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a b s t r a c t

Aim: To evaluate whether left bundle branch block with residual conduction (rLBBB) is associated with
worse outcomes after cardiac resynchronisation therapy (CRT).
Methods: All consecutive CRT implants at our institution between 2006 and 2013 were identified from
our local device registry. Pre- and post-implant patient specific data were extracted from clinical records.
Results: A total of 690 CRT implants were identified during the study period. Prior to CRT, 52.2% of
patients had true left bundle branch block (LBBB), 19.1% a pacing-induced LBBB (pLBBB), 11.2% a rLBBB,
0.8% a right bundle branch block (RBBB), and 16.5% had a nonspecific intraventricular conduction delay
(IVCD) electrocardiogram pattern. Mean age at implant was 67.5 years (standard deviation [SD] ¼ 10.6),
mean left ventricular ejection fraction (LV EF) was 25.7% (SD ¼ 7.9%), and mean QRS duration was
158.4 ms (SD ¼ 32 ms). After CRT, QRS duration was significantly reduced in the LBBB (p < 0.001), pLBBB
(p < 0.001), rLBBB (p < 0.001), RBBB (p ¼ 0.04), and IVCD groups (p ¼ 0.03). LV EF significantly improved
in the LBBB (p < 0.001), rLBBB (p ¼ 0.002), and pLBBB (p < 0.001) groups, but the RBBB and IVCD groups
showed no improvement. There was no significant difference in mortality between the LBBB and rLBBB
groups. LV EF post-CRT, chronic kidney disease, hyperkalaemia, hypernatremia, and age at implant were
significant predictors of mortality.
Conclusion: CRT in patients with rLBBB results in improved LV EF and similar mortality rates to CRT
patients with complete LBBB. Predictors of mortality post-CRT include post-CRT LV EF, presence of CKD,
hyperkalaemia, hypernatremia, and older age at implant.
Copyright © 2020, Indian Heart Rhythm Society. Production and hosting by Elsevier B.V. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
What’s new?

� The retrospective study analysed cardiac resynchronisation
therapy (CRT) response in the largest patient population with
left bundle branch block and residual conduction (rLBBB)
described in the literature to date.
iology, German Heart Center

Rhythm Society.

ociety. Production and hosting by
� In contrast to previously reported findings, this study shows
that there is no difference in CRT response or mortality between
patients with rLBBB and those with true LBBB.

� The analysis demonstrated that hypernatremia and hyper-
kalaemia, renal insufficiency, a lack of increase in LV function,
and minimal shortening of QRS duration were associated with
an increased risk of mortality. (see Tables 1e3, Figs. 1e3)
1. Introduction

Cardiac resynchronisation therapy (CRT) is an effective and
established guideline recommended therapy for patients with
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Table 1
Baseline patient characteristics.

Variable LBBB rLBBB IVCD >120 ms p-value (LBBB vs rLBBB p-value (cLBBB vs IVCD

SD SD SD

Age 66.4 10.1 65.8 10.7 71.3 9.1 0.68 <0.01
QRS duration 159.5 24.6 158.1 28.4 155.7 26.9 0.71 0.41
LVEF 25.6 7.6 23.9 7.4 27.5 7.6 0.10 0.166
DM 98 31.3 20 29.9 17 44.7% 0.82 0.08
ICMP 158 50.2% 37 55.2% 25 67.6% 0.45 0.04
Male sex 247 77.9% 56 82.4% 33 84.6% 0.42 0.29
Renal failure 103 32.8% 20 30.3% 15 40.5% 0.69 0.08

Abbreviations: LBBB ¼ complete left bundle branch block; rLBBB ¼ left bundle branch block with residual conduction, IVCD ¼ intraventricular conduction delay,
SD ¼ standard deviation, DM ¼ diabetes mellitus, ICMP ¼ ischaemic cardiomyopathy.

Table 2
Comparison between LBBB and rLBBB and between LBBB and IVCD >120 ms I.

Variable QRS pre-CRT (ms) SD (ms) QRS post- CRT (ms) SD (ms) LVEF pre SD LVEF post SD p value (QRS duration pre vs post) p value (LV-F pre vs post)

LBBB (n ¼ 287) 160 24.8 137.3 22.8 25.6% 8.1% 31.7% 9.7% <0.0 <0.001
rLBBB (n ¼ 65) 158.8 28.8 137.1 22.4 24.1% 8.0% 29.6% 10.5% <0.001 0.001
IVCD > 120 ms 154.2 27.8 142.6 24.5 28.8% 7.6% 29% 6.8% 0.309 0.05

Abbreviations: LBBB¼ complete left bundle branch block; rLBBB¼ left bundle branch block with residual conduction, IVCD¼ intraventricular conduction delay, SD¼ standard
deviation, LVEF ¼ left ventricular ejection fraction.

Table 3
Comparison between LBBB and rLBBB and between LBBB and IVCD >120 ms II.

Variable QRS post-CRT (ms) LV-F post-CRT (ms) P value

LBBB vs rLBBB 137.5 vs 137.1 31.7 vs 29.6 0.27
LBBB vs IVCD > 120 ms 137.5 vs 144.3 31.7 vs 29.1 0.10

Abbreviations: LBBB ¼ complete left bundle branch block; rLBBB ¼ left bundle
branch block with residual conduction, IVCD ¼ intraventricular conduction delay,
SD ¼ standard deviation.

Fig. 1. Kaplan-Meier curve comparing mortality between LBBB and rLBBB.

Fig. 2. Kaplan-Meier curve comparing mortality between LBBB and pLBBB.

Fig. 3. Kaplan-Meier curve comparing mortality between LBBB and IVCD >120 ms.
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symptomatic heart failure and reduced ejection fraction [1e4]. In
addition to the improvement in left ventricular ejection fraction (LV
EF) and the reduction of mortality and hospitalisation rates, studies
have shown significant symptomatic improvement associated with
CRT use [2,5e7]. However, only 70%e80% of the patients are CRT
‘responders’; thus, it is essential to screen patients to ensure a
favourable risk-benefit ratio for implant [6e8]. A subgroup analysis
of the PREDICT trial suggested that a left bundle branch block
(LBBB) morphology with residual conduction (rLBBB) was not
associated with the same benefits of CRT as complete LBBB [7,9].

Electrocardiographically rLBBB is similar to complete LBBB, but
15
with an r wave in V1 (>1 mm) and/or q wave in aVL >1 mm. The
rLBBB pattern does not have complete block of the left bundle
branch, but instead septal depolarisation is present from left to
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right [9e11]. Given that previous study results suggested a worse
response to CRT in patients with rLBBB, these patients may not be
offered CRT. However, this is based on a sub-group analysis; thus,
the data are less robust than other CRT response indicators.

The present study aimed to investigate whether patients with
the electrocardiographic criteria of a rLBBB will benefit less from a
CRT than those with a true LBBB morphology.
2. Methods

We performed a retrospective analysis of all consecutive pa-
tients undergoing CRT at the German Heart Centre Munich be-
tween January 1, 2006 and December 31, 2013. Data including
patient demographics, CRT indication, co-morbidities, and echo-
cardiographic indices as well as electrocardiograms (ECGs) before
and after CRT are collected prospectively at the time of implant and
recorded in our internal device registry. Follow-up data including
serial echocardiograms, ECGs, and mortality data were extracted
from electronic clinical records consisting of regular follow-up
visits, on both outpatient and inpatient bases. Patients who did
not attend follow-up in our outpatient clinic were contacted for a
telephone interview. If the survival data were unclear, the patients
or their attending physicians were contacted.

Electrocardiographic QRS morphologies were quantified both
manually and digitally (1SEMA version: 2.70.1.1, Schiller®, Austria).
If both analogue and digital ECGs were available, the digital mea-
surements were used. The presence of LBBB, RBBB, pLBBB, and
intraventricular conduction delay (IVCD) was defined according to
the published guidelines.8. Patients with LBBBwere subdivided into
those with complete LBBB and those with rLBBB defined as an r
wave in V1 �1 mm (r-V1) and/or a q wave in aVL �1 mm (q-aVL).
Measurements were taken from the beginning of the QRS complex
(earliest deflection) to the end. Furthermore, device programming
as well as pre- and post-procedural echocardiographic scans (1 and
12 months) were analysed and compared.

The study was reviewed and approved by the local ethics board.
2.1. Implantation and programming of devices

Our centre implants a variety of devices from Medtronic, Bio-
tronik, St. Jude Medical/Abott, Sorin ELA/Livanova, and Boston
Scientific.

Target vessels for the left ventricular lead were lateral mid-
ventricular or basal branches of the coronary sinus. Vessels with
phrenic stimulation were only accepted as the final placement in
the absence of alternatives due to anatomical constraints. The leads
were implanted both transvenously as first line, or epicardially if
the transvenous access was contra-indicated or ineffective. The
right atrial lead was preferentially placed in the right atrial
appendage (RAA), whereas the right ventricular lead was placed in
the right ventricular apex (RVA) or inferior septum. Lead position
was confirmed radiologically in several projections (AP, LAO, RAO)
at the time of implant. After the implantation, optimisation of the
AV delay and RV/LV timing by surface ECG was performed [11e13].

Statistical analysis was performed using SPSS Statistics 22
(IBM®). A p value � 0.05 was considered significant.

Data are displayed as mean and standard deviation (SD) where
appropriate. Student’s t-test was used for independent samples, but
the Mann-Whitney U test was used in cases of non-normally
distributed data. The chi-square test was used to assess signifi-
cance in discrete data. Kaplan-Meier’s survival curves were used to
calculate the probability of death at a certain point in timewith log-
rank testing to compare groups.
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3. Results

A total of 690 patients were analysed. The majority (79.3%) were
male and had an ischemic cardiomyopathy as the underlying pa-
thology (55.3%). The patients were divided into the following 6
groups: LBBB (52.2%), rLBBB (11.2%), pLBBB (19.1%), RBBB (0.8%),
IVCD >120ms (6.5%), and IVCD <120ms (10.2%). At the end of 2017,
35.7% (n ¼ 246) were still alive, 39.6% (n ¼ 273) had died, and
survival data were not available in 24.8% (n ¼ 171) of the patients.

There was no difference in the final LV EF (31.7% vs 29.6%;
p ¼ 0.25) and final QRS duration (137.4 vs 137 ms; p ¼ 0.833) after
CRT between the LBBB and rLBBB groups. There was no difference
in mortality between the LBBB and rLBBB groups (8.9 SD, 35 con-
fidence interval (CI) 8.2e9.6 vs 8.5 SD, 67 CI 7.2e9.1; p ¼ 0.72). The
same result was found between patients with LBBB and pLBBB in
terms of mortality (p ¼ 0.48).

The QRS complex duration was shortened (181 ± 32 ms to
142.1 ± 25.8 ms; p < 0.001) and the LV EF improved (27.8% ± 8.1%e
34.2% ± 10.8%, p < 0.001) after CRT in patients with pLBBB. Patients
with IVCD >120 ms showed a significant reduction in QRS duration
(154.2 ± 27.8 ms to 142.6 ± 24.5 ms; p¼ 0.05), but no improvement
in LV EF (28.8% ± 7.6%e29% ± 6.8%; p¼ 0.31). Patients with baseline
LBBB had improved survival compared to those with IVCD >120 ms
(p ¼ 0.02).

4. Discussion

This retrospective study revealed that there is no difference in
the mortality rate between patients with electrocardiographically
confirmed LBBB and rLBBB morphology after CRT. Owing to the
design of our study, the extent to which the patients clinically
benefited from CRT cannot be determined, but both groups showed
a significant increase in LV EF and decrease in QRS duration, which
were previously shown to be predictors of clinical CRT response
[2,14e16]. Furthermore, the patients in our cohort who had an
improvement in their LV EF and/or a reduction in their QRS dura-
tion had decreased mortality risk.

Our datawere consistent with previous literature suggesting the
greater benefit from CRT in patients with LBBB than in those with
RBBB or IVCD >120ms [1,17e20]. In our cohort, these patients had a
higher mortality rate, no improvement in LV EF, and no reduction in
QRS duration. Electrolyte disorders, such as hyperkalaemia
(>5 mmol/l) and hypernatremia (>145 mmol/l) were also associ-
ated with increased mortality; however, this may be related to the
concurrent diagnosis of chronic renal failure.

Our study is retrospective in design and is subject to the usual
limitations of such a design. In particular, in our study, we were not
able to establish the clinical response to CRT therapy. Lead position
was not established in each case; however, it is our policy that no LV
leads are to be positioned apically (which is known to be associated
with poor CRT outcomes); thus, we do not believe that this have
affected the results. Moreover, echocardiographical evaluation was
performed in an un-blinded fashion by various operators, which
may have introduced bias into the results.

Our data represent real-world results of CRT in a sub-group that
is less thoroughly investigated (rLBBB) and provide evidence to
counter the previous sub-group analysis suggesting that rLBBB is
associated with poorer outcomes. We believe that patients with
rLBBB should be offered CRT therapy similar to thosewith complete
LBBB.

5. Conclusion

CRT in patients with rLBBB resulted in improvement in LV EF,
shortened QRS duration, and reducedmortality risk similar to those
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with LBBB. In the rLBBB group (as in others), CKD, older age at
implant, failure to improve LV FE, and failure to narrowQRSwere all
predictors of mortality.
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