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Methods
and results

Conclusion

To assess the impact of MultiPoint™ Pacing (MPP) in cardiac resynchronization therapy (CRT) non-responders after 6
months of standard biventricular pacing (BiVP).

The trial enrolled 5850 patients who planned to receive a CRT device. The echocardiography core laboratory assessed CRT
response before implant and after 6 months of BiVP; non-response to BiVP was defined as <15% relative reduction in left
ventricular end-systolic volume (LVESV). Echocardiographic non-responders were randomized in a 1:1 ratio to receive MPP
(541 patients) or continued BiVP (570 patients) for an additional 6 months and evaluated the conversion rate to the echo-
cardiographic response. The characteristics of both groups at randomization were comparable. The percentage of non-responder
patients who became responders to CRT therapy was 29.4% in the MPP arm and 30.4% in the BIVP arm (P = 0.743). In patients
with >30 mm spacing between the two left ventricular pacing sites (MPP-AS), identified during the first phase as a
potential beneficial subgroup, no significant difference in the conversion rate was observed.

Our trial shows that ~30% of patients, who do not respond to CRT in the first 6 months, experience significant reverse
remodelling in the following 6 months. This finding suggests that CRT benefit may be delayed or slowly incremental in a
relevant proportion of patients and that the percentage of CRT responders may be higher than what has been described
in short-/middle-term studies. MultiPoint™ Pacing does not improve CRT response in non-responders to BiVP, even with
MPP-AS.
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Graphical Abstract
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Primary results from the MORE-CRT MPP trial

What’s New?

® |n echocardiographic non-responders after 6 months of biventricu-
lar pacing (BiVP), MultiPoint™ Pacing (MPP) providing two pacing
pulses in the left ventricle (LV) with a large anatomical separation
through a quadripolar lead did not improve the LV end-systolic vol-
ume as compared to BiVP during the next 6 monthes. It is not recom-
mended to use MPP systematically in patients who do not respond
to cardiac resynchronization therapy (CRT). However, it has been
observed that MPP could be beneficial for CRT non-responders
who have a considerable amount of ventricular pacing (>98%).

® In patients receiving CRT with BiVP, the response to BiVP may be
delayed over 6 months, 30% of patients who were not responders
at 6 months became responders during the following 6 months.

Introduction

Cardiac resynchronization therapy (CRT) is an established heart failure
therapy; however, up to 30—40% of conventional CRT patients do not
respond.”™ Failure to respond to CRT has been attributed, in part, to
suboptimal left ventricular (LV) lead placement and device program-
ming.">~ CRT response may improve when the LV pacing site is se-
lected based on delayed electrical activation, acute haemodynamic
response, scar burden/location, and electrical or mechanical map-
ping.s’10 Nevertheless, approaching the target vein(s) has been limited,
mainly due to unfavourable coronary venous anatomy, phrenic nerve
stimulation, high capture thresholds, or pacing lead instability. Pacing
multiple LV sites using a single quadripolar lead in a vein of the coronary
sinus has been achieved using a CRT system enabled with MultiPoint™"
Pacing (MPP). Studies have shown that MPP improves contractility,
haemodynamics, and dyssynchrony,”"™'® as well as longer-term im-
provements in LV reverse remodelling and clinical response compared
with biventricular pacing (BiVP).""'*2% However, the impact of MPP on
conventional CRT non-responders is not well defined. The More
Response on Cardiac Resynchronization Therapy with MultiPoint
Pacing (MORE-CRT MPP) trial was designed to assess MPP in the treat-
ment of non-responders to 6 months of standard BiVP, based on LV
reverse remodelling. More Response on Cardiac Resynchronization
Therapy with MultiPoint Pacing constituted a two-part trial, with phase
I serving as a direct extension of phase |, aimed at assessing the poten-
tial advantage of MPP with a large (=30 mm) anatomic separation
(MPP-AS) over BiVP in CRT non-responders based on the observations
made during the initial phase of the trial.*’

Methods

Study design and progress

The MORE-CRT MPP trial was a prospective, randomized, multi-centre
study designed to assess the impact of MPP on treating echocardiographic
non-responders to 6 months of standard BiVP.?* MultiPoint™ Pacing was
evaluated in two phases; phase | allowed physicians to program MPP ac-
cording to their discretion (467 evaluable non-responder subjects from
1921 enrolments), while in phase I, the protocol required to programme
MPP-AS between any of the LV pacing electrodes as long as capture thresh-
old did not exceed 4.5 V at 0.5 ms pulse width in CRT-D devices and 0.4 ms
pulse width in CRT-P devices (644 evaluable non-responder subjects from
3929 enrolments). This setting was associated with a trend in improved re-
sponse to CRT in phase 122 The study was approved by the institutional
ethics committees.

The present report includes patients from both phases. The study spon-
sor performed data monitoring and performed data analyses in partnership
with the steering committee. The steering committee had final authority on
data interpretation, presentation, and writing of the manuscript.

The sponsor prematurely closed the MORE-CRT MPP trial in 2020 in
consultation with the study steering committee and an independent review
committee because a pre-specified interim analysis showed a low probabil-
ity of the study meeting the primary endpoint. There were no safety con-
cerns with activating MPP. Following the closure decision, sites followed
all randomized subjects to collect the 12-month data as outlined in the
protocol. In addition, sites withdrew patients who were enrolled but not
yet randomized in the study.

The data underlying this article cannot be shared publicly due to the priv-
acy of individuals that participated in the study.

Study participants, randomization, and

endpoint evaluation

The study enrolled eligible patients with a standard CRT indication after ob-
taining written informed consent. The study inclusion and exclusion criteria
have been previously reported.?’?* The implanting physician programmed
BiV pacing at implant in those patients who had the quadripolar CRT system
successfully implanted (Quartet LV lead with a Quadra CRT device, Abbott,
Sylmar, CA, USA). The implanting physician programmed the LV pacing vec-
tor, A-V delay, and V-V delay settings at their discretion until the patient’s
randomization at 6 months. During the first 6 months following implant, all
subjects received standard BiVP (MPP OFF).

Following standard BiVP for the first 6 months post-implant, patients
with a LV end-systolic volume (LVESV) relative reduction > 15% compared
to implant were classified as echocardiographic responders and exited the
trial. Echocardiographic non-responder patients based on LV reverse re-
modelling (i.e. LVESV relative reduction from implant to 6 months <
15%) were randomized in a 1:1 ratio to either the MPP arm or BiV arm.
The primary endpoint was the percentage of non-responders after 6
months of BiVP who converted to responders at 12 months, as measured
by >15% reduction in LVESV. Patients who died due to cardiac causes post-
randomization were considered non-responders. An independent
Echocardiography Core Laboratory (Cardialysis, The Netherlands) ana-
lysed all measurements before implant, 6, and 12 months and evaluated
CRT response based on the LVESV reduction.

Secondary endpoints included heart failure events (defined as a hospital-
ization or emergency department visit for heart failure of >24 h or hospi-
talization or emergency department visit for heart failure of <24 h requiring
intravenous administration of inotropes or diuretics), cardiac death, LVESV
at 12 months, and mean reduction in LVESV at 12 months compared to 6
months and before implant.

To evaluate the impact of BiVP percentage on MPP, we assessed the as-
sociation between non-responder to responder conversion rate and per-
cent BiVP between the two arms after randomization. To evaluate the
effect of MPP programming on the study endpoint, we assessed the associ-
ation between baseline characteristics/ BiVP % and the difference in echo-
cardiographic non-responder to responder conversion rates between the
two arms using multivariable logistic regression analysis.

Intention-to-treat analysis

Intention-to-treat (ITT) analysis was conducted according to the treatment
to which they were randomized. The ITT population includes all patients
from both phases of the study who were echocardiographic non-
responders at 6 months confirmed by the Echocardiography Core
Laboratory and were randomized into either the MPP or BiV arm and com-
pleted the 12-month visit with evaluable endpoint data.

As-treated MultiPoint" Pacing with a large

(=30 mm) anatomic separation analysis

As-treated analysis for the subgroup of patients with MPP-AS was con-
ducted as pre-defined in the revised version of the study protocol. The as-
treated population included patients who were echocardiographic non-
responders at 6 months, were programmed with MPP-AS for the treat-
ment arm compared to the whole BiVP control arm, and completed the
12-month visit with evaluable endpoint data.
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Study blinding

Patients were blinded to the treatment they received in the trial. An inde-
pendent Echocardiography Core Laboratory, blinded to device program-
ming, analysed all measurements before implant, at 6, and at 12 months
and evaluated CRT response based on the LVESV reduction.

Statistical analysis

The conversion rate from non-responders to responders was compared
using x2 test. The non-responder to responder conversion rate differences
as a function of characteristics at randomization were derived from multi-
variable logistic regression models. Other comparisons were analysed using
descriptive statistics, x2 test, or Fisher’s exact test according to the ex-
pected number of crossings for categorical variables and Wilcoxon rank
sum test. Analyses were conducted using SAS software (version 9.4, SAS
Institute Inc., Cary, NC, USA).

Results

Patients

The study enrolled 5850 patients (1921 in phase | and 3929 in phase II)
at 215 centres worldwide (Figure 1). After 6 months of BiVP from im-
plant to randomization, 39.3% (1463/3724) of the patients with evalu-
able echocardiography data failed to respond to CRT per
echocardiography. A total of 1111 CRT non-responder patients at
6 months, who had LVESV measurements at 12 months, were included
in the ITT analysis population: 541 randomized to the MPP arm
(of whom 236 stemmed from phase 1, Supplementary material
online, Table) and 570 to the BiV arm (of whom 231 stemmed from
phase 1). Of subjects randomized to the MPP arm, 20 crossed-over
to BiVP. Of subjects randomized to the BiV arm, four crossed-over
to MPP-AS. A total of 271 patients with MPP-AS programmed
(of whom 68 stemmed from phase 1, Supplementary material online,
Table) and 555 with BiVP (of whom 231 stemmed from phase 1)
were included in the as-treated analysis population.

Inthe ITT population, patients in the two study arms had comparable
demographic characteristics at randomization (Table 7). The two arms
showed no significant differences in mean reduction of LVESV at
6 months compared to implant (1.0 +13.5% in MPP arm and 0.2 +
12.6% in BiV arm, P =0.305). Heart failure events (events per patient-
year) from implant through randomization (i.e. implant to 6 months)
were also comparable between the two arms (0.21 +0.70 in MPP
arm and 0.21 +£0.73 in BiV arm, P =0.584).

In the as-treated analysis, patients had comparable demographic
characteristics, except for the use of anticoagulants (Table 2) and for
a slightly greater reduction of LVESV at 6 months compared to implant
which was observed in the MPP-AS arm (2.1 + 11.2% in MPP-AS arm
and 0.1 +12.6 in BiV arm, P=0.023). Heart failure events (events
per patient-year) from implant through randomization were compar-
able between the two arms (0.22 +0.72 in MPP-AS arm and 0.19 +
0.70 in BiV arm, P = 0.422).

Primary endpoint (intention-to-treat
analysis)
Overall, there was no difference in non-responder to responder
conversion rate between the MPP and BiV arms at 12 months
(P=0.743). The percentage of patients who were CRT non-
responders at 6 months and became responders to CRT therapy at
12 months was 29.4% (159/541 patients) in the MPP arm and 30.4%
(173/570 patients) in the BiV arm. Cardiac death was a criterion of
CRT non-response; eight patients died due to cardiac causes in the
MPP arm and 15 in the BiV arm (P =0.130).

In both arms, LVESV decreased after randomization at 6 months to
12 months follow-up (161 + 70 mL in MPP and 160 + 67 mLin BiV at 6

months, P=0.817, to 157 =72 mL in MPP and 154 + 69 mL in BiV at
12 months, P = 0.473). There was no difference in a mean reduction in
LVESV at 12 months compared with implant (2 + 26% in MPP, 4 + 23%
in BiV, P=0.326) nor at 12 months compared to six months (1 + 22%
in MPP, 3 +21% in BiV, P=0.074).

This remained true in all but one of the pre-defined subgroups
(Figure 2A). In a subgroup analysis of ventricular pacing in >98% of
the time, MPP was associated with a significant improvement in con-
verting echocardiographic non-responders to responders compared
to BiV (P =0.034, Figure 2A) and the MPP arm showed a significant im-
provement in the conversion rate compared to the BiV arm (43% in
MPP arm, 32% in BiV arm, P = 0.043) (Figure 3A). However, the differ-
ence in percentage reduction in LVESV did not reach statistical signifi-
cance. There was no significant difference in improvement in NYHA
class at 12 months compared to baseline between MPP and BiV groups
(including patients who had >98% ventricular pacing).

The difference in patients who experienced adverse events (both
serious and non-serious) between the two study arms was not statis-
tically significant (23.1% in MPP arm and 19.3% in BiV arm, P=
0.120). Specifically, the per patient-year heart failure event rates were
similar between the two arms (0.28 +1.20 in MPP arm and 0.38 +
1.58 in BiV arm, P =0.096).

As-treated MultiPoint " Pacing with a large

(=30 mm) anatomic separation analysis

In the as-treated population, the results showed no difference in echo-
cardiographic non-responder to responder conversion rate between
the MPP-AS and BiV arms at 12 months (84/271, 31.0% in MPP-AS
arm and 170/555, 30.6% in BiV arm, P=0.915). Four patients
died due to cardiac causes in the MPP-AS arm and 17 in the BiV arm
(P=0.173).

In both arms, LVESV decreased after randomization at 6 months to
12 months follow-up (164 & 70 mL in MPP and 159 + 66 mLin BiV at 6
months, P=0.318, to 160 + 71 mL in MPP and 152 + 67 mL in BiV at
12 months, P =0.109). There was no difference between the arms in a
mean reduction in LVESV at 12 months compared to before implant
(3 +24%in MPP-AS, 4 + 23% in BiV, P = 0.620) and at 12 months com-
pared to 6 months (1 4 23% in MPP-AS, 4 +21% in BiV, P =0.069).

In a pre-defined subgroup analysis of ventricular pacing in >98% of
the time, MPP-AS was associated with a significant improvement in
converting echocardiographic non-responders compared to BiVP
(P=0.034, Figure 2B) and the MPP-AS arm showed a significant im-
provement in the conversion rate compared to the BiV arm (44% in
MPP arm, 31% in BiV arm, P = 0.036) (Figure 3B). However, the differ-
ence in percentage reduction in LVESV did not reach statistical signifi-
cance. There was no significant difference in improvement in NYHA
class at 12 months compared to baseline between MPP-AS and BiV
groups (including patients who had >98% ventricular pacing).

Following the 6-month randomization point, heart failure event rates
in the As-Treated population tended to decrease slightly in the MPP-AS
arm compared to those in the BiV arm without a statistical significance
(per patient-year, MPP-AS arm: 0.31 +1.08; BiV arm: 0.44 +1.82,
P =0.356). The difference in patients who experienced adverse events
(both serious and non-serious) between the two study arms was not
statistically significant (23.1% in MPP-AS and 19.3% in BiV, P = 0.120).

Feasibility of MultiPoint”" Pacing with a
large (=30 mm) anatomic separation
programming

During phase Il of the MORE CRT MPP trial, MPP-AS programming was

required per protocol. Nevertheless, of the 305 patients randomized to
MPP-AS programming (Su), 72 patients were programmed to
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Subject enrolled
n =5850

6-month visit
n = 3906 (3724 with evaluable echo)

Death n =131

Subject withdrawn n = 1271
Unsuccessful LV lead implant n = 207
Non-study device implant n = 89
Device not implanted n = 246

Echo responders at 6M n = 1971
Baseline or 6M echo not evaluable/not available n = 105
Subject withdrawn n = 153

4 R R N\
Randomization
_ (& TR . Echo responders at 6M confirmed by the core lab after randomization, n = 290
n = 1677 randomized —
Only echo NRs 6M echo not evaluable confirmed by the core lab after randomization n = 38
(LVESV reduction <15% n = 1349)
S J
1 MPP arm ) ( BiV arm )
n =680 n =669 Withdrawals prior to 12M n = 108
Non-responders followed for Non-responders followed for Death (no contribution to the endpoint) n = 26
L 6 months ) L 6 months ) Echo not evaluable n = 28
MPP activation failure n = 24
''''''''''''''''''''''''''''''''''''''' > Device off at surgery n =1
Ve - ~ Ve - ~ Missing data n = 51
ITT analysis ITT analysis
(12 months) (12 months)
n =541 n =570 MPP arm (MPP-AS n = 267, MPP-other n = 235,
~ / ~ / BiV n = 20, RV-only pacing n = 1 and
} ''''''''''''''''''''''''''''''''''''''' » unknown programming n = 18)
As-treated analysis (MPP-AS) As-treated analysis (BiV) B!V arr_n (MPP-AS n =4, ’.V'PP'S”‘” n=4
BiV n = 535, RV-only pacing n = 2 and
(2 mein E2 e unknown programming n = 25)
n=271 n =555 prog gn=
S J S J

Figure 1 Study flow diagram. The diagram outlines the number of patients included in the analysis cohort for 12-month endpoint evaluation. BiV,
biventricular; MPP, MultiPoint™ Pacing; MPP-AS, MultiPoint™ Pacing—Anatomical separation (>30 mm)/minimal intraventricular and interventricular

timing delays.

MPP-Other, rather than MPP-AS, due to phrenic nerve stimulation/high
capture threshold (57%, 41/72), inadvertent programming error
(12.5%, 9172), physician’s discretion due to medical reasons (2.8%, 2/72),
and unknown reasons (28%, 20/72). At the time of the study launch, the
Quartet 1458QL lead with a distance of 60 mm between poles 1 and 4
was not available (only a maximal space of 47 mm was available), limiting
the programming to ensure MPP-AS.

Effect of MultiPoint” " Pacing on longevity

Longevity calculations at nominal device settings indicated that the dif-
ference in the estimated battery longevity between the MPP and BiV
arms at 12 months was approximately 0.9 years—the projected lon-
gevity impact if MPP programming were to be continued until battery
depletion.

Discussion

The MORE-CRT MPP trial, with 5850 patients enrolled by 215 centres
over five continents, is the largest randomized clinical trial ever con-
ducted on CRT response. With 1677 patients randomized, it is also
the largest randomized study dedicated to assessing the potential bene-
fit of any pacing configuration in converting CRT echocardiographic
non-responders to responders. The main findings of this trial are
(i) the actual echocardiographic response rate at 6 months after implant
was high at around 60%; (i) out of the 39.3% of echocardiographic non-
responders at 6 months, about 30% of them showed a echocardio-
graphic reverse remodelling response at 12 months in both study
arms—accounting for an overall 72% echocardiographic response

rate at 12 months, which is positioned at the upper end of CRT re-
sponse rate compared to previously reported results;*>>* (iii) however,
there was no difference in the echocardiographic conversion rate from
non-responders to responders between MPP and BiV in both the ITT
and as-treated MPP-AS analysis; and (iv) in the pre-specified sub-group
analysis, when >98% of ventricular pacing was achieved, the conversion
rate (from 6 to 12 months) was superior with MPP and MPP-AS com-
pared to BiVP.

Long-term cardiac resynchronization

therapy response

Our study shows that within 6 months, standard BiVP induces a positive
LV reverse remodelling in about 60% of patients. This result is aligned
with previous publications.”*** Our study design, which followed pa-
tients who were non-responders to CRT for additional 6 months, al-
lowed us to evaluate long-term (12 months) CRT response.
Approximately 30% of patients, who did not initially respond to
CRT, actually experienced delayed significant reverse remodelling in
the following 6 months which was an unexpected finding and thus ques-
tioned the timeline for assessing echocardiographic response to CRT.
This finding suggests that CRT benefit may be delayed or slowly incre-
mental in a relevant proportion of patients and that the percentage of
CRT responders may be higher than what has been measured in short-
middle term studies, accounting for an overall 72% echocardiographic
response rate at 12 months. This is positioned at the upper end of
the reverse remodelling-based CRT response rate compared to
previously reported results.>>**
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Table 1 Demographics of MultiPoint™™ Pacing and biventricular (BiV) arms [cardiac resynchronization therapy (CRT) non-responders per left

ventricular end-systolic volume (LVESV), intention-to-treat (ITT) population] at randomization

Demographic variable

All randomized
subjects (n=1111)

MPP arm (n = 541)

BiV arm (n=570)

P-value

Age (years)
Mean + SD
Gender, (%)
Male
NYHA class at enrolment (%)
Class Il
Class Il
Class IV
NYHA class at 6 months (%)
Class |
Class Il
Class Il
Class IV
QRS duration (ms)
Mean + SD (n)
QRS morphology (%)
LBBB
Non-LBBB
Cardiomyopathy aetiology (%)
Ischaemic
Non-ischaemic
LVESV (ml)
Mean + SD
LVEF (%)
Mean + SD
Device type (%)
CRT-P
CRT-D
LV lead location (%)
Anterior
Anterior lateral
Lateral
Posterior lateral
Posterior
Medical treatment (%)
Diuretics
ACE inhibitor or ARB
B-Blocker
Aldosterone antagonist
Anticoagulant
Calcium channel blockers

Nitrates

79.3

48.6
49.1
20

175
62.9
18.8
0.2

154 +£25

62.0
380

520
48.0

163 + 68

26+8

103
89.7

14
13.0
394
40.1
6.2

80.6
87.5
87.2
394
326
6.8

8.7

81.0

49.8
50.1
17

16.5
64.0
192
0.0

155 +£26

61.6
384

530
47.0

164 + 68

26+8

10.0
90.0

13
13.0
38.2
40.6
6.9

80.6
87.2
87.8
40.1
333
7.0

8.7

77.7

48.9
48.2
23

184
61.9
184
0.4

153 +£25

623
377

51.1
48.9

163 + 68

26+7

105
89.5

14
129
40.5
39.6
55

80.5
87.7
86.7
3838
319
6.7

8.8

0.982°

0.183°

0.673°

0.426°

0.3007

0.825°

0.505°

0.763°

0.774°

0.765°

0.858°

0.978°
0.812°
0.572°
0.648°
0.633°
0.814°
0.960°

LBBB, left bundle branch block; RBBB, right bundle branch block; IVCD, interventricular conduction delay; LAFB, left anterior fascicular block; ACE, angiotensin-converting enzyme; ARB,

angiotensin |l receptor blocker.
*Wilcoxon rank sum test.
®Pearson chi-square test.
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Table 2 Demographics of MultiPoint™ Pacing (MPP) [MultiPoint™" Pacing—Anatomical separation (>30 mm)/minimal intraventricular and
interventricular timing delays (MPP-AS)] and biventricular (BiV) arms [cardiac resynchronization therapy (CRT) non-responders per LVESV,
as-treated population] at randomization

Demographic variable All randomized MPP arm (MPP-AS) (n =271) BiV arm (n =555) P-value
subjects (n = 826)

Age (years)

Mean + SD 68+10 68+ 10 68+ 11 0.748°
Gender, (%)
Male 79.7 83.4 7738 0.063°
NYHA class at enrolment (%)
Class Il 48.5 47.6 49.0 0.629°
Class Ill 49.0 50.6 483
Class IV 2.1 1.5 2.3
NYHA class at 6 months (%)
Class | 177 14.0 19.5 0.182°
Class Il 63.1 66.4 614
Class Ill 184 19.2 18.0
Class IV 0.2 0.0 0.4
QRS duration (ms)
Mean + SD (n) 154 £25 155+25 154 £25 0.584°
QRS morphology (%)
LBBB 61.7 60.3 624 0.599°
Non-LBBB 383 397 376
Cardiomyopathy aetiology (%)
Ischaemic 515 54.2 50.1 0.262°
Non-ischaemic 48.5 45.8 49.9
LVESV (ml)
Mean + SD 163 + 68 168 + 66 161+ 68 0.169%
LVEF (%)
Mean + SD 26+7 26+7 26+7 0.8317
Device type (%)
CRT-P 11.0 122 10.5 0.457°
CRT-D 89.0 87.8 89.5
LV lead location (%)
Anterior 1.2 11 1.3
Anterior lateral 13.0 12.5 133
Lateral 40.7 435 393 0.845°
Posterior Lateral 393 373 40.4
Posterior 57 55 5.8
Medical treatment (%)
Diuretics 80.5 80.4 80.5 0.973°
ACE inhibitor or ARB 88.0 88.9 87.6 0.571°
B-Blocker 87.8 88.9 87.2 0.478°
Aldosterone antagonist 40.4 1.7 39.8 0.606°
Anticoagulant 344 39.1 321 0.045°
Calcium channel blockers 71 8.9 6.3 0.182°
Nitrates 9.6 11.1 838 0.304°

LBBB, left bundle branch block; RBBB, right bundle branch block; IVCD, interventricular conduction delay; LAFB, left anterior fascicular block; ACE, angiotensin-converting enzyme; ARB,
angiotensin |l receptor blocker.

*Wilcoxon rank sum test.

®Pearson chi-square test.
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Non-responde r to
responder

Pre-defined subgroups conversion ra te P-value
difference (% )

(95% Cl)
LBBB (n = 557) —-2.1(-10-5.7) :.-‘; 0.592
Non-KBBB (n = 342) 1.2 (-7.9-10.2) 0.804
Ischaemic (n = 578) —2.4 (-9.6-4.8) —— 0.512
Non-ischaemic (n = 553) 0.9 (-7.1-9) —— 0.823
QRS <150 ms (n = 419) -3.4 (-11.8-5) —— 0.427
QRS >150 ms (n = 607) -0.9 (-8.4-6.7) —a— 0.824
NYHA Il (n = 540) -3.6 (-11.4-4.3) —— 0.373
NYHA III/IV (n = 568) 1.8(-5.5-9.2) H— 0.624
LVEF <25% (n = 518) —0.3(-8.4-7.8) 0.939
LEVF >25% (n = 593) -1.5(-8.7-5.7) 0.686
LVEDV <204.2 mL (median, n = 556) 0.2 (-7.3-7.7) 0.951
LVEDV >204.2 mL (median, n = 555) —2.3(-9.9-5.5) —_— 0.573
<65 yrs old and non-ischaemic (n = 212) 12.6 (-0.1-25.4) —————— 0.054
>65 yrs old and non-ischaemic (n = 321) —6.9 (-17.2-3.3) — 0.188
<65 yrs old and ischaemic (n = 149) -3.8 (-18-10.3) — 0.597
>65 yrs old and ischaemic (n = 429) -1.9 (-10.2-6.4) —— 0.653
Pacing >98% (implant to 6 months) (n = 339) 8.2(-1.9-18.2) — 0.111
Pacing >98% (implant to 12 months) (n = 357) 11.1 (0.9-21.4) —— 0.034

-30 -20 -10 10 20 30
BiV better MPP better
B
Non-responde r to

responder

Pre-defined subgroups conversion ra te P-value
difference (% )

(95% ClI)
LBBB (n = 409) 1.7 (-115-8.1) — 0.738
Non-KBBB (n = 254) 3.6 (-7.8-15.0) — 0.527
Ischaemic (n = 425) -1.5(-10.4-7.4) R — 0.737
Non-ischaemic (n = 401) 3.1(-7.0-13.2) — 0.548
QRS <150 ms (n = 312) -1.4(-11.9-9.1) 0.789
QRS >150 ms (n = 452) -0.1(-9.4-9.3) i 0.989
NYHA I (n = 401) -5.9 (-15.5-3.8) —— 0.241
NYHA LIV (n = 422) 6.6 (—2.7-16.0) - 0.156
LVEF <25% (n = 387) 1.6 (-8.5-11.7) 0.758
LEVF >25% (n = 439) —0.6 (-9.5-8.4) r 0.898
LVEDV <204.2 mL (median, n = 415) 2.9 (-6.6-12.3) _— 0.548
LVEDV >204.2 mL (median, n = 411) —-2.5(-12.1-7.0) — 0.605
<65 yrs old and non-ischaemic (n = 162) 14.7 (-1.0-30.3) T— & 0.062
>65 yrs old and non-ischaemic (n = 239) —5.4 (-18.5-7.6) — 0.421
<65 yrs old and ischaemic (n = 105) —7.2 (-24.5-10.0) PR N E—— 0424
>65 yrs old and ischaemic (n = 320) 0.4 (-9.9-10.8) —— 0.937
Pacing >98% (implant to 6 months) (n = 280) 12.7 (0.5-24.9) — 0.039
Pacing >98% (implant to 12 months) (n = 275) 12.8 (0.8—-24.8) —— 0.034

—40 -20 0 20 40
BiV better MPP-AS better

Figure 2 Effect of MultiPoint " Pacing (MPP) programming on the study endpoint in pre-defined subgroups. The graph displays the non-responder to
responder conversion rate difference (%) per echocardiogram between MPP and biventricular (BiV) in intention-to-treat (ITT) population (2.A) and
between MPP-AS (MultiPoint™ Pacing—Anatomical separation (>30 mm)/minimal intraventricular and interventricular timing delays) and BiV in as-
treated (2.B) population. The subgroups of left bundle branch block (LBBB), non-LBBB, ischaemic, non-ischaemic, QRS < 150 ms, QRS > 150 ms,
NYHA II, NYHA II/lll, LVEF < 25%, LVEF > 25%, LVEDV < median, LVEDV > median, <65 years old and non-ischaemic, >65 years old and non-
ischaemic, <65 years old and ischaemic, >65 years old and ischaemic, pacing > 98% (between implant and 6 months), and pacing > 98% (between im-

plant and 12 months) are included in the analyses.
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Figure 3 Non-responder to responder conversion rate: subgroup analysis. The graph displays the proportion of patients converted from non-
responders at 6 months to responders at 12 months among patients with ventricular pacing > 98% in both intention-to-treat (ITT) (A) and as-treated
MultiPoint™ Pacing—Anatomical separation (>30 mm)/minimal intraventricular and interventricular timing delays (MPP-AS) populations (B).

Role of MultiPoint™" Pacing in improving
cardiac resynchronization therapy

response

The rationale for MPP is that pacing at two different LV sites in the same
coronary vein might decrease LV activation time, resulting in an improve-
ment in LV synchrony and contractility. A few non-randomized studies
did show that MPP improved clinical outcomes. However, most of these
studies had limitations, mainly due to the lack of randomization.! 1920
The first acute studies did show a significant benefit of MPP on haemo-
dynamic and echocardiographic responses.’>'® These very encouraging
findings had to be confirmed by long-term clinical and echocardiographic
evaluation. The MPP IDE study showed that MPP was not superior to
BiVP in CRT response as measured by the clinical composite score.?*
However, MPP-AS programming was suggested to have a better out-
come than MPP-Other programming with a non-responder to respond-
er conversion rate of 100% compared to 49% in the BiV group.
Furthermore, this finding was substantiated by dichotomizing patients
based on heart size and demonstrated that MPP-AS programming in pa-
tients with a larger heart had a significantly higher responder rate com-
pared to BiV (92% in MPP-AS vs. 65% in BiV, P=0.023), but the
difference was not significant when patient’s heart size is smaller (79%
in MPP-AS vs. 79% in BiV, P=1.000).> Phase 1 of the MORE CRT
MPP trial also showed a non-significant benefit in the echocardiographic
conversion rate from non-responder to responder in the overall popu-
lation but with the same trend in increased conversion with MPP-AS
(45.6% MPP-AS vs. 33.8% BiV, P = 0.102) and with a significant difference
between MPP-AS and MPP-Other (45.6% MPP-AS vs. 262%
MPP-Other, P=0.006).>" These observations led to Phase 2 of the
MORE-CRT MPP trial, comparing MPP-AS with BiVP, but we failed to
show any advantage of MPP-AS except in the subgroup of patients
with >98% ventricular pacing (with all the caveats of subgroup analysis).

The recent non-randomized SMART-MSP trial showed that using
the clinical composite score (CCS), the conversion rate was 51.3%.
However, the main limitation of this study was the lack of a control
arm, and improvement may have simply been related to the delayed re-
sponse, as we have found in both groups in our study.?**” Interestingly,
the best response was observed in patients with Multisite Pacing (MSP)
involving the proximal LV electrode.

Probability of cardiac resynchronization
therapy response as a function of

biventricular pacing percentage

Cardiac resynchronization therapy requires steady, effective capture of
the LV. Even small decrements in pacing percentage can reduce CRT
benefits.® In our study, the patients with ventricular pacing rate >
98% seem to benefit more from MPP than from conventional BiVP,
where therapy was delivered as intended for the entire duration of
the study from implant to 12 months. These findings are in concord-
ance with those of Hayes et al?® who demonstrated with a large cohort
of ~37 000 patients the importance of a high pacing rate with a signifi-
cant reduction in mortality achieved with BiVP > 98%. There is no inor-
dinate amount of pacing percentage in CRT—which should be as close
as possible to 100%, and a complete resynchronization with substantial-
ly high pacing percentage results in improved echocardiographic re-
verse remodelling, reduced heart failure hospitalization, and/or
all-cause mortality.>®=>

Limitations associated with MultiPoint’
Pacing programming

The high rate of the inability of programming MPP-AS (i.e. >30 mm
separation and minimal timing delays, required per protocol) was

€202 1200100 L€ uo 1sanb Aq 020.82//¥6ZPENS/01/SZ/o10nie/e0ed0INs /W00 dno-olwspeoe//:sdny wolj papeojumoq



10

C. Leclercq et al.

observed in Phase Il of the trial and was due to the following reasons:
(i) the original Quartet lead has 20-10-17 mm inter-electrode spacing
making it mandatory to use the distal electrode (i.e. D1) to achieve at
least 30 mm distance between two electrodes. The new generation
of a Quartet lead with an interelectrode spacing of up to 60 mm allows
more programming options for anatomical separation. (i) MPP pro-
gramming, using multiple LV vectors, could be limited partly because
of high pacing thresholds and/or phrenic nerve stimulation, which ex-
plains the lower than expected rate of MPP-AS programming in the
trial.

Impact on battery longevity

If MPP were turned on for the whole duration of the device, the impact
on battery longevity would be significant: estimated at 0.9 years, an 11%
drop on an 8-year device. This is comparable to what was reported in
the MSP study; they projected a decrease of 9.8 months (0.8 years).?’
With the relatively shorter device lifespan, the absence of benefits de-
monstrated in our trial contradicts using this feature in all non-
responder patients, with the possible exception of those patients for
whom a very high % of ventricular pacing (>98%) can be guaranteed.

Limitations

Our trial has some limitations. First, the trial was prematurely closed
because a pre-specified interim analysis showed a low probability of
the study meeting the primary endpoint. Second, there was no require-
ment for device programming other than MPP/MPP-AS or BiVP.
Especially, atrioventricular (AV) delay was left to the physician’s discre-
tion. Our results may have differed had AV optimization with fusion pa-
cing with and without MPP being considered.®*** Third, CRT
responders during the first 6 months who were withdrawn from the
trial may have become non-responders during the following 6 months,
which may neutralize the effect of the supposed late remodelling.
Fourth, the analysis populations were limited to randomized patients
who were echocardiographic non-responders, confirmed by the echo-
cardiography core laboratory, at 6 months compared to baseline, and
had evaluable endpoint data at 12 months. The effect of selection
bias on patients with evaluable data cannot be excluded. Fifth, the two-
dimensional echocardiographic evaluation of LVESV has limited repro-
ducibility and may have confounded the results. Sixth, the CRT pacing
percentage recorded by the device may not reflect consistent cap-
ture.?® Lastly, phase Il was a continuation of phase |, where the compari-
son of MPP-AS to BiVP was not a pre-specified endpoint, which might
introduce a bias when the patients from both phases merged for the
purpose of analysing the endpoints.

Conclusions

The MORE-CRT MPP study failed to provide a better conversion rate
of non-responders compared to BiVP, defined by reverse LV remodel-
ling (LVESV). The conversion rate was approximately 30% in both
groups. Due to the negative impact on device longevity, our data do
not support using MPP in non-responders in general. However, MPP
could be considered an alternative in the sub-group of patients who
fare poorly with BiVP and for whom a very high percentage of ventricu-
lar pacing (>98%) can be achieved.

Clinical perspectives

In echocardiographic non-responders after 6 months of BiVP, MPP pro-
viding two pacing pulses in the LV with a large anatomical separation
through a quadripolar lead did not improve the LVESV as compared
to BiVP during the next 6 months. It is not recommended to use

MPP systematically in patients who do not respond to CRT.
However, it has been observed that MPP could be beneficial for CRT
non-responders who have a considerable amount of ventricular pacing
(>98%). Enhanced monitoring through device programming and opti-
mizing medication regimens could effectively help in keeping patients
within the upper range of ventricular pacing. Continuous dynamic op-
timization and effective LV pacing could help achieve BiVP close to
100%.17:3335

In patients receiving CRT with BiVP, the response to BiVP may be
delayed over 6 months, 30% of patients who were not responders at
6 months became responders during the following 6 months.

Supplementary material

Supplementary material is available at Europace online.
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