PQ interval.

prolongation of the PQ interval (Figure 1). Six months after =~ he was admitted to our hospital for HF treatment (Figure 2).
the QRS morphology changed, his New York Heart No significant luminal abnormalities were identified during
Association (NYHA) functional class worsened to III, and  coronary artery angiography.
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Figure 2 The clinical course. Hospitalization due to HF in 2008 (63 years). Treatment for non-ischemic cardiomyopathy (ejection fraction: 25-30%) continued after 2008.
Change in QRS morphology from LBBB to atypical RBBB in 2016 (71 years). Hospitalization due to HF deterioration in 2017 (72 years). Death due to HF in 2018 (73 years).
Abbreviations: HF, heart failure; CTR, cardio-thoracic ratio; BNP, serum brain natriuretic peptide.
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Echocardiography

Two-dimensional (2D), pulsed Doppler and tissue Doppler
echocardiography (Arietta system, Hitachi, Tokyo, Japan)
were performed before and after the QRS morphology
changed. Mechanical dyssynchrony was assessed using
the following measurements: 1) LV and right ventricular
(RV) pre-ejection period (PEP) using pulsed Doppler,*
and 2) septum to posterior wall motion delay (SPWMD)
using M-mode.”> After RBBB onset, the LV-PEP did not
change significantly (LBBB 180 ms; RBBB: 190 ms), but
the RV-PEP was prolonged (LBBB 90 ms; RBBB: 205
ms). While the patient exhibited LBBB, the septum con-
tracted earlier than the posterior wall and the SPWMD was
196 ms (Figure 3). After the onset of RBBB, the SPWMD
decreased to 32 ms with late appearance of the septal
displacement peak. Speckle tracking echocardiography
was performed after RBBB onset using a GE Vivid E9
system (GE Vingmed Ultrasound, Horten, Norway). The
LV longitudinal strain (LS) was evaluated using three
standard apical views. Bulls-eye distribution maps of LS
during the systolic period were constructed using off-line
(EchoPac, 113, GE Vingmed
Ultrasound). The LV contraction initially appeared in the

software version
basal inferior wall. The contracting area subsequently
enlarged toward both the septum and lateral regions, and
the anterior wall contracted late (Figure 4).

Standard diastolic filling parameters and mitral regur-
gitation (MR) were evaluated using the Arietta system
(echo evaluations #1 to #3 in Table 1) and GE Vivid E9
system (#4 and #5). The MR severity was estimated by
calculating the ratio of the MR jet area to the left atrium

LV-EF: 27%

BG:31 DR:65
dTHI-P

MG:20 DR:60

(LA) area using the color Doppler. The severity was then
graded as mild (<20%), moderate (20% to 40%), or severe
(>40%).° After RBBB onset (#3), the E wave velocity and
E/A ratio increased, the deceleration time (DT) of E wave
shortened and the E/e’ ratio increased, compared to the
findings when the patient exhibited LBBB (#1 and #2).
The MR severity worsened after RBBB onset. The E wave
velocity, E/A ratio and DT of E wave exhibited slight
improvement during an evaluation on Mar 2017 (#4), but
worsened after a short while (#5).

Clinical Course

Despite optimal medical treatment, which included an
angiotensin-converting enzyme inhibitor, a beta blocker
and diuretics, he was still classified as NYHA functional
class III. Recently, several reports have suggested that
RBBB patients with LBBB morphology in the limb leads
have significant LV activation delays and respond better to
cardiac resynchronization therapy (CRT) than those with
typical RBBB.”® Therefore, we believe that our patient
was a candidate for CRT. However, due to physical limita-
tions in activities of daily living secondary to a prior acci-
dent, the patient refused CRT. Despite the fact that the
patient maintained a sinus rhythm, and that the atrioventri-
cular block did not progress beyond the first degree, he was
hospitalized again within the year due to worsening HF. His
ambulatory symptoms subsequently progressed to NYHA
functional class IV. Echocardiography revealed a dilated LV
chamber and persistent, severe mitral regurgitation (MR).
He ultimately died two years after RBBB onset.

Adult Cardiology01
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0
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BG:11 DR:65 MG:11 DR:60
dTHI-P

Figure 3 (A) M-mode image in the mid-LV short axis view recorded in April 2015 (at the time of LBBB). (B) M-mode image recorded in May 2016 (at the time of atypical
RBBB). Arrows indicate the displacement peak of the anteroseptal (dotted arrow) and posterior (inferolateral) wall (solid arrow).
Abbreviations: LV-EF, left ventricular ejection fraction; SPWMD, septum to posterior wall motion delay.
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Figure 4 Speckle tracking longitudinal strain (LS) evaluations performed in Mar 2017 (at the time of atypical RBBB). (A) Segmental LS curves in three standard apical views.
The yellow arrow indicates the peak of negative strain which appeared within the QRS duration in the basal inferior wall. (B) Bulls-eye maps demonstrating temporal changes
in regional LS distribution during the systolic period (QRS onset to aortic valve closing). Negative strain initially appeared in the basal inferior wall (yellow arrow). The
contracting area enlarged toward both the septum and lateral regions, and the anterior wall contracted late. The dotted line on the electrocardiogram indicates the time

phase of each bulls-eye display.

Discussion

Ventricular Activation in Atypical RBBB

Ventricular conduction disorders with RBBB morphology
in the chest leads and LBBB morphology in the limb leads
(ie, LAD and absent S-wave in leads [-aVL) may be asso-
ciated with significantly delayed LV activation. Evaluations
of ventricular endocardial activation sequences using three-
dimensional electro-anatomical mapping demonstrated that
these atypical RBBB patients have a biventricular activation
delay.”'® In these reports, ventricular activation started in

the inferior wall or lower septum of the LV and propagated
toward the LV anterior or anterolateral wall. Altered ven-
tricular activation sequences in atypical RBBB are believed
to be inevitably accompanied by mechanical dyssynchrony.
During the evaluations of LS using speckle tracking echo-
cardiography, an early systolic LV contraction was observed
in the inferior wall, followed by late contraction in the

anterior wall.”"!!

There are a few reports of LBBB patients whose
QRS morphology changed to atypical RBBB.>>'*'*

Table | Echocardiographic Parameters Before and After the QRS Morphology Changed

Echo Evaluation #l #2 #3 #4 #5
2015 2015 2016 2017 2017
Apr Nov May Mar Jun
QRS morphology LBBB LBBB RBBB RBBB RBBB
LV-EF (%) 27 27 24 25 28
LVIDd (mm) 76 76 75 82 82
LA dimension (mm) 40 42 45 43 42
E wave velocity (cm/s) 37 36 85 55 109
A wave velocity (cm/s) 71 64 51 6l 67
E/A ratio 0.5 0.6 1.7 0.9 1.6
DT of E wave (ms) 250 263 17 200 103
Septal e’ wave (cm/s) 4.7 49 7.3 4.5 4.8
E/e’ ratio 7.9 74 1.6 12.3 226
Mitral regurgitation moderate moderate severe severe severe

Abbreviations: LBBB, left bundle branch block; RBBB, right bundle branch block; LV-EF, left ventricular ejection fraction; LVIDd, left ventricular internal dimension in

diastole; LA, left atrium; DT, deceleration time.
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Tzogias et al evaluated the QRS morphology in
patients who developed transient RBBB during right
Patients with a normal QRS
complex, left anterior fascicular block, or left posterior

heart catheterization.'?

fascicular block at baseline developed a typical RBBB
pattern with an S-wave in leads [-aVL. On the other
hand, patients with LBBB at baseline exhibited LAD
and 7 out of 11 patients developed atypical RBBB with
no S-wave in leads I-aVL. Wu et al performed atrial
pacing in patients who had manifested periods of both
LBBB and RBBB, and recorded a His bundle electro-
gram, as well as a 12-lead electrocardiogram.'® The
H-V interval was prolonged and LAD progressed in
the patients with LBBB
dependent RBBB. The authors presumed that there
was a critical left bundle conduction delay in these
LBBB patients, but that the block was incomplete due
to residual conduction from the left posterior branch.
From these reports, RBBB patients with LAD and an
absent S-wave in leads 1-aVL are thought to have

associated with rate-

a significant LV activation delay comparable to that in
patients with LBBB. A more definitive LAD was
usually observed in conjunction with the change from
LBBB to atypical RBBB.?*'*'* This may indicate that
activation in atypical RBBB propagates from a more
inferior region, when compared to LBBB.

Criteria for Complete LBBB

The electrocardiograms from 2008 to February 2016 in
our patient satisfied the conventional criteria for com-
plete LBBB (Figure 1): QRS duration >120ms; QS or
rS in lead V1; broad R waves in leads I, aVL, V5, or
V6; and absent Q waves in leads V5 and V6.'"> These
criteria are usually used to diagnose LBBB in patients
who may be CRT candidates.'® However, the ST and
T waves were not apposite in leads V4 to V6, and the
presence of mid-QRS notching/slurring was not clearly
present in more than two leads among leads I, aVL,
V1, V2, V5, and V6. Our patient therefore did not
satisfy the stricter criteria for complete LBBB.'”'®
Patients who satisfy the conventional criteria for com-
plete LBBB may exhibit conduction via the residual
left bundle branch.”'?' Atrioventricular conduction
was preserved after RBBB onset, likely indicating con-
duction between the His bundle and LV at the time of
LBBB.

Differences in LV Contraction in LBBB
and Atypical RBBB

The LV contraction pattern changed before and after the
QRS morphology changed (Figure 3 and Supplementary
Videos S1, S2, S3, and S4). As far as we know, this is the
first report to evaluate the change in LV contraction pat-
terns in conjunction with the change from LBBB to aty-
pical RBBB. The septum in our patient contracted earlier
than the posterior wall when the patient exhibited LBBB.
After the change to atypical RBBB, the septum contracted
later, and the SPWMD was reduced. On the other hand,
the LV contraction initially appeared in the basal inferior
wall (Figure 4 and Supplementary Video S5). Pre-ejection

inward movement of the septum in patients with LBBB
was considered to be active contraction due to the septal
activation.? Presumably, at the time of LBBB, our patient
had a significant left-sided conduction block, yet conduc-
tion via the left posterior branch was preserved. The LV
was thought to be activated via signals from right-to-left
transseptal conduction and the left posterior branch. After
RBBB onset, the LV was only activated via the left
posterior branch, which resulted in LV contraction
initiated from the inferior region and the progression
of LAD.

There are concerns of heart block onset in patients with
atypical RBBB.”® These patients usually have severe
underlying heart disease and may develop HF.** HF in
our patient worsened after the QRS morphology changed
to atypical RBBB and it became progressively more diffi-
cult to manage HF pharmaceutically (Figure 2). We
believe that patients with atypical RBBB and symptoms
of HF should be considered for early treatment, such as

CRT, to ensure optimal timing of device implantation.

Conclusions

The LV contraction pattern in a patient with LBBB chan-
ged when the QRS morphology changed to atypical
RBBB. The specific LV contraction sequence observed in
atypical RBBB is thought to reflect a significant LV acti-

vation delay between the inferior and anterior wall.

Consent for Publication

Written informed consent was obtained from the patient’s
family for this case presentation. Our institutional approval
is not required to publish the case details.
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