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Aims

Methods
and results

Conclusion

Several studies have evaluated the use of electrically- or imaging-guided left ventricular (LV) lead placement in cardiac re-
synchronization therapy (CRT) recipients. We aimed to assess evidence for a guided strategy that targets LV lead position
to the site of latest LV activation.

A systematic review and meta-analysis was performed for randomized controlled trials (RCTs) until March 2023 that eval-
uated electrically- or imaging-guided LV lead positioning on clinical and echocardiographic outcomes. The primary endpoint
was a composite of all-cause mortality and heart failure hospitalization, and secondary endpoints were quality of life, 6-min
walk test (6MWT), QRS duration, LV end-systolic volume, and LV ejection fraction. We included eight RCTs that comprised
1323 patients. Six RCTs compared guided strategy (n = 638) to routine (n = 468), and two RCTs compared different guiding
strategies head-to-head: electrically- (n = 111) vs. imaging-guided (n = 106). Compared to routine, a guided strategy did not
significantly reduce the risk of the primary endpoint after 12—-24 (RR 0.83, 95% Cl 0.52—1.33) months. A guided strategy was
associated with slight improvement in 6MWT distance after 6 months of follow-up of absolute 18 (95% Cl 6-30) m between
groups, but not in remaining secondary endpoints. None of the secondary endpoints differed between the guided strategies.

In this study, a CRT implantation strategy that targets the latest LV activation did not improve survival or reduce heart failure
hospitalizations.

* Corresponding author. Tel: +45 4014 2318. E-mail address: daniel.fyenbo@clin.au.dk

T The first two authors contributed equally to the study.
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Graphical Abstract

Targeted left ventricular lead positioning to the site of
latest activation in cardiac resynchronization therapy:

A SYSTEMATIC REVIEW AND META-ANALYSIS

LV LEAD POSITIONING ‘
Imaging-guided or 0
Electrically-guided O

Routine

Cardiac resynchronization therapy ® Targeting left ventricular lead position ® Guided ® Electrically ® Imaging ® Latest

8R(CTs
1,323 patients

Primary endpoint:
All-cause mortality or HF hospitalization

Composite all-cause mortality and HF hospitalization within 24 months
Targeted Routine Risk ratio
Study Yes No Yes No with 95% CI
12 months follow-up
Singh 2020 26 102 12 51 —— 1.07[0.58, 1.97]
Glikson 2022 2 90 8 49 —— 1.40[0.67, 2.94]
<> 1.19[0.74, 1.91]
21 or 24 months follow-up
Saba 2013 23 87 31 46 - 0.52[0.33, 0.82]
Sommer 2016 16 94 16 94 —.— 1.00[0.53, 1.90]
Borgquist 2020 1 .52 5 44 —a—— 0.18[0.02, 1.53]
g 0.63[0.33, 1.17)
Overall - 0.83[0.52, 1.33]

Heterogeneity: ©* = 0.14, I = 54.57%, H? = 2.20
Testof6=0:2=-0.76,p =045

Favors targeting = Favors routine

0.1 05 2 8

Random-effects DerSimonian-Laird model

Secondary endpoints:
QoL, 6MWT, QRS duration, LVESV, and LV EF

CONCLUSION

In patients undergoing CRT, a guided strategy
that targets LV lead position to the latest LV
activation did not prolong survival or reduce
HF hospitalizations.

activation ® Echocardiographic outcomes ® Clinical outcomes

What’s new?

® This was a comprehensive meta-analysis and systematic review with
additional data from included trials comparing targeted (electrically-
or imaging-guided) to routine left ventricular (LV) lead positioning.

e Compared to routine LV lead positioning, a targeted strategy did not
reduce the risk of all-cause mortality or heart failure hospitalization
up to 24 months of follow-up.

® A targeted strategy yielded a numerically small improvement in
walking distance at 6-month follow-up, but did not improve quality
of life, reduce QRS duration, or lead to left ventricular reverse re-
modelling as compared to routine LV lead positioning.

Introduction

Cardiac resynchronization therapy (CRT) is a guideline-recommended
therapy for patients with symptomatic heart failure (HF), left ventricu-
lar (LV) ejection fraction (EF) < 35%, and prolonged QRS duration des-
pite optimal medical treatment.’ Despite its well-established effect on
effect on morbidity and mortality,? only one-third of eligible patients re-
ceive a CRT device,® and up to one-third of those patients derive no

measurable benefit from CRT.* The LV lead position has been identified
as an important determinant of favourable CRT outcome® and obser-
vational data support positioning the LV lead towards the non-apical
posterolateral region.® An LV lead position discordant with the site
of latest activation or within myocardial scar has been associated
with increased long-term mortality.” Therefore, individualized strat-
egies have been proposed to identify and target the optimal LV lead
position i.e. the site of the latest activation free from myocardial scar.
Targeted LV lead positioning can be achieved by imaging modalities
identifying the latest mechanical activation or by electrophysiological
mapping identifying the latest electrical activation. Previous randomized
controlled trials (RCTs) had relatively small sample sizes and reported
diverging results.’®"” Five reviews and meta-analyses'®2? have been
published previously. These are however subject to limitations including
missing data and dissimilar study selection. Therefore, it remains un-
answered if a targeted strategy is superior to routine LV lead position-
ing and if so, whether electrically- or imaging-guided LV lead positioning
is the best strategy.

In this systematic review and meta-analysis, we aimed primarily to as-
sess evidence for a guided strategy for CRT that targets LV lead position
to the site of latest LV activation, and secondarily to assess evidence be-
tween the strategies. We hypothesized that a targeted strategy would
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Targeted left ventricular lead positioning

be superior to routine LV lead positioning in terms of clinical and echo-
cardiographic parameters, and we hypothesized that electro- and
imaging-guided LV lead placement would provide similar improvements.

Methods

Sources

We designed this systematic review and meta-analysis according to
Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines and registered the review protocol with the
International Prospective Register of Systematic Reviews (PROSPERO,
registration number CRD42022355716). The primary endpoint was a com-
posite of all-cause mortality and HF hospitalization. Secondary endpoints
were changes in Minnesota Living with Heart Failure Questionnaire
(MLHFQ) score, 6-min walk test (6MWT) distance, QRS duration, LV end-
systolic volume (ESV), and EF. An online literature search of PubMed and
EMBASE databases was performed from inception through 1 March
2023, using the Medical Subject Heading (MeSH) terms ‘cardiac resynchro-
nization therapy’, ‘guided’, ‘targeted’, ‘positioning’, ‘placement’, and ‘latest
activation’ with no restrictions on publication dates, language, or article
type. The search was performed independently by two authors (D.B.F.
and H.L.B.).

Study selection

Randomized controlled trials comparing targeted LV lead positioning to
routine LV lead positioning, or comparing different targeting strategies,
were eligible if they included patients with LV EF <35%, QRS duration
>120 ms, and New York Heart Association (NYHA) functional classes
[I-IV. Trials were eligible if they reported on the primary or any secondary
endpoints.

The study selection followed an independent screening of titles and ab-
stracts, and a full-text review by two authors (D.B.F. and H.L.B.) using the
online platform Covidence (Melbourne, Australia). Disagreements were re-
solved by consensus or via consultation with a third author (M.H.J.P.F or
J.C.N.) when necessary. Finally, the reference lists of included RCTs were
also reviewed for additional potentially relevant studies.

All pre-defined data of interest from the included RCTs were extracted
by two independent authors (D.B.F. and H.LB.) using the module
Extraction 2.0 (Covidence, Melbourne, Australia). The corresponding
authors of all included trials were contacted to inquire additional data
that were not reported in the original papers to limit missing data and to
enable robust endpoint analysis.

Two authors (D.B.F. and H.L.B.) assessed study quality using the Jadad
quality scale, which evaluates randomization, blinding, and accounting of
all patients.?® A score of 0-2 reflects low quality, a score of 3—4 indicates
moderate quality, and a score of 5 represents a high-quality study.*®

Statistics

Values are reported as mean =+ standard deviation (SD) for continuous vari-
ables and number (%) for categorical variables. If a study did not report
or provide the pairwise change from baseline to follow-up in mean + SD,
we estimated the value using available baseline and follow-up values in ac-
cordance with the Cochrane Handbook for Systematic Reviews of
Interventions.?* Intention-to-treat meta-analyses were conducted for all
outcomes of interests that were reported in at least two RCTs. For each
outcome, we report an overall estimate for trials investigating a targeted
strategy compared to routine positioning. This estimate comprises trials
that investigated imaging-guided strategy compared to routine and trials in-
vestigating electrically-guided strategy compared to routine. Separately, we
report an overall estimate for trials that compared the two guiding strat-
egies head-to-head i.e. electrically- compared to imaging-guided strategy.
Categorical outcomes were pooled and presented as a risk ratio (RR)
with 95% confidence interval (Cl), while continuous outcomes were pooled
and presented as mean difference (MD) with 95% Cl and illustrated in forest
plots. Heterogeneity was assessed using a standard y? test and the I statis-
tic, with significance set at P < 0.05 and I* > 50%, respectively. Recognizing
the diversity of the trials regarding design, intervention, follow-up time, and
outcomes, meta-analyses were performed using a DerSimonian—Laird

random-effects model. Publication bias was estimated by visual inspection
of funnel plots. A two-tailed P < 0.05 was considered statistically significant.
All statistical analyses were performed in Stata (StataCorp, TX, USA).

Results

Study characteristics

The literature search strategy retrieved a total of 457 studies (Figure 1).
Titles and abstracts were reviewed, and 39 articles were subject to full-
text assessment. This yielded a total of eight studies eligible for inclusion
in the meta-analysis. Of these, six RCTs'=41617 contributed additional
data not published previously in the original publications or subsequent
analyses, and two RCTs could not contribute additional data'®'® (see
Supplementary material online, Table S7). The present meta-analysis
comprised a total of 1323 patients. Six RCTs compared a targeted
LV lead placement (n=638 patients) to routine LV lead placement
(n=468 patients),""® and two RCTs compared electrically- (n=
111 patients) with imaging-guided (n=106 patients) LV lead place-
ment.'®"” Study characteristics are summarized in Table 1, and patient
baseline characteristics in Table 2.

All-cause mortality and heart failure

hospitalization

Five studies reported the primary composite endpoint of all-cause mor-
tality and HF hospitalization at an intermediate follow-up time; two
studies after 12 months,'*"> one study after 21 months,'" and two
studies after 24 months.'>"> This yielded a total of 160 events. We
found an estimated reduction of 17% in the primary composite end-
point at 12 to 24 months of follow-up but it did not reach statistical sig-
nificance (RR 0.83, 95% CI 0.52-1.33, Figure 2). The primary composite
endpoint was also reported after 6 months of follow-up, where
no benefit of a targeted strategy was observed compared to routine
positioning (RR 0.92, 95% Cl 0.57-1.48; see Supplementary material
online, Figure $1)."*™ In the two studies comparing electrically-
vs. imaging-guided strategies, there was a difference favouring
imaging-guided strategy within the first 6 months (RR 3.43, 95% ClI
1.16-10.17; see Supplementary material online, Figure S7), while no
data were available beyond this follow-up. No sign of publication bias
was found in any of the analyses (see Supplementary material online,
Figures S2 and S3).

Quality of life, exercise capacity, and QRS

duration

Quality of life assessed by MLHFQ score was available from all studies.
Targeted LV lead positioning provided no additional improvement in
quality of life (absolute MD —1 point, 95% Cl —6 to 4, Figure 3A).
Similar results were found in the two studies comparing electrically-
vs. imaging-guided LV lead implantation (absolute MD 0 points, 95%
Cl =5 to 6, Figure 3A).

Improvement in 6MWT was examined in five studies comparing tar-
geted vs. routine LV lead placement.m’14 There was a small difference
between the two strategies favouring targeted LV lead positioning (ab-
solute MD 18 m, 95% Cl 630, Figure 3B). There was a similar difference
between electrically- vs. imaging-guided LV lead placement (absolute
MD 15 m, 95% Cl —6 to 35, Figure 3B), but this did not reach statistical
significance.

Absolute QRS reduction after 6 months was examined in three stud-
ies comparing targeted vs. routine strategy,”"'*"* and two studies com-
paring electrically- vs. imaging-guided strategy, but none of them
showed a difference between the strategies (absolute MD —1 ms,
95% Cl —6 to 4 and absolute MD 0 ms, 95% Cl —6 to 6, respectively;
see Supplementary material online, Figure S4).
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565 studies identified by
litterature search

108 dublicates removed

A 4

457 total unique studies
screened

418 studies irrelevant

39 studies passed
title/abstract screening

A 4

31 studies excluded

21 were not original articles
8 were not randomized controlled trials
2 were not targeted to latest activation site

8 studies included for
meta-analysis

Figure 1 Literature search and study selection.

No sign of publication bias was found in any of the analyses (see
Supplementary material online, Figures S$5-S7).

Echocardiographic improvement

There were no differences between the targeted strategy and routine
LV lead implantation in terms of absolute increase in LV EF (absolute
MD 1%, 95% Cl —1 to 2, Figure 4A). At 6 months, there was a slightly
larger absolute difference in relative LV ESV reduction favouring a
targeted strategy compared to routine but it did not reach statistical
significance (absolute MD —5 percentage point, 95% Cl —10 to 1,
Figure 4B). Similar results were found between electrically-
vs. imaging-guided strategies for both LV EF and LV ESV (Figures 4A
and B). Both LV EF and LV ESV analyses were without signs of
publication bias (see Supplementary material online, Figures S8 and S9,
respectively).

Remote left ventricular lead placement

Five studies comparing targeted vs. routine LV lead positioning re-
ported on de facto LV lead position and relation to the latest LV acti-
vated area.'®" This analysis showed a reduced risk of remote LV
lead positioning in the patients randomized to targeted LV lead place-
ment (RR 0.60, 95% CI 0.47-0.76, see Supplementary material online,
Figure S10). No publication bias was found (see Supplementary
material online, Figure S17).

Discussion

We found no differences in the primary composite endpoint of all-cause
mortality and HF hospitalization, as well as in the secondary endpoints of
quality of life, QRS reduction, or echocardiographic parameters favouring

targeted as compared to routine LV lead positioning. VWWe observed a
statistically significant but numerically relatively small difference in the im-
provement of walking distance 6 months post-implant in favour of tar-
geted LV lead positioning.

The primary composite endpoint was reported at various time
points in the studies. Only three studies reported on the endpoint with-
in the first 6 months post-implant, yielding a total of eight deaths and
20 HF hospitalization."™"* With this small number of events, the result
favouring an imaging-guided strategy as compared to an electrically-
guided strategy may not necessarily pertain to the overall CRT popula-
tion. In our meta-analysis, five studies comparing targeted and routine
LV lead implantation reported on the primary composite endpoint at
12, 21, or 24 months, comprising an intermediate follow-up time.
Unfortunately, intermediate follow-up data from the studies comparing
the electrically- and imaging-guided strategies head-to-head were not
available. It is debateable whether a potential difference between strat-
egies on hard endpoints would be evident at an intermediate follow-up
time of 12-24 months, or if any benefit would only show on long-term
follow-up. In a recent patient-level combined analysis of “The Speckle
Tracking Assisted Resynchronization Therapy for Electrode Region’
(STARTER) and ‘Cardiac Resynchronization Therapy Guided by
Echocardiography, MRI, and CT Imaging’ (CRT Clinic) with a total of
289 patients followed for a median of 6.3 years, the authors found a re-
duced risk of all-cause death and HF hospitalization among patients with
imaging-guided LV lead implantation,25 mainly driven by a reduced risk
of HF hospitalization. In contrast, the recent long-term follow-up of
‘Multimodality Imaging-guided Left Ventricular Lead Placement in
Cardiac Resynchronization Therapy’ (ImagingCRT) with a median
follow-up of 6.7 years reported no difference in this composite end-
point between the imaging-guided and control group (hazard ratio
1.22, 95% CI 0.83-1.81).2° This divergence between the long-term
follow-up studies may be due to several factors. First, the long-term
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Table 1 Continued

Sample Randomization Inclusion Follow-up Primary Jadad
endpoint

Singlecentre
or multicentre

Country Guidance modality

Study
acronym

Author,

score

criteria

ratio

size

compared

year

Absolute increase in

6 months

NYHA functional class Il

11

ElectroCRT Denmark  Electrically (QLV) vs. Singlecentre 122

Stephansen

LV EF

LVEF<

despite OMT,

imaging (cardiac CT,

SPECT,

etal, 2019V

35%, and prolonged
QRS > 120 ms or

echocardiography)

RV-paced QRS >

180 ms, and age > 40

years

Values are mean + SD and median (interquartile range).

6MWT, 6-min walk test; CMR, cardiac magnetic resonance; CT, computed tomography; EF, ejection fraction; ESV, end-systolic volume; HF, heart failure; IHD, ischaemic heart disease; LBBB, left bundle branch block; LV, left ventricular; NYHA,

New York Heart Association; OMT, optimal medical treatment; RV, right ventricular; SPECT, single photon emission computed tomography.

follow-up of STARTER and CRT Clinic included 187 patients
from STARTER between 2005 and 2011 and 102 patients from
CRT Clinic between 2012 and 2017. The positive effect of a targeted
strategy reported in this long-term follow-up study may partly be ex-
plained by the larger proportion of patients and risk time from the
STARTER population, in which the control group may have been trea-
ted differently from the control groups in more recent studies. Second,
the modalities used for the targeting strategy differed; STARTER used
speckle-tracking echocardiography, while CRT Clinic and ImagingCRT
used multimodality imaging. Third, none of the trials were sufficiently
powered for these long-term outcomes.

Among the additional clinical endpoints, we observed a small but
statistically significant longer 6MWT distance after 6 months of follow-
up in patients having targeted LV lead implantation. It is, however, de-
bateable whether an absolute difference of 18 m reflects a meaningful
clinical difference.

Implantation of a CRT device usually induces QRS narrowing be-
cause of a faster electrical activation of the ventricles. In this
meta-analysis, we did not observe any additional change in QRS dur-
ation when utilizing a targeted compared to routine strategy, or be-
tween the electrically- vs. imaging-guided targeting strategies. Studies
applied dissimilar inclusion criteria regarding QRS morphology: the
early ‘Targeted Left Ventricular Lead Placement to Guide Cardiac
Resynchronization Therapy’ (TARGET) and STARTER trials included
any patient with prolonged QRS duration > 120 ms irrespective of
QRS morphology, while the ‘Targeted Left Ventricular Lead
Implantation Strategy for Non-Left Bundle Branch Block Patients’
(ENHANCE-CRT) study included patients exclusively —with
non-LBBB, and most patients in CRT Clinic, ImagingCRT, and ‘Radial
Strain Imaging-guided Lead Placement for Improving Response to
Cardiac Resynchronization Therapy in Patients with Ischaemic
Cardiomyopathy’ (Raise CRT) trials had LBBB (74%, 86%, and 74%, re-
spectively). Considering the superior effect of CRT in classic LBBB com-
pared to non-LBBB, this heterogeneity may have masked any potential
beneficial effect of targeted positioning in patients with LBBB.2

On echocardiographic parameters, we observed no significant differ-
ence between targeted and routine LV lead implantation, or between
electrically- vs. imaging-guided targeting strategies. The TARGET and
STARTER trials, published in 2012 and 2013 respectively, reported sig-
nificantly improved, or a tendency towards more pronounced LV re-
modelling with a targeted strategy, while the later studies were all
neutral, with mean differences in these parameters close to zero.
The studies were published over an approximate 10-year timespan,
comprising changes in patient selection criteria, medical therapy and
guideline recommendations, implant experience, and evolution in
methodology and technical equipment. This development could have
reduced the risk of remote lead positioning with routine positioning,
thereby diminishing the potential additional effect that can be achieved
by employing a targeted strategy.

Among the studies included, we did find a reduced risk of having the
LV lead implanted in a remote position to the latest mechanically acti-
vated site as compared to a concordant/adjacent position. When in-
specting the Forest Plot (see Supplementary material online,
Figure S10), this effect size seems to gradually abate in more recent
studies, supporting the notion that routine positioning in the control
group improved over time. A reduced risk of all-cause death was found
in patients with concordant/adjacent LV lead position to optimal pacing
sites in both STARTER, TARGET, and CRT Clinic."®"""? This beneficial
effect persisted in the substudy of TARGET with a follow-up of median
39 months, where the authors found that suboptimal LV lead place-
ment independently predicted all-cause mortality (HR 1.8, 95% CI
1.08-3.04).%” Similar results were found in sub-studies from the
STARTER population and CRT Clinic."*?%2°

One of the major determinants of the measurable effect of CRT is LV
lead position in a non-scarred area®® with an electromechanical
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D.B. Fyenbo et al.

Composite all-cause mortality and HF hospitalization within 24 months

Targeted Routine Risk ratio Weight
Study Yes No Yes No with 95% Cl (%)
12 months follow-up \
Singh 2020 26 102 12 51 —F 1.07 [0.58,1.97] 23.72
Glikson 2022 22 90 8 49 + 1.40 [0.67,2.94] 19.95
<*;> 1.19[0.74, 1.91]
[
21 or 24 months follow-up }
Saba 2013 23 87 31 46 - } 0.52[0.33,0.82] 29.03
Sommer 2016 16 94 16 94 —l— 1.00[0.53,1.90] 22.89
Borgquist 2020 1 52 5 44 4—-—;— 0.18[0.02,1.53] 4.41
< 0.63[0.33, 1.17]
|
Overall ’: 0.83[0.52, 1.33]

Heterogeneity: t> = 0.14, 12 =54.57%, H2 = 2.20
Testof 0 =0:Z=-0.76, P =0.45

Random-effects DerSimonian—Laird model

Favors targeting } Favors routine

0.5 2 8

Figure 2 Risk of the primary composite endpoint of all-cause mortality or heart failure hospitalization within 24 months between patients having the
LV lead implanted either by targeting the latest activation site or by routine placement (targeted vs. routine). HF, heart failure.

substrate,®” which also seems related to reduced arrhythmogenicity.>
To target this optimal LV lead position, several guidance techniques
have been investigated, including the strategies included in this
meta-analysis. The imaging-guided strategy is costly and time-
consuming, especially if including multimodality-imaging techniques. In
contrast, the electrically-guided strategy without the need for pre-
procedural imaging may present a more feasible option. However,
we could include only two small studies with no longer than 6 months
of follow-up comparing the two strategies, and these results thus
should be interpreted very cautiously. Both studies used the local LV
electrical delay (QLV) measured by invasive electrophysiological map-
ping to target the site of latest electrical activation. The QLV was pre-
viously shown to be associated with favourable CRT response in the
‘The SmartDelay Determined AV Optimization: A Comparison to
Other AV Delay Methods Used in Cardiac Resynchronization
Therapy’ (SMART-AV) substudy,®* and Varma et dl. recently showed
that non-invasive three-dimensional electrical activation mapping to as-
sess the QLV was a strong predictor for CRT response.>® In the substu-
dy of ImagingCRT however, QLV was not able to discriminate between
CRT responders and non-responders.® Instead, a longer inter-
electrical delay of >100 ms was found to be independently associated
with more pronounced LV reverse remodelling after 6 months of
follow-up,35 and was associated with reduced all-cause death and HF
hospitalization during long-term follow-up.?¢ Other methods to assess
electrical dyssynchrony have been investigated, including the body sur-
face mapping and ECG belts.>*3” The ‘Electrocardiogram Belt
Guidance for Left Ventricular Lead Placement and Biventricular
Pacing Optimization’ (ECG Belt Trial) was a multicentre RCT with
408 patients comparing the ECG Belt System (EBS)-guided LV lead im-
plantation or routine CRT care, showing no added value of targeted po-
sitioning.36 The EBS is a surface mapping system designed to measure
electrical dyssynchrony of the LV, and not to specifically target the lat-
est electrical activated region. Another recent study evaluated the im-
pact of atrioventricular (AV) timing algorithms using non-invasive

epicardial electrocardiographic imaging (ECGi).*® The authors found
that dynamic AV delay programming targeting fusion with intrinsic con-
duction significantly reduced electrical dyssynchrony, as quantified by
ECGi and QRS duration for all evaluated pacing modes.*® In addition,
optimization of CRT is associated with improved clinical and echocar-
diographic outcomes when using intracardiac electrocardiograms,
which are less time-consuming, as compared to echocardiography-
based methods.’

Previous meta-analyses investigating targeted LV lead placement in
CRT recipients have certain limitations.'"® > No previous
meta-analyses included additional data by contacting the correspond-
ing authors of original trials. This unavoidably entails some missing
data, fewer reported endpoints, and fewer studies contributing data
to each endpoint analysis. Hence, our meta-analysis with additional
data from most included RCTs provides an extended and comprehen-
sive perspective. The most recent meta-analysis is not in agreement
with our results,”> which may be due to diverse study selection cri-
teria. We decided only to include fully published RCTs, while the pre-
vious meta-analysis prioritized to also include data from three
abstracts; one with preliminary data from the recently published
Raise CRT study,14 and two unpublished studies. %4 Furthermore,
the ‘A Multicenter Prospective Randomized Controlled Trial of
Cardiac Resynchronization Therapy Guided by Invasive dP/dt”
(RADI-CRT) comparing haemodynamically-guided or routine LV
lead placement based on invasive LV dP/dt measurements was in-
cluded,* as well as a study comparing surface ECG-guided LV lead
placement with routine LV lead placement.*® These five studies re-
ported results favouring a guided strategy as compared to routine
CRT implantation, driving the potential difference between our two
meta-analyses. The different study selection criteria applied by the dif-
ferent meta-analyses provide valuable complementory insights into
the field. Another recent meta-analysis reported solely on echocar-
diographic parameters and NYHA functional class improvement,”’
one investigated exclusively imaging-guided strategy compared to
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Targeted left ventricular lead positioning

A Absolute quality of life improvement (MLHFQ, points) at 6 months
Intervention Control MLHFQ absolute mean difference
Study N Mean SD N Mean SD with 95% CI Weight (%)

Targeted vs routine
Imaging vs routine |

Khan 2012 103 -22 20 104 -16 19 —.—} -6 [-11, -1] 20.82
Saba 2013 74 -18 27 47 -28 23 —— 10[ 1,19] 13.17
Sommer 2016 88 -16 18 91 -14 19 —.}— -2[ -7, 3] 20.58
Borgquist 2020 51 -12 21 43 -15 22 — 3[ -5,12] 14.38
Glikson 2022 116 -16 29 57 -9 16 -8[-16, 0] 15.51

|
—a—
= [ -7, 4]
EP-mapping vs routine }
Singh 2020 128 -18 28 63 -18 23 $ 1[ -7, 9] 15.55
1[ -7, 9]
|
Overall “ -1[ -6, 4]
Heterogeneity: 12 = 19.18, 12 =59.70%, H2 = 2.48

Favors targeting } Favors routine
Testof 6 =0:Z=-0.39, P =0.70

EP-mapping vs imaging 1

Koc¢kova 2018 47 -8 20 41 -7 18 + -1[ -9, 7] 44.59
Stephansen 2019 54 -12 21 59 -13 18 —il— 1[ -6, 8] 55.41
Heterogeneity: 2 = 0.00, 12 = 0.00%, H2 = 1.00 * o[ -5, 6]

Testof 6 =0: Z=0.07, P = 0.95 S . .
Favors EP-mapping ‘ Favors imaging

20 -10 0 10 20

Random-effects DerSimonian—Laird model

B Absolute improvement in 6-minutes walk test distance (m) at 6 months

Intervention Control 6MWT absolute mean difference
Study N Mean SD N Mean SD with 95% ClI Weight (%)
Targeted vs routine }
Khan 2012 103 61 76 104 38 76 ——| 23[ 2, 44] 33.25
Saba 2013 77 74 106 50 69 92 4-}7 5[-31, 41] 11.07
Sommer 2016 75 65 73 8 37 51 —— 28[ 8, 48] 37.25
Borgquist 2020 47 27 88 34 33 98 ] -6 [-47, 35] 8.63
Heterogeneity: t2 = 0.00, 12 = 0.00%, H? = 1.00 2> 18[ 6, 30]

Testof 6 =0:Z=2.97, P =0.00

Favors targeting | Favors routine

|
|
|
Glikson 2022 69 8 94 36 8 97 n -0 [-38, 38] 9.80
|
|
|
|
EP-mapping vs imaging }

Koc¢kova 2018 44 11 86 40 -1 84 — W —+—— 12 [-25, 48] 31.60
Stephansen 2019 54 40 70 59 24 64 —Iil 16 [ -9, 41] 68.40
Heterogeneity: 12 = 0.00, 12 = 0.00%, H? = 1.00 - 15[ -6,35]

Testof 6=0:Z2=1.40,P =0.16 . . .
Favors EP-mapping | Favors imaging
\

|
50 0 -50
Random-effects DerSimonian—Laird model

Figure 3 Clinical improvement after 6 months as assessed by Minnesota Living with Heart Failure Questionnaire (A) and 6-min walk test (B) between
patients having the LV lead implanted either by targeting the latest activation site or by routine placement (targeted vs. routine) or by an electrically- vs.
imaging-guided strategy (EP-mapping vs. imaging).
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A Absolute LV EF improvement (%) at 6 months
Intervention Control LV EF absolute mean difference
Study N Mean SD N Mean SD with 95% ClI Weight (%)
Targeted vs routine
Imaging vs routine |
Khan 2012 103 8 7 104 8 —— } 3[1,5] 21.29
Saba 2013 73 12 11 48 10 —— 3[-1,7] 11.24
Sommer 2016 88 12 9 91 12 8 + 0[-2, 2] 18.23
Borgquist 2020 53 5 8 49 —‘Pl— 2[5, 2] 13.55
Glikson 2022 8 5 7 43 —— 1[-1, 4] 17.21
<+ 1[-0, 3]
EP-mapping vs routine }
Singh 2020 126 4 8 63 5 8 —‘LI— 1[4, 1] 18.49
e -1[-4, 1]
Overall “ 1[-1, 2]
Heterogeneity: 2 = 2.04, 12 = 52.25%, H? = 2.09 Favors targeting } Favors routine
Testof 6=0:Z2=0.97, P =033 |
EP-mapping vs imaging }
Kockova 2018 49 10 9 42 10 9 4*7 -0[-4, 4] 50.59
Stephansen 2019 54 11 10 59 7 11 —— 41 0, §] 49.41
Heterogeneity: 12 = 4.55, 12 = 54.24%, H2 = 2.19 “ 2[-2, 6]
Testof6=0:2=094,P =035 Favors EP-mapping } Favors imaging
10 5 0 5
Random-effects DerSimonian—Laird model
B Absolute difference in relative LV ESV reduction (% points) at 6 months
Intervention Control LV ESV absolute mean difference
Study N Mean SD N Mean SD with 95% Cl Weight (%)
Targeted vs routine }
Khan 2012 103 29 24 104 -17 24 —l— | -12[-19, -6] 22.90
Saba 2013 73 30 29 48 -20 25 —H -10[-20, 0] 15.69
Sommer 2016 88 -34 23 91 -33 23 —— -1[ -8, 6] 22.26
Borgquist 2020 53 21 20 49 -20 24 + -1 -9, 7] 18.50
Glikson 2022 85 -16 21 43 -16 19 —— —0[ -8, 7] 20.64
Heterogeneity: 12 = 22.27, 12 = 59.49%, H2 = 2.47 ’}‘ -5[-10, 1]
Testof§=0:2=-1.76, P =0.08 Favors targeting } Favors routine
EP-mapping vs imaging }
Kockova 2018 38 43 33 31 -40 35 - =3 [-19, 14] 38.49
Stephansen 2019 54 -22 33 59 -25 36 —}I— 3[-10, 16] 61.51
Heterogeneity: 12 = 0.00, 12 = 0.00%, HZ2 = 1.00 —_— = 11 -9, 11]

Testof 6=0:Z2=0.17, P =0.86

Random-effects DerSimonian—Laird model

Favors EP-mapping | Favors imaging
\

20 -10 0 10 20

Figure 4 Echocardiographic changes after 6 months as evaluated by LV EF (A) and LV ESV (B) between patients having the LV lead implanted either by
targeting the latest activation site or by routine placement (targeted vs. routine) or by an electrically- vs. imaging-guided strategy (EP-mapping vs. im-
aging). EF, ejection fraction; ESV, end-systolic volume; LV, left ventricular.
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1

routine positioning?® and two'®'? included non-randomized observa-

tional studies,**~*/ making them subject to risk of selection bias and
residual confounding.

Limitations

This systematic review and meta-analysis is subject to several limitations, in-
cluding the relatively small number of studies eligible for inclusion, particu-
larly those comparing electrically-guided with imaging-guided LV lead
implantation, and the variability of outcome measures and differences in
techniques used to detect latest activated regions. Follow-up was in a clinical
context short or moderate, and number of clinically hard endpoints not
high. Only two of the eight studies included were multicentre studies,
and therefore generalizability of the findings may be questioned. The
CRT Clinic was terminated early due to equivocal results between study
arms, which potentially could introduce bias."* We included published
data and additional data provided by investigators from six of eight included
trials, but we did not use patient-level data as this was not available. Only
intention-to-treat analyses were available. Patient-level analysis of outcomes
stratified for remote vs. concordant lead position, LBBB, and QRS duration
> 150 ms could have provided further insights but these data were not
available. The present meta-analysis highlights the need for larger multicen-
tre studies investigating the role of electrically- and imaging-guided strat-
egies. Currently, two ongoing multicentre trials are comparing cardiac
MRI-guided implantation with routine implantation (Clinical Trials, registra-
tion numbers NCT03992560 and NCT05053568), and an ongoing
multicentre trial is comparing electrically-guided LV lead implantation
with routine implantation (Clinical Trials, registration number NCT0328
0862).* These larger trials will provide us with greater insights into targeted
LV lead implantation and its impact on patient outcomes as compared with
routine CRT implantation. Furthermore, the potential of alternative meth-
ods for delivering CRT, including conduction system pacing and LV endocar-
dial pacing, is being investigated and may form a new era in CRT if they turn
out to be superior to conventional biventricular pacing.50

Conclusion

This comprehensive meta-analysis and systematic review suggests that
a CRT implantation strategy that targets the latest LV activation does
not improve survival or HF hospitalizations.

Supplementary material

Supplementary material is available at Europace online.

Funding

D.BF. is funded by Aarhus University, the Danish Heart Foundation (grant
number R140-A9482-B2407), Health Research Foundation of Central
Denmark Region (grant number R64-A3194-B1667), and Gangstedfonden.

H.LB. is funded by the Danish Cardiovascular Academy (grant number
PhD2021011-HF).

Conflict of interest: M.HJ.P.F. has received consulting fees from
Medtronic outside the submitted work. CS. has attended European
Heart Rhythm Association (EHRA) device-exam preparatory courses
held by Biotronik and Boston Scientific. S.S. has received research support
from Abbott and Boston Scientific and Advisory Board work from
Medtronic and Boston Scientific. ].C.N. received grants from the Novo
Nordisk Foundation outside this work and is executive editor of
Europace. All other authors declare no conflicts of interest.

Data availability

The data underlying this article will be shared on reasonable request to the
corresponding author.

References

1.

N

w

N

w1

o

~N

e

Ned

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Glikson M, Nielsen JC, Kronborg MB, Michowitz Y, Auricchio A, Barbash IM et al. 2021
ESC guidelines on cardiac pacing and cardiac resynchronization therapy. Europace 2022;
24:71-164.

. Cleland JGF, Daubert JC, Erdmann E, Freemantle N, Gras D, Kappenberger L et al. The

effect of cardiac resynchronization on morbidity and mortality in heart failure. N Eng |
Med 2005;352:1539-49.

. Mullens W, Auricchio A, Martens P, Witte K, Cowie MR, Delgado V et al. Optimized

implementation of cardiac resynchronization therapy: a call for action for referral and
optimization of care. Europace 2021;23:1324-42.

. Kronborg MB, Mortensen PT, Kirkfeldt RE, Nielsen |C. Very long term follow-up of car-

diac resynchronization therapy: clinical outcome and predictors of mortality. Eur | Heart
Fail 2008;10:796-801.

. Mullens W, Grimm RA, Verga T, Dresing T, Starling RC, Wilkoff BL et al. Insights from a

cardiac resynchronization optimization clinic as part of a heart failure disease manage-
ment program. | Am Coll Cardiol 2009;53:765-73.

. Saxon LA, Olshansky B, Volosin K, Steinberg JS, Lee BK, Tomassoni G et dl. Influence of

left ventricular lead location on outcomes in the COMPANION study. | Cardiovasc
Electrophysiol 2009;20:764-8.

. Thébault C, Donal E, Meunier C, Gervais R, Gerritse B, Gold MR et dl. Sites of left and

right ventricular lead implantation and response to cardiac resynchronization therapy
observations from the REVERSE trial. Eur Heart | 2012;33:2662-71.

. Singh JP, Klein HU, Huang DT, Reek S, Kuniss M, Quesada A et al. Left ventricular lead

position and clinical outcome in the multicenter automatic defibrillator implantation
trial-cardiac resynchronization therapy (MADIT-CRT) trial. Circulation 2011;123:
1159-66.

. Delgado V, van Bommel RJ, Bertini M, Borleffs CJW, Marsan NA, Arnold CT et dl.

Relative merits of left ventricular dyssynchrony, left ventricular lead position, and myo-
cardial scar to predict long-term survival of ischemic heart failure patients undergoing
cardiac resynchronization therapy. Circulation 2011;123:70-8.

Khan FZ, Virdee MS, Palmer CR, Pugh PJ, O'Halloran D, Elsik M et al. Targeted left ven-
tricular lead placement to guide cardiac resynchronization therapy: the TARGET study:
a randomized, controlled trial. | Am Coll Cardiol 2012;59:1509-18.

Saba S, Marek ], Schwartzman D, Jain S, Adelstein E, White P et al
Echocardiography-guided left ventricular lead placement for cardiac resynchronization
therapy: results of the Speckle Tracking Assisted Resynchronization Therapy for
Electrode Region trial. Circ Heart Fail 2013;6:427-34.

Sommer A, Kronborg MB, Nergaard BL, Poulsen SH, Bouchelouche K, Bottcher M et al.
Multimodality imaging-guided left ventricular lead placement in cardiac resynchroniza-
tion therapy: a randomized controlled trial. Eur | Heart Fail 2016;18:1365-74.
Borgquist R, Carlsson M, Markstad H, Werther-Evaldsson A, Ostenfeld E, Roijer A et al.
Cardiac resynchronization therapy guided by echocardiography, MRI, and CT imaging: a
randomized controlled study. JACC Clin Electrophysiol 2020;6:1300-9.

Glikson M, Beinart R, Golovchiner G, Sheshet AB, Swissa M, Bolous M et al. Radial strain
imaging-guided lead placement for improving response to cardiac resynchronization
therapy in patients with ischaemic cardiomyopathy: the Raise CRT trial. Europace
2022;24:835-44.

Singh JP, Berger RD, Doshi RN, Lioyd M, Moore D, Stone ] et al. Targeted left ventricular
lead implantation strategy for non-left bundle branch block patients: the ENHANCE
CRT study. JACC Clin Electrophysiol 2020;6:1171-81.

Ko¢kova R, Sedlacek K, Wichterle D, Sikula V, Tintéra J, Jansova H et al. Cardiac resyn-
chronization therapy guided by cardiac magnetic resonance imaging: a prospective,
single-centre randomized study (CMR-CRT). Int J Cardiol 2018;270:325-30.
Stephansen C, Sommer A, Kronborg MB, Jensen JM, Norgaard BL, Gerdes C et al.
Electrically vs. imaging-guided left ventricular lead placement in cardiac resynchroniza-
tion therapy: a randomized controlled trial. Europace 2019;21:1369-77.

Hu X, Xu H, Hassea SRA, Qian Z, Wang Y, Zhang X et al. Comparative efficacy of
image-guided techniques in cardiac resynchronization therapy: a meta-analysis. BMC
Cardiovasc Disord 2021;21:255.

Jin'Y, Zhang Q, Mao JL, He B. Image-guided left ventricular lead placement in cardiac
resynchronization therapy for patients with heart failure: a meta-analysis. BMC
Cardiovasc Disord 2015;15:36.

Kheiri B, Przybylowicz R, Simpson TF, Merrill M, Osman M, Dalouk K et al.
Imaging-guided cardiac resynchronization therapy: a meta-analysis of randomized con-
trolled trials. Pacing Clin Electrophysiol 2021;44:1570-6.

Allen LaPointe NM, Ali-Ahmed F, Dalgaard F, Kosinski AS, Schmidler GS, Al-Khatib SM.
Outcomes of cardiac resynchronization therapy with image-guided left ventricular lead
placement at the site of latest mechanical activation: a systematic review and
meta-analysis. | Interv Cardiol 2022;2022:6285894.

Mehta VS, Ayis S, Elliott MK, Widjesuriya N, Kardaman N, Gould ] et al. The role of guid-
ance in delivering cardiac resynchronization therapy: a systematic review and network
meta-analysis. Heart Rhythm 02 2022;3:482-92.

Jadad AR, Moore RA, Carroll D, Jenkinson C, Reynolds DJM, Gavaghan DJ et al.
Assessing the quality of reports of randomized clinical trials: is blinding necessary?
Control Clin Trials 1996;17:1-12.

€20z Jaquiaides 9z uo Jasn AS snyabAg Biogiey ‘Ya101q1g Ysuoipa|\ Aq G08892///9ZPENS/6/SZ/al0e/e0ed0oins /w00 dno-olwapeoe//:sdiy wWoll papeojumod


http://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euad267#supplementary-data

12

D.B. Fyenbo et dl.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Higgins JPT T), Chandler |, Cumpston M, Li T, Page MJ, Welch VA (editors). Cochrane
Handbook for Systematic Reviews of Interventions version 6.3 (updated February 2022).
Cochrane, 2022. www.training.cochrane.org/handbook.

Borgquist R, Barrington WR, Bakos Z, Werther-Evaldsson A, Saba S. Targeting the lat-
est site of left ventricular mechanical activation is associated with improved long-term
outcomes for recipients of cardiac resynchronization therapy. Heart Rhythm 02 2022;3:
377-84.

Fyenbo DB, Sommer A, Nergaard BL, Kronborg MB, Kristensen ], Gerdes C et al.
Long-term outcomes in a randomized controlled trial of multimodality imaging-guided
left ventricular lead placement in cardiac resynchronization therapy. Europace 2022;24:
828-34.

Kydd AC, Khan FZ, Watson WD, Pugh PJ, Virdee MS, Dutka DP. Prognostic benefit of
optimum left ventricular lead position in cardiac resynchronization therapy: follow-up of
the TARGET study cohort (Targeted Left Ventricular Lead Placement to guide Cardiac
Resynchronization Therapy). JACC Heart Fail 2014;2:205-12.

Marek JJ, Saba S, Onishi T, Ryo K, Schwartzman D, Adelstein EC et al. Usefulness of
echocardiographically guided left ventricular lead placement for cardiac resynchroniza-
tion therapy in patients with intermediate QRS width and non-left bundle branch block
morphology. Am J Cardiol 2014;113:107-16.

Adelstein E, Alam MB, Schwartzman D, Jain S, Marek J, Goresan | et al. Effect of
echocardiography-guided left ventricular lead placement for cardiac resynchronization
therapy on mortality and risk of defibrillator therapy for ventricular arrhythmias in heart
failure patients (from the Speckle Tracking Assisted Resynchronization Therapy for
Electrode Region [STARTER] trial). Am | Cardiol 2014;113:1518-22.

Chalil S, Stegemann B, Muhyaldeen SA, Khadjooi K, Foley PW, Smith RE et al. Effect of
posterolateral left ventricular scar on mortality and morbidity following cardiac resyn-
chronization therapy. Pacing Clin Electrophysiol 2007;30:1201-9.

Maffessanti F, Jadczyk T, Wilczek ), Conte G, Caputo ML, Gotba KS et al.
Electromechanical factors associated with favourable outcome in cardiac resynchroni-
zation therapy. Europace 2023;25:546-53.

Costa CM, Neic A, Kerfoot E, Porter B, Sieniewicz B, Gould | et al. Pacing in proximity to
scar during cardiac resynchronization therapy increases local dispersion of repolariza-
tion and susceptibility to ventricular arrhythmogenesis. HeartRrhythm 2019;16:
1475-83.

Gold MR, Birgersdotter-Green U, Singh JP, Ellenbogen KA, Yu Y, Meyer TE et al. The
relationship between ventricular electrical delay and left ventricular remodelling with
cardiac resynchronization therapy. Eur Heart | 2011;32:2516-24.

Parreira L, Tsyganov A, Artyukhina E, Vernooy K, Tondo C, Adragao P et al.
Non-invasive three-dimensional electrical activation mapping to predict cardiac resyn-
chronization therapy response: site of latest left ventricular activation relative to pacing
site. Europace 2023;25:1458-66.

Sommer A, Kronborg MB, Nergaard BL, Stephansen C, Poulsen SH, Kristensen ] et al.
Longer inter-lead electrical delay is associated with response to cardiac resynchroniza-
tion therapy in patients with presumed optimal left ventricular lead position. Europace
2018;20:1630-7.

Rickard J, Jackson K, Gold M, Biffi M, Ziacchi M, Silverstein ] et al. Electrocardiogram belt
guidance for left ventricular lead placement and biventricular pacing optimization. Heart
rhythm 2023;20:537-44.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Sedova KA, van Dam PM, Sbrollini A, Burattini L, Necasova L, Blahova M et al.
Assessment of electrical dyssynchrony in cardiac resynchronization therapy: 12-lead
electrocardiogram vs 96-lead body surface map. Europace 2023;25:554-60.
Waddingham PH, Mangual JO, Orini M, Badie N, Muthumala A, Sporton S et al.
Electrocardiographic imaging demonstrates electrical synchrony improvement by dy-
namic atrioventricular delays in patients with left bundle branch block and preserved
atrioventricular conduction. Europace 2023;25:536—45.

Sami A, Mustafa B, Butt HA, Ashraf Z, Ullah A, Babar F et al. Echocardiography- versus
intracardiac electrocardiogram-based optimization of cardiac resynchronization ther-
apy: a systematic review. Ann Noninvasive Electrocardiol 2023;28:13040.

Cannizzaro MT, Chiodi E, Natali M, Montalto C, Malta B, Ferrante Z et al. Cardiac re-
synchronization in ischemic heart failure patients: a comparison between therapy
guided by cardiac magnetic resonance imaging and 2D-speckle tracking echocardiog-
raphy 2015. https://epos.myesr.org/poster/esr/ecr2015/C-0190

Zou J,Hua W, Su Y, Xu G, Zhen L, Liang Y et al. SPECT-guided LV lead placement for
incremental CRT efficacy: validated by a prospective, randomized, controlled study.
JACC Cardiovasc Imaging 2019;12:2580-3.

Sohal M, Hamid S, Perego G, Della Bella P, Adhya S, Paisey | et al. A multicenter pro-
spective randomized controlled trial of cardiac resynchronization therapy guided by in-
vasive dP/dt. Heart Rhythm 02 2021;2:19-27.

Sipal A, Bozyel S, Aktas M, Dervis E, Akbulut T, Argan O et al. Surface electrogram-
guided left ventricular lead placement improves response to cardiac resynchronization
therapy. Anatol | Cardiol 2018;19:184-91.

Bai R, Di Biase L, Mohanty P, Hesselson AB, De Ruvo E, Gallagher PL et al. Positioning of
left ventricular pacing lead guided by intracardiac echocardiography with vector velocity
imaging during cardiac resynchronization therapy procedure. | Cardiovasc Electrophysiol
2011;22:1034-41.

Bertini M, Mele D, Malagti M, Fiorencis A, Toselli T, Casadei F et al. Cardiac resynchro-
nization therapy guided by multimodality cardiac imaging. Eur | Heart Fail 2016;18:
1375-82.

Mele D, Nardozza M, Malagui M, Leonetti E, Fragale C, Rondinella A et al. Left ventricular
lead position guided by parametric strain echocardiography improves response to car-
diac resynchronization therapy. | Am Soc Echocardiogr 2017;30:1001-11.

Salden OAE, van den Broek HT, van Everdingen WM, Mohamed Hoesein FAA, Velthuis
BK, Doevendans PA et al. Multimodality imaging for real-time image-guided left ven-
tricular lead placement during cardiac resynchronization therapy implantations. Int |
Cardiovasc Imaging 2019;35:1327-37.

Wouters PC, van Lieshout C, van Dijk VF, Delnoy PPHM, Doevendans PAFM, Cramer
MJ et al. Advanced image-supported lead placement in cardiac resynchronisation ther-
apy: protocol for the multicentre, randomised controlled ADVISE trial and early eco-
nomic evaluation. BMJ Open 2021;11:e054115.

Kronborg MB, Frausing MHJP, Svendsen JH, Johansen JB, Riahi S, Haarbo ] et al. Does
targeted positioning of the left ventricular pacing lead towards the latest local electrical
activation in cardiac resynchronization therapy reduce the incidence of death or hospi-
talization for heart failure? Am Heart | 2023;263:112-22.

Simader F, Arnold A, Whinnett Z. Comparison of methods for delivering cardiac resyn-
chronization therapy: electrical treatment targets and mechanisms of action. Expert Rev
Med Devices 2023;20:337-48.

€20z Jaquiaides 9z uo Jasn AS snyabAg Biogiey ‘Ya101q1g Ysuoipa|\ Aq G08892///9ZPENS/6/SZ/al0e/e0ed0oins /w00 dno-olwapeoe//:sdiy wWoll papeojumod


http://www.training.cochrane.org/handbook
https://epos.myesr.org/poster/esr/ecr2015/C-0190

	Targeted left ventricular lead positioning to the site of latest activation in cardiac resynchronization therapy: a systematic review and meta-analysis
	Introduction
	Methods
	Sources
	Study selection
	Statistics

	Results
	Study characteristics
	All-cause mortality and heart failure hospitalization
	Quality of life, exercise capacity, and QRS duration
	Echocardiographic improvement
	Remote left ventricular lead placement

	Discussion
	Limitations

	Conclusion
	Supplementary material
	Funding
	Data availability
	References




