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ABSTRACT 

Introduction: Multipoint pacing (MPP) delivers sequential stimuli from multiple left-ventricular electrodes, potentially 
improving cardiac resynchronization therapy (CRT) response versus conventional biventricular pacing (BiV). We performed an 
updated systematic review and meta-analysis to synthesize contemporary evidence. 
Methods: Following PRISMA 2020 (PROSPERO CRD420261293273), MEDLINE, EMBASE, and CENTRAL were searched to 
January 2026 for comparative studies of MPP versus conventional BiV in adults receiving CRT. Primary outcomes were all-cause 
mortality and heart failure (HF)-related hospitalization. Secondary outcomes included echocardiographic response, NYHA class 
improvement, and absolute change in left-ventricular ejection fraction (LVEF). Random-effects models produced pooled odds 
ratios (OR) or mean differences (MD). 
Results: Eight studies ( n = 2430; 1190 MPP, 1240 BiV), including five randomized and three observational studies, were analyzed. 
All-cause mortality showed no significant difference between groups (OR = 1.46, 95% CI 0.76–2.80; p = 0.25; I2 = 0%). HF-related 
hospitalization was significantly reduced with MPP in the largest trial (5.4% vs. 8.9%; p = 0.015), corresponding to a 39% relative 
risk reduction. MPP was associated with significantly higher echocardiographic response (OR = 0.43, 95% CI 0.29–0.64; p < 0.0001; 
I2 = 0%), greater NYHA class improvement (OR = 0.38, 95% CI 0.20–0.73; p = 0.004; I2 = 3%), and greater absolute LVEF (MD = 

− 4.67, 95% CI − 6.70 to − 2.64; p < 0.00001; I2 = 0%). 
Conclusions: Compared with conventional CRT, MPP was associated with improved functional and echocardiographic outcomes 
and reduced HF hospitalization, without a demonstrated mortality benefit. Larger prospective studies with longer follow-up are 
required to assess long-term prognostic effects. 

Abbreviations: BiV, biventricular pacing; CI, confidence interval; CENTRAL, Cochrane Central Register of Controlled Trials; CRT, cardiac resynchronization therapy; HF, heart failure; LBBB, left 
bundle branch block; LV, left ventricle/left ventricular; LVEF, left ventricular ejection fraction; MD, mean difference; MPP, multipoint pacing; NYHA, New York Heart Association; OR, odds ratio; 
PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses; RCT, randomized controlled trial; RoB 2, Risk of Bias 2 tool; ROBINS-I, Risk of Bias in Non-randomized Studies of 
Interventions; SMD, standardized mean difference. 

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original work is properly 
cited. 
© 2026 The Author(s). Pacing and Clinical Electrophysiology published by Wiley Periodicals LLC. 

Pacing and Clinical Electrophysiology , 2026; 0:1–12 
https://doi.org/10.1111/pace.70259

1 of 12

https://doi.org/10.1111/pace.70259
mailto:ia277@leicester.ac.uk
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1111/pace.70259
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fpace.70259&domain=pdf&date_stamp=2026-04-18


1

C  

b  

p  

m  

H  

c  

t  

h

C  

c  

l  

a  

p  

p  

M  

C  

a  

e  

d  

s  

n  

N  

p  

u  

B

M  

i  

w  

t  

i  

u  

s  

c  

M

2

2

T  

i  

R  

r  

(  

d  

j  

t

2

W  

i  

e  

m  

r  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2

 15408159, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/pace.70259 by N

IC
E

, N
ational Institute for H

ealth and C
are E

xcellence, W
iley O

nline L
ibrary on [20/04/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
rea
 Introduction 

onventional cardiac resynchronization therapy (CRT) relies on
iventricular pacing (BiV) and is an established treatment for
atients with heart failure (HF) and electrical dyssynchrony,
ostly characterized by a left bundle branch block (LBBB) [ 1 ].
owever, 20%–30% of patients fail to demonstrate a meaningful
linical or echocardiographic response following CRT implan-
ation, and these non-responders experience higher rates of HF
ospitalization and mortality compared with responders [ 2, 3 ]. 

RT non-response is associated with multiple well-established
ontributing factors, including suboptimal left ventricular (LV)
ead position, myocardial scar, non-LBBB conduction patterns,
nd programming. Impaired LV activation related to pacing lead
osition can be a modifiable mechanism, particularly in the
resence of myocardial scar or heterogeneous conduction delay.
ultipoint pacing (MPP) represents an evolution of conventional
RT, in which multiple LV pacing stimuli are delivered via
 single quadripolar coronary sinus lead, aiming to improve
lectrical resynchronization by recruiting a broader myocar-
ial activation wavefront [ 4, 5 ]. Early mechanistic and clinical
tudies demonstrated favorable effects of MPP on acute hemody-
amic parameters and short-term indices of dyssynchrony [ 5–7 ].
evertheless, adoption of MPP has been limited by increased
rogramming complexity, reduced device battery longevity, and
ncertainty regarding incremental clinical benefit over standard
iV [ 3, 8 ]. 

ehta et al. 2021 previously conducted a meta-analysis conclud-
ng an evident echocardiographic benefit with MPP; the study
as largely driven by non-randomized studies [ 9 ]. Since then,
hree randomized controlled trials (RCTs) have been published,
ncluding the MORE-CRT trial, the largest study to date eval-
ating the clinical benefit of MPP [ 10 ]. Therefore, an updated
ystematic review and meta-analysis is warranted to synthesize
ontemporary evidence and compare the efficacy and safety of
PP with conventional CRT. 

 Methods 

.1 Study Design and Reporting Standards 

his systematic review and meta-analysis have been performed
n line with the Preferred Reporting Items for Systematic
eviews and Meta-Analyses (PRISMA) 2020 statement [ 11 ]. The
eview protocol was prospectively registered with PROSPERO
CRD420261293273) prior to formal data extraction [ 12 ]. Any
eviations from the registered protocol will be documented and
ustified in the final manuscript. PRISMA checklist is included in
he supplementary material. 

.2 Eligibility Criteria 

e included randomized and non-randomized comparative stud-
es of adult patients ( ≥ 18 years) diagnosed with HF of any
tiology undergoing CRT, in which MPP was delivered using a
ultipolar LV lead as part of a CRT system. Eligible studies were
equired to include a comparator group receiving conventional
of 12
BiV CRT or to report outcomes under baseline CRT settings prior
to activation of MPP. Studies were required to report at least
one clinically relevant endpoint, including all-cause mortality,
HF-related hospitalizations, cardiovascular mortality, device- or
procedure-related adverse events, or quality of life measured
using a validated tool. 

We excluded pediatric studies, single-arm studies without a
comparator group, case reports, case series, conference abstracts,
editorials, and review articles. Studies were also excluded if MPP
could not be clearly distinguished from other CRT programming
strategies, if participants undergoing CRT could not be separated
from other cardiac populations, or if relevant outcome data were
not reported independently. 

2.3 Outcomes 

The primary outcomes assessed were all-cause mortality and HF-
related hospitalizations during follow-up. Secondary outcomes
included cardiovascular mortality, device- or procedure-related
adverse events (including lead-related complications, infection,
and pacing-related complications where reported), and quality
of life, assessed using any validated patient-reported outcome
measure. However, none of the included studies reported suffi-
cient extractable data for cardiovascular mortality, device-related
adverse events, or quality of life outcomes; therefore, these
outcomes could not be synthesized in the present analysis. 

2.4 Literature Search 

Systematic literature searches were performed in MEDLINE
(via PubMed), EMBASE, and the Cochrane Central Register
of Controlled Trials (CENTRAL) from database inception to
January 2026. The full search strategies are presented in the
supplementary material. The reference lists of included studies
and relevant systematic reviews were hand-searched to identify
further eligible articles. 

2.5 Study Selection 

Two independent reviewers (F.M., E.J.) screened titles and
abstracts and assessed the full texts against the inclusion criteria.
Disagreements were resolved by discussion or arbitration with a
third reviewer (A.E.). 

2.6 Data Extraction 

Data extraction was completed independently by two reviewers
using a standardized, pre-piloted Excel extraction form developed
in accordance with Cochrane data collection guidance. Extracted
data included study design, sample size, baseline participant
characteristics, HF etiology and severity, electrocardiographic
parameters (e.g., QRS duration where available), CRT indication,
device, and lead characteristics, MPP programming strategy,
comparator pacing configuration, follow-up duration, and all
prespecified clinical and safety outcomes. 
Pacing and Clinical Electrophysiology, 2026
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.7 Risk of Bias 

ethodological quality and risk of bias were evaluated inde-
endently by two reviewers. RCTs were assessed using the
ochrane Risk of Bias 2 (RoB 2) Tool, which evaluated the
ollowing domains: randomization process, deviations in inter-
ention delivery, missing outcome data, outcome management,
nd selective reporting. Based on these criteria, each RCT was
ategorized as having low, some concerns, or high risk of bias
 13 ]. Non-randomized comparative studies were appraised using
he Risk of Bias in Non-randomized Studies—of Interventions
ROBINS-I) tool, which evaluated the following domains: con-
ounding, participant selection, classification of interventions,
eviations from intended interventions, missing data, outcome
easurement, and selection of the reported result [ 14 ]. Domain-
evel and overall risk of bias were subsequently categorized as
ow, moderate, serious, or critical. Any discrepancies between
eviewers were resolved through discussion, with arbitration by
 third reviewer when necessary. 

.8 Data Synthesis 

here at least two studies reported outcomes that were suffi-
iently comparable, results were combined using meta-analysis
n Review Manager (RevMan) version 5.3. Continuous variables
ere synthesized using either mean differences (MD) or stan-
ardized mean differences (SMD), each presented with 95%
onfidence intervals (CI). For dichotomous endpoints, pooled
stimates were calculated as odds ratios (OR) with 95% CI. A
andom-effects model was selected to account for expected clin-
cal and methodological variability between studies. Statistical
eterogeneity was evaluated using the χ2 test and quantified with
he I2 statistic; thresholds were interpreted as low (0%–25%),
oderate (25%–75%), and substantial (75%–100%). To standardize
eporting, conventional CRT was consistently assigned as the
ontrol group. Therefore, a result favoring MPP is represented by
n OR > 1 for adverse outcomes (e.g., mortality), and an OR <

 or MD < 0 for positive outcomes (e.g., LVEF improvement).
here meta-analysis was not appropriate due to insufficient
ata or heterogeneity in reporting, findings were summarized
escriptively, emphasizing the direction and consistency of effects
cross studies. Planned subgroup analyses included comparisons
ccording to study design (randomized vs. observational studies)
nd differences in study populations. However, the limited
umber of studies contributing to each outcome prevented robust
ubgroup or sensitivity analyses from being performed. 

 Results 

.1 Literature Search Results 

ur search strategy retrieved 303 studies. After thoroughly
creening the retrieved articles, the authors identified eight
tudies that met the eligibility criteria (Figure 1 ) [ 10, 15–21 ]. 

.2 Description of Studies 

ight studies were included in the final analysis, totaling
430 patients. Of these, 1190 patients received MPP and 1240
acing and Clinical Electrophysiology, 2026
received CRT. Table 1 summarizes the baseline characteristics
of the included studies. Five studies were RCTs, and three were
observational studies. All studies evaluated patients with HF
with reduced ejection fraction undergoing CRT implantation,
comparing MPP with conventional BiV. Table 2 summarizes the
baseline participant characteristics across studies. 

4 Primary Outcomes 

4.1 All-Cause Mortality 

No statistically significant difference in all-cause mortality was
observed between the MPP and conventional CRT (OR = 1.46, 95%
CI 0.76–2.80; p = 0.25). Although the point estimate numerically
favored MPP, the confidence interval crossed the line of no effect.
Statistical heterogeneity among the included studies was absent
( I2 = 0%, p = 0.29). This is shown in Figure 2 . 

4.2 HF-Related Hospitalization 

Only one study (Leclercq et al.) reported estimable data for
HF-related hospitalization; therefore, a pooled meta-analysis for
this endpoint was not feasible [ 10 ]. In this study, HF-related
hospitalizations occurred in 5.4% (39/722) of patients in the MPP
group compared with 8.9% (62/699) in the conventional CRT
group, representing a 39% relative risk reduction ( p = 0.0154). 

5 Secondary Outcomes 

5.1 Echocardiographic Endpoints 

MPP was associated with a significantly higher rate of favorable
echocardiographic response compared with conventional CRT
(OR = 0.43, 95% CI 0.29–0.64; p < 0.0001). Statistical heterogene-
ity among the included studies was absent ( I2 = 0%, p = 0.53). This
is shown in Figure 3 . 

5.2 New York Heart Association Class 
Improvement 

A statistically significant difference in New York Heart Asso-
ciation (NYHA) functional class improvement was observed
between the MPP and conventional CRT, with a higher rate of
improvement in the MPP group (OR = 0.38, 95% CI 0.20–0.73; p
= 0.004). Heterogeneity among the included studies was low ( I2 
= 3%, p = 0.36). This is shown in Figure 4 . 

5.3 Absolute Change in Left Ventricular Ejection 

Fraction (LVEF) 

A statistically significant difference in the absolute change in
LVEF between MPP and conventional CRT was observed, with
greater improvement in the MPP group (MD = − 4.67, 95% CI
− 6.70 to − 2.64; p < 0.00001). No statistical heterogeneity was
observed ( I2 = 0%, p = 0.46). This is shown in Figure 5 . 
3 of 12
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FIGURE 1 PRISMA Flowchart. [Color figure can be viewed at wileyonlinelibrary.com] 

FIGURE 2 Forest plot of all-cause mortality comparing conventional CRT and MPP. [Color figure can be viewed at wileyonlinelibrary.com] 
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FIGURE 3 Forest plot of favorable echocardiographic response comparing conventional CRT and MPP. Forleo et al. (2016) counts were derived 
from reported percentages and the number of patients with available follow-up data. [Color figure can be viewed at wileyonlinelibrary.com] 

FIGURE 4 Forest plot of NYHA functional class improvement comparing conventional CRT and MPP. [Color figure can be viewed at 
wileyonlinelibrary.com] 

FIGURE 5 Forest plot of absolute change in LVEF comparing conventional CRT and MPP. Forleo et al. (2016) measures from baseline to 6 months, 
Marques et al. (2021) measures from 6 months post-CRT run-in. [Color figure can be viewed at wileyonlinelibrary.com] 
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FIGURE 6 Risk of bias summary for each individual study using the RoB 2 tool. [Color figure can be viewed at wileyonlinelibrary.com] 

FIGURE 7 Proportion of risk of bias judgements across all included studies using the RoB 2 tool. [Color figure can be viewed at 
wileyonlinelibrary.com] 
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.4 Other Prespecified Secondary Outcomes 

ardiovascular mortality, device-related adverse events, and
uality of life were prespecified secondary outcomes. However,
one of the included studies reported sufficient extractable data
or these outcomes, and therefore quantitative synthesis was not
ossible. 

.5 Risk of Bias Assessment 

isk of bias in RCTs was assessed using the Cochrane RoB 2
ool, shown graphically in Figures 6 and 7 . Observational studies
ere evaluated using the ROBINS-I tool, shown graphically in
igures 7 and 8 [ 13–14 ]. The proportion of risk of bias judgements
cross all included studies using the ROBINS-I tool are shown
raphically in Figure 9 . Five RCTs and three observational studies
ere included. 
of 12
The included RCTs demonstrated high methodological quality.
The risk of bias arising from the randomization process, inter-
vention deviations, and outcome measurement was low across
all trials. Missing outcome data were generally low risk, though
Almusaad et al. and Pappone et al. raised concerns about sample
attrition [ 15, 20 ]. Selective reporting was low risk across all
studies, except for Pappone et al., which raised some concerns
[ 15 ]. Consequently, Niazi et al., Marques et al., and Leclercq et al.
were categorized as having an overall low risk of bias, whilst
Almusaad et al. and Pappone et al. raised some overall concerns
[ 10, 15, 18–20 ]. 

The three observational studies were judged to range from a
moderate to serious overall risk of bias using the ROBINS-I tool.
Notably, no study was assessed as being at a critical risk of bias,
thereby meeting the methodological threshold for inclusion in
the synthesis. Overall, while the evidence base provides valuable
real-world clinical data, it remains fundamentally limited by
Pacing and Clinical Electrophysiology, 2026
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FIGURE 8 Risk of bias summary for each individual study using the ROBINS-I tool. [Color figure can be viewed at wileyonlinelibrary.com] 

FIGURE 9 Proportion of risk of bias judgements across all included studies using the ROBINS-I tool. [Color figure can be viewed at 
wileyonlinelibrary.com] 
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ignificant baseline confounding and notable attrition across two
ohorts. 

 Discussion 

his updated systematic review and meta-analysis of eight stud-
es, including 2430 patients, provides a contemporary evaluation
f MPP compared with BiV in CRT. Three principal findings have
merged. 

irst, MPP was consistently associated with improvements in sur-
ogate measures of CRT response. Compared with conventional
RT, MPP significantly increased the likelihood of echocardio-
raphic response and improvement in the NYHA functional class
nd was associated with a greater absolute increase in LV ejection
raction (MD, 4.67%). These findings, observed across multiple
ncluded trials, indicate that MPP is associated with enhanced
everse remodeling and symptomatic improvement [ 15, 17, 19, 20 ].

econd, MPP was associated with reduced heart-failure-related
ospitalization. This finding was primarily informed by the
ORE-CRT MPP trial, which demonstrated a significant 39% rel-
tive risk reduction in HF-related hospitalizations [ 10 ]. However,
acing and Clinical Electrophysiology, 2026
this trial specifically enrolled patients who had failed to demon-
strate reverse remodeling after conventional CRT, representing a
population of CRT non-responders. Therefore, while this result
suggests a potential morbidity benefit of MPP in selected patients,
it should be interpreted cautiously. The current evidence for this
endpoint is derived from a single study and lacks confirmation
across other trials, limiting the generalizability of this finding to
the broader population of patients receiving CRT. 

Third, no statistically significant reduction in all-cause mortality
was observed. Although the point estimate numerically favored
MPP (OR 1.46; 95% CI 0.76–2.80), the confidence interval was
wide and crossed unity, indicating substantial uncertainty. There-
fore, current evidence does not support a survival advantage of
MPP. 

Our findings refine the conclusions of the most recent
major meta-analysis by Mehta et al., which demonstrated
echocardiographic improvement but insufficient evidence for
clinical outcome benefit [ 9 ]. The inclusion of contemporary
studies, particularly the long-term follow-up from Passafaro
et al. (2024) and the large randomized MORE-CRT MPP
trial, provides additional insight into clinical outcomes
[ 10, 21 ]. 
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mportantly, the MORE-CRT MPP trial randomized patients who
ad failed to demonstrate reverse remodeling after 6 months of
tandard CRT [ 10 ]. In this clinical context, the 39% reduction
n HF events observed in that trial provides a compelling signal
f morbidity benefit for “non-responders.” While our broader
nalysis demonstrated that functional and echocardiographic
mprovements are consistent across study designs, the specific
eduction in hospitalizations remains informed by a single large
ohort. Therefore, the current evidence suggests that MPP is
 highly effective optimization strategy for selected patients,
articularly those with suboptimal response to conventional CRT,
ather than a mandatory universal replacement for conventional
RT. 

he observed pattern of findings, namely, improvements in
everse remodeling and symptomatic status in the absence of a
emonstrable mortality benefit, mirrors the historical trajectory
f evidence underpinning CRT itself. Structural and functional
mprovements typically precede survival divergence, which often
equires larger populations and longer follow-up periods for
etection. Given that most included studies had follow-up dura-
ions of 6–12 months, the absence of a mortality difference likely
eflects insufficient statistical power, short follow-up duration,
nd the low number of observed endpoint events across included
tudies. In the pooled dataset, only 39 total deaths were reported
22 in the CRT group and 17 in the MPP group), which sub-
tantially limits the ability of meta-analysis to detect meaningful
ifferences in survival. 

he clinical findings are biologically plausible; conventional CRT
elies on a single LV pacing site and may not adequately overcome
lectrical dyssynchrony in the presence of conduction delay
eterogeneity or myocardial scar [ 4 ]. MPP delivers sequential
timulation from two electrodes on the same quadripolar lead,
otentially recruiting a larger myocardial volume and shortening
he activation time across the left ventricle [ 5 ]. 

xperimental and hemodynamic studies provide a supportive
ontext. Prior work by Niazi et al. (2017) demonstrated that
aximizing the spatial distance between the LV pacing elec-
rodes ( > 30 mm) correlates with improved clinical response,
uggesting that broader recruitment of the LV myocardium
s a key determinant of CRT efficacy [ 18 ]. Similarly, both
nvasive and non-invasive hemodynamic optimization studies
ave shown improved contractility and stroke volume with
PP compared with single-site pacing [ 21, 22 ]. Therefore, the
agnitude of LVEF improvement observed in our analysis is con-
istent with a true physiological effect rather than measurement
ariability. 

mproved ventricular synchrony reduces filling pressures and
ulmonary congestion, providing a mechanistic explanation for
he observed reduction in HF hospitalizations [ 23 ]. However,
he absence of a mortality effect suggests that MPP primarily
odifies the HF status rather than altering the underlying disease
rajectory. 

pproximately 20%–30% of patients receiving CRT fail to demon-
trate an adequate clinical response [ 2 ]. Our findings suggest that
PP is best conceptualized as an optimization strategy rather
han a default pacing configuration. 
0 of 12
Routine activation of the MPP in all de novo implants is not
supported by current evidence. MPP requires the delivery of 2 LV
pacing impulses per cardiac cycle and is associated with reduced
device longevity; prior analyses estimate a 15%–20% reduction in
battery life [ 8 ]. In the absence of proven survival benefit, earlier
generator replacement and associated procedural risk limit the
justification for universal programming [ 16, 24 ]. 

Instead, evidence supports selective use. Patients with persistent
symptoms, lack of reverse remodeling, or suspected electrical or
scar-related dyssynchrony after CRT implantation represent the
population most likely to benefit from this therapy [ 10 ]. In such
cases, potential reductions in hospitalization and improvement in
functional status may outweigh the cost of battery longevity [ 10,
16 ]. Emerging automated vector-selection algorithms may also
facilitate implementation without complex manual optimization
[ 20 ]. 

7 Limitations 

This study has several limitations. The number of included
studies remains modest, and both randomized and observational
designs were pooled, introducing potential bias and heterogene-
ity. The HF hospitalization outcome was reported by only a
single large trial and therefore lacks confirmation across multiple
independent datasets [ 10 ]. The programming strategies varied
substantially across studies, resulting in inconsistent myocardial
resynchronization. In addition, while one study included a 36-
month follow-up, the majority reported follow-up durations of
only 6 to 12 months. This relatively short observation period limits
the ability to detect meaningful differences in all-cause mortality,
which typically requires longer follow-up in the context of a
chronic progressive condition such as HF. Finally, the small num-
ber of included studies and inconsistent reporting of outcomes
limited the feasibility of subgroup and sensitivity analyses, which
may have provided further insight into differences according to
study design or patient population. 

8 Conclusion 

This updated systematic review and meta-analysis represent the
largest contemporary synthesis of MPP in CRT. Our findings
indicate that MPP is associated with significant improvements in
echocardiographic response and functional status compared with
conventional pacing. While data from a large randomized trial
suggest a potential reduction in HF hospitalizations, this finding
is currently limited to a single study and lacks confirmation
in the broader evidence base. Furthermore, these functional
and morbidity signals have not yet translated into a statistically
significant improvement in all-cause mortality. Consequently,
MPP should be conceptualized as a physiological optimization
tool rather than a proven survival therapy. Routine prophylactic
activation is not currently supported, given the associated reduc-
tion in device longevity; instead, MPP may be most appropriate
for patients with persistent symptoms or a sub-optimal response
to conventional CRT. Future multicenter RCTs with extended
follow-up are essential to determine whether these observed
improvements in reverse remodeling eventually yield a long-term
survival benefit. Research should also focus on standardizing
Pacing and Clinical Electrophysiology, 2026
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rogramming protocols to identify patient phenotypes most likely
o derive prognostic benefit. 

.1 Registration and Protocol 

his systematic review was registered in the PROSPERO Inter-
ational Register of Systematic reviews, registration number:
RD420261293273. The protocol is available from https://www.
rd.york.ac.uk/PROSPERO/view/CRD420261293273 . No amend-
ents were made to the protocol. 

uthor Contributions 

ahad Muhammad : conceptualization, data curation, formal analy-
is, investigation, writing – original draft. Mohammad AlMeer : data
uration, formal analysis, visualization, writing – original draft. Eyad
amileh : investigation (secondary reviewer), validation, writing – orig-
nal draft, writing – review & editing, final approval. Ahmed Elmewafy :
riting – review & editing, final approval. Ibrahim Antoun : supervision,
roject administration, writing – review & editing, final approval. 

thics Statement 

 Statement of Ethics is not applicable because this study is based
xclusively on published literature. 

onflicts of Interest 

he authors have no conflicts of interest to declare. 

ata Availability Statement 

ll data generated or analyzed during this study are included in this
rticle. Further enquiries can be directed to the corresponding author. 

eferences 

1 . M. Glikson, J. C. Nielsen, M. B. Kronborg, et al., “2021 ESC Guidelines
n Cardiac Pacing and Cardiac Resynchronization Therapy,” European
eart Journal 42, no. 35 (2021), https://academic.oup.com/eurheartj/
rticle/42/35/3427/6358547 . 

 . C. Ypenburg, M. J. Schalij, G. B. Bleeker, et al., “Impact of Viability
nd Scar Tissue on Response to Cardiac Resynchronization Therapy in
schaemic Heart Failure Patients,”European Heart Journal 28, no. 1 2006):
3–41, https://doi.org/10.1093/eurheartj/ehl379 . 

 . N. Varma, J. Boehmer, K. Bhargava, et al., “Evaluation, Management,
nd Outcomes of Patients Poorly Responsive to Cardiac Resynchroniza-
ion Device Therapy,” Journal of the American College of Cardiology 74, no.
1 (2019): 2588–2603, https://www.jacc.org/doi/10.1016/j.jacc.2019.09.043 .

 . C. A. Rinaldi, B. H, B. Thibault, et al., “A Review of Multisite Pacing to
chieve Cardiac Resynchronization Therapy,” Europace 17, no. 1 (2014):
–17, https://doi.org/10.1093/europace/euu197 . 

 . B. Thibault, M. Dubuc, P. Khairy, et al., “Acute Haemodynamic
omparison of Multisite and Biventricular Pacing with a Quadripolar Left
entricular Lead,” EP Europace 15, no. 7 (2013): 984–991, https://doi.org/
0.1093/europace/eus435 . 

 . C. Pappone, Ž. Ćalović, G. Vicedomini, et al., “Multipoint Left Ven-
ricular Pacing Improves Acute Hemodynamic Response Assessed With
ressure-Volume Loops in Cardiac Resynchronization Therapy Patients,”
eart Rhythm 11, no. 3 (2014): 394–401, https://doi.org/10.1016/j.hrthm.
013.11.023 . 

 . C. A. Rinaldi, L. C, W. Kranig, et al., “Improvement in Acute
ontractility and Hemodynamics With Multipoint Pacing Via a Left
acing and Clinical Electrophysiology, 2026
Ventricular Quadripolar Pacing Lead,” Journal of Interventional Cardiac
Electrophysiology 40, no. 1 (2014): 75–80, https://doi.org/10.1007/s10840- 
014- 9891- 1 . 

8 . F. Åkerström, I. Narváez, A. Puchol, et al., “Estimation of the Effects
of Multipoint Pacing on Battery Longevity in Routine Clinical Practice,”
Europace 20, no. 7 (2017): 1161–1167, https://doi.org/10.1093/europace/
eux209 . 

9 . V. S. Mehta, M. K. Elliott, B. S. Sidhu, et al., “Multipoint Pacing
for Cardiac Resynchronisation Therapy in Patients With Heart Failure:
A Systematic Review and Meta-analysis,” Journal of Cardiovascular
Electrophysiology 32, no. 9 (2021): 2577–2589, https://doi.org/10.1111/jce.
15199 . 

10 . C. Leclercq, H. Burri, L. Calò, et al., “Multipoint Pacing Is Asso-
ciated With Reduction of Heart Failure Hospitalizations or Death in
Patients Who Do Not Respond to Cardiac Resynchronization Ther-
apy. Results of the MORE-CRT MPP Randomized Trial,” Europace 27,
no. 6 (2025), https://academic.oup.com/europace/advance-article/doi/10.
1093/europace/euaf070/8099378?searchresult=1 . 

11 . M. J. Page, J. E. McKenzie, P. M. Bossuyt, et al., “The PRISMA 2020
Statement: An Updated Guideline for Reporting Systematic Reviews,”
British Medical Journal 372, no. 71 (2021), https://www.bmj.com/content/
372/bmj.n71 . 

12 . F. Muhammad, E. Jamileh, and I. Antoun. Multipoint Pacing Cardiac
Resynchronisation Therapy in Heart Failure: A Systematic Review and
Meta-Analysis. ROSPERO: International Prospective Register of System-
atic Reviews. Registration No.CRD420261293273, https://www.crd.york.
ac.uk/PROSPERO/view/CRD420261293273 . 

13 . J. A. C. Sterne, J. Savović, M. J. Page, et al., “RoB 2: A Revised Tool for
Assessing Risk of Bias in Randomised Trials,” BMJ 366, no. 1 (2019): l4898,
https://www.bmj.com/content/366/bmj.l4898 . 

14 . J. A. Sterne, M. A. Hernán, B. C. Reeves, et al., “ROBINS-I: A Tool for
Assessing Risk of Bias in Non-Randomised Studies of Interventions,”BMJ
355, no. 355 (2016): i4919, https://www.bmj.com/content/355/bmj.i4919 . 

15 . C. Pappone, Ž. Ćalović, G. Vicedomini, et al., “Improving Cardiac
Resynchronization Therapy Response With Multipoint Left Ventricular
Pacing: Twelve-Month Follow-Up Study,” Heart Rhythm 12, no. 6 (2015):
1250–1258, https://doi.org/10.1016/j.hrthm.2016.05.015 . 

16 . F. Zanon, L. Marcantoni, E. Baracca, et al., “Optimization of Left
Ventricular Pacing Site Plus Multipoint Pacing Improves Remodeling and
Clinical Response to Cardiac Resynchronization Therapy at 1 Year,”Heart
Rhythm 13, no. 8 (2016): 1644–1651, https://doi.org/10.1016/j.hrthm.2016.
05.015 . 

17 . G. B. Forleo, L. Santini, M. Giammaria, et al., “Multipoint Pacing
Via a Quadripolar Left-Ventricular Lead: Preliminary Results From
the Italian Registry on Multipoint Left-Ventricular Pacing in Cardiac
Resynchronization Therapy (IRON-MPP),” Europace 19, no. 7 (2016):
euw094, https://doi.org/10.1093/europace/euw094 . 

18 . I. Niazi, J. Baker, R. Corbisiero, et al., “Safety and Efficacy of
Multipoint Pacing in Cardiac Resynchronization Therapy: The MultiPoint
Pacing Trial,” JACC: Clinical Electrophysiology 3, no. 13 (2017): 1510–1518,
https://www.sciencedirect.com/science/article/pii/S2405500X17306084? 
via%3Dihub . 

19 . P. Marques, A. Nunes-Ferreira, P. S. Antonio, et al., “Clinical Impact of
MultiPoint Pacing in Responders to Cardiac Resynchronization Therapy,”
Pacing and Clinical Electrophysiology 44, no. 9 (2021): 1577–1584, https://
doi.org/10.1111/pace.14319 . 

20 . A. Almusaad, R. Sweidan, H. Alanazi, et al., “Long-Term Reverse
Remodeling and Clinical Improvement by MultiPoint Pacing in a Ran-
domized, International, Middle Eastern Heart Failure Study,” Journal of
Interventional Cardiac Electrophysiology 63, no. 2 (2021): 399–407, https://
doi.org/10.1007/s10840-020-00928-2 . 

21 . F. Passafaro, A. Rapacciuolo, A. Ruocco, et al., “C OMPArison of Multi-
Point Pacing and ConvenTional Cardiac Resynchronization Therapy
Through Noninvasive Hemodynamics Measurement: Short- and Long-
11 of 12

tive C
om

m
ons L

icense

https://www.crd.york.ac.uk/PROSPERO/view/CRD420261293273
https://academic.oup.com/eurheartj/article/42/35/3427/6358547
https://doi.org/10.1093/eurheartj/ehl379
https://www.jacc.org/doi/10.1016/j.jacc.2019.09.043
https://doi.org/10.1093/europace/euu197
https://doi.org/10.1093/europace/eus435
https://doi.org/10.1016/j.hrthm.2013.11.023
https://doi.org/10.1007/s10840-014-9891-1
https://doi.org/10.1093/europace/eux209
https://doi.org/10.1111/jce.15199
https://academic.oup.com/europace/advance-article/doi/10.1093/europace/euaf070/8099378?searchresult=1
https://www.bmj.com/content/372/bmj.n71
https://www.crd.york.ac.uk/PROSPERO/view/CRD420261293273
https://www.bmj.com/content/366/bmj.l4898
https://www.bmj.com/content/355/bmj.i4919
https://doi.org/10.1016/j.hrthm.2016.05.015
https://doi.org/10.1016/j.hrthm.2016.05.015
https://doi.org/10.1093/europace/euw094
https://www.sciencedirect.com/science/article/pii/S2405500X17306084?via%3Dihub
https://doi.org/10.1111/pace.14319
https://doi.org/10.1007/s10840-020-00928-2


T  

o  

1

2  

L  

R  

a  

j

2  

f  

o

2  

W  

R  

1

1

 15408159, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/pace.70259 by N

IC
erm Results of the COMPACT-MPP Study,” The American Journal
f Cardiology 215 (2024): 42–49, https://doi.org/10.1016/j.amjcard.2023.
2.057 . 

2 . F. Zanon, E. Baracca, G. Pastore, et al., “Multipoint Pacing by a
eft Ventricular Quadripolar Lead Improves the Acute Hemodynamic
esponse to CRT Compared With Conventional Biventricular Pacing at
ny Site,” Heart Rhythm 12, no. 5 (2015): 975–981, https://doi.org/10.1016/
.hrthm.2015.01.034 . 

3 . W. T. Abraham and D. L. Hayes., “Cardiac Resynchronization Therapy
or Heart Failure,” Circulation 108, no. 21 (2003): 2596–2603, https://doi.
rg/10.1161/01.CIR.0000096580.26969.9A . 

4 . J. E. Poole, M. J. Gleva, T. Mela, et al., “Complication Rates Associated
ith Pacemaker or Implantable Cardioverter-Defibrillator Generator
eplacements and Upgrade Procedures,” Circulation 122, no. 16 (2010):
553–1561, https://doi.org/10.1161/CIRCULATIONAHA.110.976076 . 
2 of 12 Pacing and Clinical Electrophysiology, 2026

E
, N

ational Institute for H
ealth and C

are E
xcellence, W

iley O
nline L

ibrary on [20/04/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1016/j.amjcard.2023.12.057
https://doi.org/10.1016/j.hrthm.2015.01.034
https://doi.org/10.1161/01.CIR.0000096580.26969.9A
https://doi.org/10.1161/CIRCULATIONAHA.110.976076

	Multipoint Pacing Versus Cardiac Resynchronization Therapy in Heart Failure: A Systematic Review and Meta-Analysis
	1 | Introduction
	2 | Methods
	2.1 | Study Design and Reporting Standards
	2.2 | Eligibility Criteria
	2.3 | Outcomes
	2.4 | Literature Search
	2.5 | Study Selection
	2.6 | Data Extraction
	2.7 | Risk of Bias
	2.8 | Data Synthesis

	3 | Results
	3.1 | Literature Search Results
	3.2 | Description of Studies

	4 | Primary Outcomes
	4.1 | All-Cause Mortality
	4.2 | HF-Related Hospitalization

	5 | Secondary Outcomes
	5.1 | Echocardiographic Endpoints
	5.2 | New York Heart Association Class Improvement
	5.3 | Absolute Change in Left Ventricular Ejection Fraction (LVEF)
	5.4 | Other Prespecified Secondary Outcomes
	5.5 | Risk of Bias Assessment

	6 | Discussion
	7 | Limitations
	8 | Conclusion
	8.1 | Registration and Protocol

	Author Contributions
	Ethics Statement
	Conflicts of Interest
	Data Availability Statement
	References


