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The relatively uncommon masquerading bu-
ndle branch block (MBBB), a concept initially
introduced in 1958 by UNGER, et al.[1] and co-

lleagues, refers to a conduction abnormality that consis-
ts of the right bundle branch block (RBBB) pattern in the
precordial leads, whereas in the limb leads it resembles
a left bundle branch block (LBBB). This electrocardiog-
raphic pattern signifies an extensive involvement of the
left bundle pathway and left ventricle in comparison to a
typical bifascicular block,[2] and has been associated with
a poorer prognosis, a higher risk of progression to comp-
lete heart block, and increased mortality.[2,3] Diagnosing
ischemia in patients with MBBB may pose a diagnostic
challenge due to the lack of data concerning this specif-
ic population. Moreover, right ventricular pacing (RVP)
in such patients may lead to additional difficulties wh-
en presenting with chest pain. RVP may mask the elect-
rocardiographic identification of ischemia and may pr-
event interpretation of ST-segment changes.[4] We pres-
ent a patient with permanent pacemaker, intermittent
RVP and MBBB pattern on his baseline electrocardiog-
ram (ECG) who presented with acute coronary syndr-
ome (ACS). We aim to shed light on the unique challen-
ges associated with diagnosing and managing ischemia
in these patients, as there is not enough data available on
this topic.

An 86-year-old patient with a medical history of di-
abetes mellitus, hypertension, dyslipidemia, and par-
oxysmal atrial fibrillation sought medical attention at
the Emergency Department. He had no prior history of
coronary artery disease. Several years ago, he underw-
ent permanent pacemaker implantation due to combi-
ned Mobitz type II atrioventricular block episodes and
sinus node dysfunction. Recent echocardiographic stu-
dy revealed good left ventricular contraction. The pat-

ient’s baseline ECG with MBBB is depicted in Figure 1.
The patient presented with a chest pain at rest duri-

ng the last few days, radiating to the left shoulder. Upon
admission, he was slightly symptomatic. Physical exam-
ination and vital signs were unremarkable. The initial
ECG displayed a ventricular paced rhythm with a QRS
morphology typical for RVP with LBBB-like pattern (Fi-
gure 2). Blood tests revealed elevated troponin T levels
(285 ng/L with a normal range < 14 ng/L). Since the pr-
esentation took place in the weekend, he was admitted
to the Cardiac Care Unit (CCU) awaiting planned coro-
nary angiography. Upon admission to the CCU, another
ECG was recorded, interpreted as atrioventricular se-
quential pacing, as seen in Figure 3. The dynamic chan-
ges in the ST-segment in leads V1–V2 were overlooked.
The following day after admission, patient’s pacemak-
er was temporarily adjusted, unveiling the intrinsic rh-
ythm (Figure 4), sinus rhythm with MBBB pattern and
various findings suggestive of underlying ischemia (1-
mm ST-segment elevation in aVR and V1, a 2-mm ST-
segment depression in V4–V6, concordant to QRS axis).
These changes were initially masked by ventricular pa-
cing. Echocardiography demonstrated moderately re-
duced left ventricular function with akinetic apex and
an ejection fraction of 40%. Cardiac biomarkers level
remained markedly elevated, but fairly stable. After 60
h from his initial presentation, the patient underwent
coronary angiography, which revealed a critical lesion
(99% narrowing) in the proximal left anterior descend-
ing (LAD) artery and a non-obstructive lesion in the ra-
mus intermedius artery (Figure 5A). Percutaneous in-
tervention with a drug-eluting stent was performed on
the LAD, resulting in a favorable angiographic outcome
(Figure 5B). Following stabilization and a 48-hour mon-
itoring period, the patient was discharged in a stable
condition.
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RVP induces significant QRS and ST-T changes that
closely resemble those seen in complete LBBB, making
the detection of ischemic changes considerably more ch-
allenging.[5] Originally developed in 1996 to assist clini-
cians to diagnose infarction in the setting of LBBB, Sgar-
bossa criteria were shown in numerous publications to
be applicable to patients with RVP. In 2012, after noting
a limitation with one of the criteria, Smith, et al.[6] publ-
ished the Smith-modified Sgarbossa criteria. Unlike the
original criterion referring to excessively discordant ST-
segment elevation (STE) > 5 mm, Smith, et al.[6] defined
excessively discordant STE relative to the amplitude of
the preceding S-wave. The cut-off for ominous discord-
ance was found to be STE/S-wave ratio ≥ 0.25 and was
superior to the original criterion. Other validated feat-
ures of the modified criteria include concordant STE of
≥ 1 mm in ≥ 1 lead, and ≥ 1 mm of concordant ST-seg-
ment depression in ≥ 1 lead in V1–V3. Retrospective
case-control validation study reported a sensitivity and
specificity of 80% and 99%, respectively, when one of
the above is positive.[7] The PERFECT study has demo-

nstrated that modified Sgarbossa criteria may be appli-
ed to paced patients, presenting with ACS with higher
sensitivity of 86%.[8] Nevertheless, ventricular pacing
may obscure ischemic changes and lead to delays in ur-
gent revascularization, as happened in our case, under-
scoring the utmost importance of assessing the underly-
ing ECG for ischemic changes and comparing it to the
baseline ECG tracing.

The 2017 European Society of Cardiology (ESC) ST-
segment elevation myocardial infarction (STEMI) gui-
delines supported the use of the abovementioned ECG
criteria in patients with myocardial infarction and RVP,
though stated they might be less specific than with LBBB.
In patients with RVP in the setting of suspected ACS,
unless pacemaker-dependent, it is recommended to rep-
rogram the pacemaker in order to enable intrinsic heart
rhythm and evaluation of native ST-segment changes.[4]

For pacemaker-dependent patients with no underlying
rhythm or ambiguous ECG changes, echocardiography
can also aid in diagnosing myocardial infarction by rev-
ealing segmental wall motion abnormalities consistent

 

Figure 1    Baseline electrocardiogram with masquerading bundle branch block pattern.
 

Figure 2    Electrocardiogram of ventricular-paced rhythm with a QRS morphology typical for right ventricular pacing with left bun-
dle branch block-like pattern.
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with the coronary artery distribution territory.
The ECG tracings presented in our case entail the sto-

ry in a chronological order. In Figure 1, patient’s baseli-
ne ECG can be appreciated. The ECG taken during the
initial presentation (Figure 2) shows a typical RVP mo-
rphology at a rate of 54 beats/min. The underlying atri-
al rhythm is probably atrial fibrillation, as no atrial activ-
ity is discernible. In response to the atrial tachyarrhyth-
mia, the pacemaker activated automatic mode switch al-
gorithm which allows protection from high-rate RVP.[9]

Perhaps the relatively high dose of bisoprolol taken reg-
ularly by the patient suppressed the intrinsic ventricul-
ar rhythm, resulting in RVP at the lower rate limit. Next,
in the CCU, another ECG was obtained (Figure 3), dep-
icting atrioventricular sequential pacing. However, the
attending physician disregarded the dynamic changes
in the ST-segment in the right precordial leads. The STE
/S-wave ratio in lead V1 is 0.3, which fulfills the Smith-
modified Sgarbossa criteria.

The most striking tracing, Figure 4 depicts patient’s
intrinsic rhythm after the device was reprogrammed,
with both atrial and ventricular sensing, at a rate of 75
beats/min.

The presence of ischemic changes (STE in V1, aVR
and ST-segment depression in V4–V6) became evident

after temporary pacemaker adjustment, despite the MB-
BB ECG pattern. This provided an opportunity to com-
pare the changes with his baseline tracing, revealing the
magnitude of the electrocardiographic changes. While
no established ischemic criteria exist for patients with
MBBB, the emergence of new ST-segment deviation, co-
ncordant to QRS axis, is very suggestive of ongoing is-
chemia.

Another noteworthy finding is the presence of RBBB
in the setting of ACS. The ECG diagnostic criteria of ST-
EMI are not affected by the presence of RBBB, although
it may confound the diagnosis.[4] Since the blood supply
of the right bundle branch often originates from the sep-
tal perforators of the LAD, a proximal occlusion may re-
sult in a new RBBB. While the interventricular delay is
considered to be reversible with reperfusion therapy, it is
associated with an overall larger infarcts and grave pr-
ognosis in the setting of acute myocardial infarction.[10]

This was also reflected by the ESC STEMI guidelines,
where a class IIa indication was given to perform emer-
gent coronary angiography in patients with persistent
ischemic symptoms and RBBB. Our subject had a pre-
existing QRS morphology resembling RBBB in precor-
dial leads, but as mentioned above, there were new ide-
ntifiable changes comparing with the previously docu-

 

Figure 3    Electrocardiogram of atrioventricular sequential pacing on admission to the Cardiac Care Unit.
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mented pattern. As RBBB results in baseline repolari-
zation abnormalities with ST-segment depression in the
right precordial leads, it is plausible that the magnitude
of STE is somewhat obscured by these pre-existing cha-
nges. Whether the threshold for STE in anterior STEMI
with RBBB should be lowered still remains a subject of
debate and requires established prospective data.

It is important to emphasize that along with the gro-

wing recognition of the dangers of new RBBB in the co-
ntext of myocardial infarction, the “presumably new”
LBBB, that was traditionally thought to be a STEMI eq-
uivalent is no longer considered as such according to the
American Heart Association 2013 update.[11]

According to ESC non-STE ACS guidelines, patients
with the evidence of troponin elevation and chest pain
should undergo revascularization within 24 h. Unfor-
tunately, in our case there was a major delay in coron-
ary angiography, as patient presented in the weekend
and ischemic ECG changes were overlooked. Such de-
lays should be avoided, as “time is muscle”, and early
revascularization may improve outcomes in these pati-
ents.[12]

Diagnosing ischemia in patients with RVP and MBBB
presents challenges due to significant ECG alterations.
Modified Sgarbossa criteria offer promise for detecting
ACS in paced patients, but ventricular pacing may still
obscure ischemic changes and evaluation of underlyi-
ng rhythm is of paramount importance. We found no

 

Figure 4    Electrocardiogram of intrinsic rhythm with sinus rhythm and masquerading bundle branch block pattern.
 

Figure 5    Coronary angiography. Right anterior oblique cranial
view before percutaneous coronary intervention (A) and after pe-
rcutaneous coronary intervention (B).
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reports of patients with baseline MBBB presenting with
ischemic changes. Timely evaluation and intervention
are crucial to improve outcomes for these patients, and
further research is needed to optimize clinical decision-
making in this population. Lastly, new RBBB in patients
with ACS may signify significant ischemia and should
be treated promptly.
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