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Aims Multi-lead pacing is a potential therapy to improve response to cardiac resynchronization therapy (CRT) by provid-
ing rapid activation of the myocardium from multiple sites. Here, we perform a meta-analysis of randomized con-
trolled trials to assess the efficacy of multi-lead pacing.

...................................................................................................................................................................................................
Methods
and results

A literature search was performed which identified 251 unique records. After screening, 6 studies were found to
meet inclusion criteria, with 415 patients included in the meta-analysis. Four studies performed multi-lead pacing
with two left ventricular (LV) leads and one right ventricular (RV) lead. One study used two RV leads and one LV
lead, and one study used both configurations. There was no difference between multi-lead pacing and conventional
CRT in LV end-systolic volume [mean difference (MD) -0.54 mL, P = 0.93] or LV ejection fraction (MD 1.42%,
P = 0.40). There was a borderline significant improvement in Minnesota Living With Heart Failure Questionnaire
score for multi-lead pacing vs. conventional CRT (MD -4.46, P = 0.05), but the difference was not significant when
only patients receiving LV-only multi-lead pacing were included (MD -3.59, P = 0.25). There was also no difference
between groups for 6-min walk test (MD 15.06 m, P = 0.38) or New York Heart Association class at follow-up
[odds ratio (OR) 1.49, P = 0.24]. There was no difference in mortality between groups (OR 1.11, P = 0.77).

...................................................................................................................................................................................................
Conclusion This meta-analysis does not support the use of multi-lead pacing for CRT delivery. However, significant variation

between studies was noted, and therefore a benefit for multi-lead pacing in select patients cannot be excluded, and
further investigation may be warranted.
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Introduction

Cardiac resynchronization therapy (CRT) is a well-established, effect-
ive therapy for patients with dyssynchronous heart failure, however,
30% of patients fail to improve after implantation.1 Non-response to
CRT is likely to be multi-factorial, comprising poor patient selection,
sub-optimal left ventricular (LV) lead placement, ineffective CRT de-
livery, and sub-optimal optimization of device programming. Multi-
site pacing has been proposed as a potential technique to allow
stimulation of a larger volume of myocardium, thus achieving more
rapid electrical activation and resynchronization.2 It may also increase
the chance of stimulating the latest site of activation which may

provide benefit in ischaemic cardiomyopathy by ensuring regions of
scar are bypassed to allow more effective activation of viable myocar-
dium. This can be achieved with multi-point pacing using a quadripo-
lar lead, where LV pacing is performed via stimulation from multiple
electrodes within the same lead. While early studies of multi-point
pacing demonstrated promising improvements in short-term haemo-
dynamic and dyssynchrony outcomes,3–5 a recent meta-analysis of
multi-point pacing found no significant benefit over conventional
CRT when only randomized studies were included.6

Multi-lead pacing is an alternative to multi-point pacing, and theor-
etically allows the recruitment of a larger volume of myocardium, as
greater separation between pacing electrodes can be achieved.7

Graphical Abstract

....................................................................................................................................................................................................

2 M.K. Elliott et al.
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Multi-lead pacing has been performed with different combinations of
right ventricular (RV) and LV leads: either two RV leads and one LV
lead, or one RV lead and two LV leads. Early mechanistic and feasibil-
ity studies showed potential benefits of both strategies of multi-lead
pacing,8–14 and subsequent small randomized controlled trials
(RCTs) demonstrated superior symptomatic and echocardiographic
response with multi-lead CRT compared to conventional biventricu-
lar pacing.15–18 A previous meta-analysis, which included both
randomized and non-randomized studies, demonstrated a greater
improvement in LV ejection fraction and New York Heart
Association (NYHA) class with multi-lead pacing compared to con-
ventional CRT.19 Two large multi-centre RCTs have since been per-
formed: the V3-trial20 and STRIVE-HF,21 which both showed no
benefit for multi-lead pacing. In this study, we performed a meta-
analysis of RCTs to determine if multi-lead pacing provides a benefit
over conventional biventricular CRT.

Methods

Literature search and selection criteria
The systematic review and meta-analysis was performed in accordance
with the PRISMA statement.22 A literature search was performed on
Medline, EMBASE and Cochrane CENTRAL databases up to October
2021 using keywords ‘multi site pacing’, ‘triventricular pacing’, and ‘triple
site pacing’. In addition, references of previously published meta-analyses,
review articles, pre-prints, letters, and editorials were searched. Two
authors (M.K.E. and V.M.) performed both the initial title/abstract screen,
and full text review independently. The major inclusion criteria were
RCTs comparing the efficacy of multi-lead pacing vs. standard biventricu-
lar CRT and follow-up period >_3 months. Observational studies, non-
randomized studies, case reports, review articles, and studies with only
acute haemodynamic outcome data were excluded.

Data extraction
Data from included studies were extracted by two reviewers independ-
ently (M.K.E. and N.W.). Data recorded included trial design, number of
patients, inclusion and exclusion criteria, baseline patient characteristics,
and outcomes of pre-specified efficacy endpoints. The potential for bias
for each eligible study was assessed using version 2 of the Cochrane Risk
of Bias Tool (RoB) by two reviewers independently (M.K.E. and N.W.).
Risk of bias was assessed separately for echocardiographic and symptom-
atic endpoints.23

Meta-analysis
Statistical analyses and creation of forest plots was performed using the
Stata 16 software package (StataCorp. 2019. Stata Statistical Software:
Release 16. College Station, TX, USA: StataCorp LLC) using the ‘meta’
command. Mean difference (MD) with 95% confidence intervals (CIs)
were computed for continuous variables. Outcome data expressed as im-
provement from baseline was used preferentially if available but studies
that reported absolute values at follow-up only (including cross-over
studies) were still included and outcome data were combined using
unstandardized MD with 95% CIs.24 The odds ratio (OR) with 95% CI
were computed for categorical variables. Significant heterogeneity was
anticipated, and so a random effects meta-analysis model was used for all
analyses. Intention-to-treat data were used wherever possible. Sub-group
analysis was performed for the configuration of two LV leads and one RV
lead. Heterogeneity was assessed by the Cochran Q test, where signifi-
cant heterogeneity was defined as P < 0.1, and I2 where heterogeneity

was considered low, moderate, and high for I2 values of <30%, 30–60%
and >60%, respectively.25 A P-value <0.05 for the MD or OR of efficacy
endpoints was considered significant.

Results

251 unique records were identified in the initial search, of which 224
were excluded after initial title/abstract screen. Twenty-seven full
text articles were assessed for eligibility and six were found to meet
inclusion criteria and were included in the quantitative synthesis
(Figure 1). A total of 415 patients were included in the meta-analysis.
Two trials were cross-over RCTs,15,17 and four were parallel
RCTs.16,18,20,21 Four of the studies were multi-centre. Inclusion crite-
ria varied between studies and are summarized in Table 1. Four stud-
ies assessed multi-lead pacing with two LV leads and one RV
lead17,18,20,21 and one trial assessed multi-lead pacing with one LV
lead and two RV leads.16 The study by Rogers et al.15 included both
combinations in different groups: two LV leads and one RV lead
(Group A) and one LV lead and two RV leads (Group B). The study
by Anselme et al.16 reported outcome data for all enrolled patients at
6 months (n = 76), which was included in the meta-analysis. The study
also reported further outcome data for a smaller subset of patients at
12 months (n = 40), which was not included. The full results of the
TRUST-CRT trial as described in the protocol have not been pub-
lished26; however, a sub-study which reported on implantation feasi-
bility, adverse events and lead performance has been published and
contained limited efficacy outcome data (mortality and NYHA class)
and these were included in the meta-analysis.18 Baseline patient char-
acteristics are demonstrated in Table 2. The risk of bias assessment is
demonstrated graphically in Figure 2 and was performed separately
for echocardiographic and symptomatic endpoints.

Echocardiographic endpoints
Five studies reported echocardiographic outcomes (Figure 3). There
was no difference between multi-lead pacing and conventional biven-
tricular CRT in LV end-systolic volume (LVESV) at follow-up when
both multi-lead pacing configurations were included [MD -0.54 mL,
95% CI (-12.60, 11.52), P = 0.93]. Heterogeneity was low between
studies (P = 0.61, I2 = 0.00%). For LV-only multi-lead pacing (two LV
leads and one RV lead), there was also no difference in LVESV [MD
-1.76 mL, 95% CI (-15.63, 12.12), P = 0.80] with low heterogeneity
between studies (P = 0.51, I2 = 0.00%). Similarly, there was no differ-
ence in LV ejection fraction between groups for both pacing configu-
rations [MD 1.42%, 95% CI (-1.9, 4.74), P = 0.40] and for LV-only
multi-lead pacing [MD 1.58%, 95% CI (-3.02, 6.19), P = 0.50]; how-
ever, heterogeneity between studies was high (P = 0.04, I2 = 61.08
and P = 0.02, I2 = 72.27%, respectively).

Symptomatic endpoints
Five studies reported symptomatic outcomes using 6-min walk test
(6MWT), the Minnesota Living with Heart Failure Questionnaire
(MLWHF) and NYHA class (Figure 4). There was no difference in
6MWT performance between multi-lead pacing and conventional
CRT for both lead configurations [MD 15.06 m, 95% CI (-18.22,
48.34), P = 0.38] and for LV-only multi-lead pacing [MD 23.25 m, 95%
CI (-17.74, 64.24), P = 0.27], with a moderate degree of

Multi-lead pacing for CRT in heart failure 3
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..heterogeneity between studies (P = 0.07, I2 = 53.05% and P = 0.11, I2

= 51.74%, respectively). When both multi-lead pacing configurations
were included, there was a lower symptom burden measured via
MLWHF questionnaire for multi-lead pacing compared to conven-
tional CRT and this reached borderline statistical significance [MD
-4.46, 95% CI (-8.91, -0.01), P = 0.05] with low heterogeneity be-
tween studies (P = 0.43, I2 = 0.00%). However, there was no signifi-
cant difference for LV-only multi-lead pacing [MD -3.59, 95% CI
(-9.72, 2.53), P = 0.25], with heterogeneity between studies also low
(P = 0.33, I2 = 18.95%). There was no difference between groups in
the proportion of patients who were NYHA class III or IV at follow-
up for both lead configurations [OR 1.49, 95% CI (0.77, 2.89),

P = 0.24] and for LV-only multi-lead pacing [OR 1.24, 95% CI (0.46,
3.33), P = 0.67], though heterogeneity between studies was moderate
(P = 0.11, I2 = 47.65%) and high (P = 0.06, I2 = 64.39%), respectively.

Mortality
Mortality outcomes were reported for the four parallel RCTs
(Figure 5). There was no difference in mortality between multi-lead
pacing and conventional CRT for both lead configurations [OR 1.11,
95% CI (0.56, 2.20), P = 0.77] and for LV-only multi-lead pacing [OR
1.15, 95% CI (0.55, 2.38), P = 0.71]. Heterogeneity was low between
studies for both analyses (P = 0.92, I2 = 0.00% and P = 0.80, I2 =
0.00%, respectively).

Figure 1 CONSORT flow diagram.

4 M.K. Elliott et al.
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Main findings
We report the largest meta-analysis of RCTs on the use of multi-lead
pacing for CRT to date. We found no significant difference in LV ejec-
tion fraction or end-systolic volumes at follow-up between multi-
lead pacing or conventional biventricular CRT. There was a
borderline-significant improvement in patient-reported symptoms
via the MLWHF questionnaire in the multi-lead pacing group com-
pared to conventional CRT, however there was no difference when
only patients who received LV-only multi-lead pacing were included.
Moreover, only two of the studies (Rogers et al. and Anselme
et al.)15,16 reported blinding of the patients to treatment allocation,
and therefore significant bias in questionnaire scoring secondary to a
placebo effect is possible. There was no difference between multi-
lead pacing and conventional CRT when other assessments of symp-
toms (6MWT and NYHA class) were used. There was also no differ-
ence in mortality at follow-up between groups. These results differ
from the previously published meta-analysis on multi-lead pacing.19

Unlike our analysis, the previous study included observational
studies, which significantly increases the risk of bias, and was per-
formed before the publication of the V3 trial20 and STRIVE-HF,21

which are the largest randomized trials of multi-lead pacing per-
formed to date.

There are significant drawbacks to a multi-lead pacing approach.
Placing an additional lead, particularly within the coronary sinus, can
be technically challenging, and inevitably increases procedural and
fluoroscopy times. Multi-site pacing is associated with higher rates of
battery depletion,27,28 with associated costs and risks of more fre-
quent generator replacement procedures. The use of a Y-connector
is associated with raised pacing thresholds, which can further de-
crease battery longevity.29,30 While a dedicated triventricular CRT
device with an internal Y-connector has been developed (Paradym
TriV CRT-D, MicroPort CRM, Clarmart, France) and may overcome
this issue, its use in the STRIVE-HF trial was still associated with sig-
nificantly lower battery longevity compared to conventional biven-
tricular CRT (5.5± 2.3 vs. 8.6 ± 2.7 years; P < 0.001).21 The
drawbacks of multi-lead pacing must be overcome by significant

....................................................................................................................................................................................................................

Table 1 Characteristics of trials included in the meta-analysis

Study Single or

multi-centre

Design Subjects (n) Inclusion criteria Pacing leads

TRIP-HF (2008) Multi-centre Crossover

RCT

26 • NYHA class III–IV
• Permanent AF requiring cardiac pacing
• LVEF <_35%

2 LV leads and 1 RV lead

Rogers et al.

(2012)

Single centre Crossover

RCT

37 • NYHA class II–IV
• LVEF <_35%
• QRS duration >_150 ms (or <150 ms with

echo evidence of dyssynchrony)

Two groups:
• A: 2 LV leads and 1 RV

lead
• B: 1 LV lead and 2 RV

leads

TRUST CRT

Substudy

(2012)

Single centre Parallel RCT 98 • NYHA class III–IV
• LVEF <_35% and significant mechanical dyssyn-

chrony on echo
• QRS duration >120 ms
• Sinus rhythm

2 LV leads and 1 RV lead

Anselme et al.

(2016)

Multi-centre Parallel RCT 76 • NYHA class II–IV
• LVEF <_35%
• QRS duration >120 ms for NYHA class III-IV

and >150 ms for NYHA class II
• Sinus rhythm

1 LV lead 2 two RV leads

V3 trial (2018) Multi-centre Parallel RCT 83 • Non-responders after 6 months of CRT

(defined as unchanged or worsened CCS)
• NYHA II–III, LVEF <_35% and QRS >120 ms

at time of CRT implant

2 LV leads and 1 RV lead

STRIVE-HF

(2021)

Multi-centre Parallel RCT 95 • NYHA class II–IV
• LVEF <_35%
• LBBB and QRS 120-150 ms

2 LV leads and 1 RV lead

AF, atrial fibrillation; CCS, clinical composite score; CRT, cardiac resynchronization therapy; HF, heart failure; LBBB, left bundle branch block; LV, left ventricular; LVEF, left ven-
tricular ejection fraction; NYHA, New York Heart Association; RCT, randomized controlled trial; RV, right ventricular.

Multi-lead pacing for CRT in heart failure 5
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benefits to supports its clinical use, and these were not demonstrated
in our analysis.

There is evidence from mechanistic and animal model studies that
the benefits of multi-lead pacing may be restricted to patients who
do not achieve an optimal response from conventional CRT with a
single LV lead. In an invasive haemodynamic study of 16 patients, only
acute non-responders had an incremental benefit with multi-lead
pacing over conventional CRT.12 This is supported by animal model
studies of left bundle branch block (LBBB), in which acute haemo-
dynamic improvements with multi-lead pacing were only seen in
cases where the response to single-site LV pacing was subopti-
mal.31,32 This suggests that if an LV lead can be placed in the optimal
position, the benefit of an additional LV lead may be minimal. In the
studies that reported LV lead position, a high proportion of primary
LV leads were placed in a lateral branch of the coronary sinus. In
STRIVE-HF, 89.6% of patients in the conventional CRT group, and
97.8% of patients in the multi-lead pacing group had a primary LV
lead in a lateral vein.21 Similarly, all patients in the study by Rogers
et al.,15 and 97% of patients in the study by Leclercq et al.17 had pri-
mary LV leads placed in a lateral vein. The presence of significant lat-
eral wall scar may also affect response to CRT, and in a previous
mechanistic study of 24 patients, a benefit for multi-point pacing was
only found in a small sub-group of patients with a significant burden
of LV scar.33 None of the included studies reported the presence or
location of myocardial scar. STRIVE-HF was the only study to per-
form a sub-analysis by aetiology of heart failure, however no benefit
for multi-lead pacing was found in patients with ischaemic
aetiology.21

Variability of included studies
The studies included in this meta-analysis were very heterogeneous
in terms of the patient cohort, study design and pacing lead configur-
ation. The inclusion criteria varied markedly between studies. The
TRIP-HF trial only included patients with permanent atrial fibrillation
(AF) who required pacing and had severe LV systolic impairment.16

Patients with AF are known to have an attenuated benefit from
CRT34 and cannot achieve atrioventricular resynchronization which
is known to be an important component of the benefit received from
CRT, particularly in non-LBBB patients.35–37 This cohort would also
include patients without underlying electrical dyssynchrony during in-
trinsic rhythm which is a different cohort to patients with dyssyn-
chronous heart failure who meet the conventional indications for
CRT.38,39 Interestingly, this study demonstrated significant improve-
ments in both symptomatic and echocardiographic endpoints for
multi-lead pacing over conventional CRT. The studies by Anselme
et al.16 and Rogers et al.15 and the TRUST CRT study18 included
patients with more conventional CRT indications, though the latter
two studies included echo dyssynchrony metrics as a requirement
for at least some of the patients, and the former study mandated that
the patients were in sinus rhythm.

The V3 trial20 and STRIVE-HF study21 recruited patients who were
less likely to respond to conventional CRT. The V3 study only
included non-responders to CRT, defined as unchanged or worsened
clinical composite score at 6 months.20 The rationale was that multi-
lead pacing may improve response in these patients, by increasing the
chance of pacing the optimal site within the LV, or by increasing the
volume of stimulated myocardium and reducing LV activation times.
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Figure 2 Cochrane Risk of Bias 2 assessment for echocardiographic (A) and symptomatic (B) endpoints.

Figure 3 Forest plots for echocardiographic endpoints. Effect of multi-lead pacing vs. conventional biventricular (BiV) pacing on left ventricular
end-systolic volume (LVESV) for both multi-lead pacing configurations (A) and for patients with left ventricle (LV)-only multi-lead pacing (B). Effect of
multi-lead pacing vs. biventricular pacing on left ventricular ejection fraction (LVEF) for patients with both multi-lead pacing configurations (C) and for
patients with LV-only multi-lead pacing (D). CI, confidence intervals; mean diff, mean difference; REML, restricted maximum likelihood.
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..However, no clinical benefit for multi-lead pacing was observed over
the control group who continued with a single LV lead. The location
of the existing lead was not reported in the study, nor was the pres-
ence or location of scar. Thus it is difficult to ascertain if the lack of
symptomatic response in this patient cohort was related to sub-
optimal LV pacing. The STRIVE-HF study only included heart failure
patients with LBBB and intermediate QRS prolongation (120–150
ms).21 The rationale for this was that these patients were less likely
than those with LBBB and QRS >150 ms to respond to conventional
CRT, and may benefit from the theoretically faster activation of the
LV during multi-lead pacing.2 However, this study also did not dem-
onstrate any benefit for multi-lead pacing over conventional CRT.

The pacing configuration also varied between groups. As previous
discussed, while the majority of trials performed multi-lead pacing
using two LV leads and one RV lead,17,18,20,21 one study investigated
the effect of two RV leads in combination with one LV lead,16 and
one study included both configurations in separate groups.15 It should
be noted that in the latter study, by Rogers et al.,15 the configuration
of two RV leads and one LV lead was only performed in patients

where the implantation of two lead leads within the coronary sinus
was not possible. These different configurations of multi-lead pacing
are arguably very different in their effect on myocardial activation. As
previously discussed, the implantation of two LV leads in the coron-
ary sinus has the theoretical benefit of increasing the chance of stimu-
lating the latest site of activation as well as stimulating a larger volume
of myocardium. In the studies with two RV leads, one lead was posi-
tioned in the RV apex, while the second was positioned in a high sep-
tal position, and Anselme et al.16 specified this was ‘at or above the
level of the His bundle’. It is therefore possible that the dual-site RV
pacing performed in these studies involved at least non-selective
stimulation of the conduction system, which is a very different physio-
logical effect than that of dual-site pacing within the coronary sinus.
While Anselme et al. did demonstrate some evidence for a beneficial
effect of their multi-lead pacing configuration, with a higher propor-
tion of echocardiographic responders in a subset of patients who had
extended follow-up, there was no benefit observed in the study by
Rodgers et al. for multi-lead pacing in Group B patient (two RV leads
þ one LV lead), with the overall study findings being driven by the

Figure 4 Forest plots for symptomatic endpoints. Effect of multi-lead pacing vs. conventional biventricular (BiV) pacing on 6-minute walk test
(6MWT) for both multi-lead pacing configurations (A) and for patients with left ventricle (LV)-only multi-lead pacing (B). Effect of multi-lead pacing vs.
BiV pacing on Minnesota Living With Heart Failure (MLWHF) questionnaire score for patients with both multi-lead pacing configurations (C) and for
patients with LV-only multi-lead pacing (D). Effect of multi-lead pacing vs. BiV pacing on the proportion of patients in New York Heart Association
(NYHA) Class 3 or 4 at follow-up for patients with both multi-lead pacing configurations (E) and for patients with LV-only multi-lead pacing (F). CI,
confidence intervals; mean diff, mean difference; REML, restricted maximum likelihood.
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benefit observed in Group A (two LV leadsþ one RV lead).15 Given
the difference between the two configurations of multi-lead pacing,
we performed sub-group analyses of all endpoints for patients with
LV-only multi-lead pacing.

Study limitations
The main limitations of the study are related to the variability of the
studies included. While 415 patients were included in the study, the
cohorts of patients in each trial differed. Therefore, it is difficult to
generalize the findings of this meta-analysis to ‘all-comers’ who are
indicated for CRT. Furthermore, while no overall benefit was found
for multi-lead pacing when the studies were combined, it is possible
that the additional of a third ventricular lead may be beneficial in spe-
cific subgroups of patients. For example, patients with permanent AF
who require pacing for bradycardia did appear to benefit from multi-
lead pacing in the TRIP-HF trial.17 In addition, while the STRIVE-HF
study did not demonstrate a significant benefit for multi-lead pacing in
a sub-analysis of patients with ischaemic cardiomyopathy, it may be
under-powered to find a significant benefit in this sub-group.21

However, we were unable to report differential effects of multi-lead
pacing in specific patient sub-groups within the meta-analysis due to
lack of reporting by individual studies. Another limitation is the po-
tential bias in the reporting of endpoint data. Only two studies
reported blinding of the patients to the treatment group, and while
most studies had blinded assessment of echocardiographic endpoints,
only a minority reported blinding of assessors of symptomatic end-
points. There was also variability in how data were reported between
studies. While two trials reported endpoints as improvement from
baseline,20,21 the remainder reported absolute values at follow-up
only. While the latter studies demonstrated no significant differences
in baseline values, it is possible that variability between groups at
baseline had an effect on the reported outcomes at follow-up.

Conclusion

This meta-analysis does not demonstrate significant benefits for multi-
lead pacing over conventional CRT. However, significant heterogen-
eity between studies in terms of inclusion criteria, trial design and
multi-lead pacing configuration were noted, and it remains possible

that multi-lead pacing is beneficial in selective patients. Further
investigation may be warranted in sub-groups of patients undergoing
CRT, such as those with atrial fibrillation or ischaemic
cardiomyopathy.

Data availability
The data underlying this article are available in the article and in its
online supplementary material.
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Figure 5 Forest plots for mortality endpoint. Effect of multi-lead pacing vs. conventional biventricular (BiV) pacing on mortality for both multi-lead
pacing configurations (A) and for patients with left ventricle (LV)-only multi-lead pacing (B). CI, confidence intervals; REML, restricted maximum
likelihood.
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