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Abstract

Cardiac resynchronization therapy is challenging. Up to 40% of patients are non-responder. Multisite pacing via a quadripolar
lead, also called multipoint/multipole pacing (MPP), is a debated alternative. In this review, we summarize evidence in the
literature, tips and pitfalls related to MPP programming, and the different algorithms of MPP in different manufacturers.
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1 Introduction

Up to 40% of patients are non-responder to cardiac
resynchronization therapy (CRT) [1-4]. Response to CRT de-
pends on many variables including QRS duration, left bundle
branch block morphology, left ventricular (LV) pacing site,
and amount of scar tissue [5—12].

The concept of LV multisite pacing (MSP) uses 2 pacing
cathodes to induce a larger LV depolarization wavefront and a
subsequent shorter total LV activation time. MSP using 2 dis-
tinct bipolar leads linked through a Y connector initially
proved to be associated with larger LV reverse remodeling
than conventional biventricular (biV) pacing and an improved
response to CRT especially in patients with posterolateral scar
[13, 14]. MSP via multivein pacing has some clinical limita-
tions: longer procedure times, higher radiation doses, limited
venous anatomy, and the potential complications related to an
additional lead (pocket bulk, need for Y connector and bipolar
LV leads, faster battery drain).

MSP through a single quadripolar lead (using 2 pacing
cathodes out of 4 electrodes), also called multipoint/
multipole pacing (MPP), is an easier technique [15-17]. It also
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showed acute improvements in contractility, hemodynamics,
and dyssynchrony as compared with biV pacing [18-33], es-
pecially in patients less likely to benefit from conventional
CRT (narrower QRS, atypical LBBB morphology, type I LV
activation, scar) [34-36].

We review evidence in literature, the potential tips and
pitfalls related to MPP programming, and the different algo-
rithms of MPP through a single quadripolar lead in different
manufacturers.

2 Clinical observations in literature (Table 1)

MPP showed acute hemodynamics improvements compared
with standard biV pacing: increased LV ejection fraction
(LVEF), cardiac index, stroke work, and volume [21, 25];
increased LV dP/dt,, [18, 21-23] and systolic blood pressure
[31]; improvement of radial strain [20, 25] and non-invasive
radial artery tonometry parameters [30]; and reduction in end-
diastolic and end-systolic volumes [27] and end-diastolic LV
pressure [21].

MPP also showed a reduced QRS duration [23], a signifi-
cant dyssynchrony echocardiographic parameter improve-
ment [19], and a quicker activation of the LV [33] compared
with biV pacing.

At 6 months and 1 year of follow-up, MPP activated after
implantation showed a better CRT response rate with an im-
provement of clinical scores (NYHA, CCS, and Packer), an
increase in LVEF, and a reduction of LV end-systolic volume
compared with biV [24, 26, 29, 31].
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Table 1

Clinical observations with MPP in literature

First author, year

Type of study, number of patients

Comparison Main findings

Thibault et al. 2013 [18]

Rinaldi et al. 2013 [19]

Rinaldi et al. 2014 [20]

Pappone et al. 2014 [21]

Zanon et al. 2015 [22]

Menardi et al. 2015 [23]

@ Springer

Prospective single-center,
non-randomized
clinical trial.

n=19.

Prospective multicenter,
observational study.
n=41.

Prospective multicenter,
observational study.
n=40.

Prospective single-center,
observational study.
n=42.

Prospective single-center,
observational study.
n=29.

Prospective single-center,
observational study.
n=10.

Acute intraoperative assessment of LV
hemodynamics of MPP and biV in the
same patient.

- In 84% of patients, >2/4 MPP
configurations increased LV
dP/dt,,,x compared with biV pacing.

- Pacing from the most distal and
proximal electrodes was the most
common optimal configuration,
superior to biV pacing in 74% of
patients.

Acute intraoperative assessment of

echocardiographic dyssynchrony of
MPP and biV in the same patient.

- Mean time-to-peak contraction of 12
LV segments (Ts-SD) was signifi-
cantly lower for the optimal MPP
configuration (35.3 +36.4 vs
50.2+29.1 ms; p=0.01).

- At least 1 MPP configuration
exhibited a significant dyssynchrony
improvement in 63% of patients.

- The mean number of LV segments
with delayed longitudinal
contractions was significantly
reduced with the optimal MPP
configuration (0.37+7.99 vs
2.20+0.19; p<0.001).

- Mean peak radial strain: 18.3 £7.4%
in MPP patients vs. 9.3 £ 5.3% in the
biV group (p <0.001).

- LVOT mean ITV was obtained in 13

Acute intraoperative assessment of
echocardiographic radial strain and
VTI in the left ventricular outflow tract
(LVOT) of MPP and biV in the same

patient. patients: 13.5+2.7 cm in the MPP
group vs. 10.9£3.3 cm in the biV
group (p<0.01).
Acute intraoperative assessment of LV~ Best MPP vs best biV:

hemodynamics of MPP and biV in the - Increase of dP/dt;,: 15.9+£10.0% vs
same patient. 13.5+8.8%; p=0.001.
- Increase of stroke work: 27.2 +£42.5%
vs 19.4+32.2%; p=0.018.
- Increase of stroke volume:
10.4+£22.5% vs 4.1 £13.1%;
p=0.003.
- Increase of LVEF: 10.5+20.9% vs
5.3+13.2%; p=0.003.
- Decrease of end-diastolic pressure:
18.2+£22.4% vs 8.7 +21.4%;
p=0.001.

Acute intraoperative assessment of LV Increase in dP/dt,y:

hemodynamics of MPP and biV in the - All sites considered:

same patient. 951+ 193 mmHg/s at baseline, biV:
1144 £255 mmHg/s, MPP:
1178 +£259 mmHg/s.

- Best site considered:

942 +202 mmHg/s at baseline, biV:
1200 +267 mmHg/s, MPP:
12314267 mmHg/s.

Acute intraoperative assessment of - Increased LV dP/dt,,,x (30+13% vs.
contact mapping and LV 25+ 11%, p=0.041).
hemodynamics of MPP and biV in the - Reduced QRS duration (22 +11% vs.
same patient. 11+11%, p=0.01).

- Decreased total endocardial activation
time (254 15% vs. 10 +20%,
p=0.01).

- MPP resulted in a larger capture of LV
mass during the first 25 ms
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Table 1 (continued)

First author, year Type of study, number of patients

Comparison Main findings

Pappone et al. 2015 [24] Prospective single-center,
observational study.
n=44.

Osca et al. 2016 [25] Prospective single-center,
observational study.

n=27.

Zanon et al. 2016 [26]  Retrospective single-center,
observational study.

n=110.

Siciliano et al. 2016 [27] Prospective single-center,
observational study.
n=11.

(35£22%vs16 +8%; p =0.005) and
during the first 50 ms (78 £27% vs.
60+ 23%; p=0.03) of pacing,
suggesting a quicker wave front
propagation throughout the left
ventricle.

After implantation of a CRT device, 2 At 1 year:
groups of patients were compared at - 76% responders in the MPP groups
1 year: vs. 57% responder in the biV group
- biV with pressure-volume loop (PVL) (p=0.33).
optimization (n =22). - ESV median: —25% (IQR: —39% to
- MPP with PVL optimization (n =22) —20%) in MPP patients vs — 18%
CRT response was defined as a reduction  (IQR: —25% to— 2%) in the biV
of end-systolic volume > 15%. group (p=0.03).
- EF median: + 15% (IQR: 8 to 20%) in
MPP patients vs +5% (IQR: — 1 to
8%) in the biV group (p <0.01).

- LVEF was increased in MPP and biV
pacing vs. baseline: 38.4 +1.8%,
332+1.8% and 26.1 £2.2,
respectively (p <0.01 vs. baseline).

- Cardiac index (CI) was increased by
3474+5.1% and 21.8 £5.4% in
MPP and biV configurations, re-
spectively (p=0.19)

- Acute responders (CI increase
>10%): MPP =85.2% vs.
conventional biV = 62.9%,
p<0.001.

- Standard deviation of time-to-peak
radial strain of 6 LV basal segments:
Baseline 101 £9.7 ms, MPP
66+£8.03 ms (p=0.012 vs. base-
line) and biV 80.3+9.2 ms
(p=0.34 vs. baseline,).

At 1 year:
- Reduction in NYHA class > 1: OPT+

Acute intraoperative assessment of
echocardiographic parameters of MPP
and biV in the same patient.

After implantation of a CRT device, 3
groups were compared at 1 year of

follow-up: MPP =95.0%; OPT =77.8%;
- STD: standard group with bipolar LV STD=66.7% (p=0.012)
lead (n=54) - NYHA response with no HF-related

- OPT: group with bipolar or quadripolar
LV lead with optimized pacing site
defined as the greatest increase of LV
dP/dtyax. (n=36)

- OPT+MPP: group with MPP and the
same optimization. (n = 20)

hospitalization events or death
(PACKER score =0): OPT+
MPP =90.0%; OPT = 66.7%;
STD=59.3% (p=0.018)

- Reduction in end-systolic volume
>15%: OPT+MPP =90.0%;

OPT =72.2%; STD =55.6%
(p=0.04)

Patients with MPP-enabled CRT devices - Reduction in end-diastolic and
underwent a three-dimensional echo- end-systolic volumes with MPP
cardiography (3DE) and an echocar- compared with biV (p =0.04;
diographic particle imaging p=0.03, respectively).
velocimetry (Echo-PIV) at 6 months - LVEF and cardiac output were similar
follow-up during a pacing protocol between MPP and biV.
with - There was also a trend towards
biV and MPP pacing. improvement in strain between biV
and MPP that did not reach
statistical significance.

- MPP reflected into a significant
reduction of the deviation of global
blood flow momentum compared
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Table 1 (continued)

First author, year

Type of study, number of patients Comparison

Main findings

Niazi et al. 2017 [28]

Forleo et al. 2017 [29]

Ciconte et al. 2018 [30]

Lercher et al. 2018 [31]
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Prospective multicenter,
randomized, double-blind
clinical trial.

n=381.

Clinical non-responders to standard

defined using CCS score were ran-
domized in 2 groups:

- MPP arm (n=201);

- biVarm (n=180).

Prospective multicenter,
observational registry.
n=232.

MPP was activated at discharge after
CRT-D implantation (n = 94) and

at 6 months follow-up.

Prospective single-center,
observational study.
n=19.

underwent non-invasive radial artery

tocol with biV and MPP pacing.

Prospective multicenter,
non-randomized
clinical trial.

n=42.

After successful implantation of a CRT
device, various biV and MPP
configurations were tested during a
pacing protocol. Configuration with
the best systolic blood pressure (SBP)
elevation relative to reference

was programmed.

biventricular pacing (biV) at 3 months

compared with standard biV (n=138)

Patients with MPP-enabled CRT devices

tonometry (RAT) during a pacing pro-

with biV (p =0.002) indicating a
systematic increase of longitudinal
alignment from the base-apex ori-
entation of the hemodynamic forces.

- The primary safety endpoint was met
with freedom from system-related
complications of 93.2%.

- The primary efficacy endpoint of the
noninferiority comparison of
non-responder rates between the 2
arms was met.

- Patients randomized to MPP arm and
programmed to pace from
anatomically distant poles
(MPP-AS = Cathode spacing
>30 mm and 5 ms LV delay)
responded to therapy at significantly
higher rates than MultiPoint
pacing—other programmed settings
(MPP-Other): 87% were responders
at 9 months, 100% designated as
non-responders at 3 months con-
verted to responders at 9 months,
and 54% experienced an incremental
response compared with
MPP-Other. 92% of patients with de
novo CRT-D implant were classified
as responders compared with pa-
tients with MPP-Other.

At 6 months:

- CCS score improved in the MPP
group (56 vs. 38%; p =0.009).

- EF was significantly higher in the
MPP group than in the biV group
(39.1£9.6% vs. 34.7+7.6%;
p=0.001).

- MPP was a predictor of absolute
increase in LVEF > 5% at 6 months
(OR=2.5;95% CI=1.3-4.9;
p=0.001).

MPP configuration with the greatest
separation of LV cathodes and
minimum intra-LV delay signifi-
cantly improved:

- Pre-ejection period (PEP) (mean PEP
—15+33% in MPP vs. —8+32% in
biV pacing, p =0.04),

- Ejection duration (ED) (mean ED
+8+8% in MPP vs. +4+7% in
biV pacing, p =0.02),

- PEP/ED (- 0.07£0.14 in MPP vs
—0.04+£0.13 in biV pacing,
p=0.02).

- Greater SBP elevations were
associated with the best MPP
compared with the best biV
configurations in 29 of 37 patients
completing the pacing protocol
(78%).

- At 6 months: 23/27 (85%)
MPP-programmed patients were
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Table 1 (continued)

First author, year Type of study, number of patients

Comparison

Main findings

Leclercq et al. 2019 [32] Prospective multicenter,
randomized clinical trial.
n=>544.

Non-responders to biV at 6 months
defined as reduction < 15% in left
ventricular end-systolic volume
(LVESV) were randomized in 2

classified as CRT responders
(ALVESV =31+£20%).

- No difference was observed in
non-responder to responder conver-
sion rate between MPP and
biventricular pacing (31.8% and

groups: 33.8%, p=0.72).
- MPP (n=236), - In the MPP arm, 68 (29%) patients
-biV (n=231). received MPP programmed with a

Sieniewicz et al. 2019
[33]

Prospective single-center,
observational study.
n=>5.
vice.

Acute evaluation MPP and biV with
electrocardiographic imaging (ECGi)
the day after implantation of CRT de-

wide LV electrode anatomical
separation (>30 mm) and shortest
LV1-LV2 and LV2-RV timing de-
lays (MPP-AS); 168 (71%) patients
received MPP programmed with
other settings (MPP-Other).

- MPP-AS elicited a significantly
higher non-responder conversion
rate compared with MPP-Other
(45.6% vs. 26.2%, p=0.006) and a
trend in a higher conversion rate
compared with biventricular pacing
(45.6% vs. 33.8%, p=0.10).

In 2/5 subjects, MPP resulted in more
rapid activation of the left ventricle
compared with standard CRT.

In the 3 other patients, the use of MPP
did not appear to acutely improve
electrical resynchronization.

Randomized clinical trials were designed with activation of
MPP in non-responder patients to CRT. The MPP IDE [28]
study showed that MPP was safe and non-inferior to standard
biV pacing. MPP from anatomically distant poles (MPP-AS)
with a cathode spacing >30 mm and 5 ms LV delay showed
also a better response rate compared with MPP with other
settings. The phase I of More-CRT MPP study [32] did not
show advantage of indiscriminate programming of MPP on
LV reverse remodeling compared with biV pacing in echocar-
diographic non-responders to CRT. However, MPP-AS might
be beneficial in selected patients and a phase II is in progress.

3 Tips and pitfalls for MPP

Choice of both LV vector is crucial Every LV vectors are not
programmable in MPP configuration as shown in Table 2. The
farthest anatomic distance may achieve a better response to
CRT with cathode spacing > 30 mm [28]: when possible, con-
sider pacing from most distal and proximal electrodes [18].
Another way to choose the vectors is to choose the first and
last activated sites during RV-LV delay measurement [37]. 12-
Derivation electrocardiogram during MPP configuration

testing in order to choose minimal QRS width seems time-
consuming but could be efficient in selected patients [29].
Pressure-volume loop [24] and invasive dP/dT [26] are neither
feasible nor relevant in clinical practice and belong to clinical
research field [30]. Favoring the true bipolar vector may be
beneficial.

Pacing delay between the two chosen LV vectors is also a key-
point Minimal programmable or simultaneous delay appears
to be more efficient except in case of extensive fibrosis [28].

Threshold and battery longevity is impacted MPP significant-
ly reduces battery longevity compared with biV. When MPP
LV vector <4 V is achieved, the decrease in battery longevity
is reasonable [36]. Auto-threshold LV tests and adjustment
permit to minimize battery consumption.

4 MPP algorithms

Main characteristics of devices and quadripolar lead used in
MPP are reported in Table 2.

@ Springer
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4.1 Abbott devices

Automatic measurements of RVP-to-LVS or RVS-to-LVS de-
lay and LV thresholds through CRT Toolkit™ and VectSelect
Quartet™ algorithms, respectively, help selecting the ade-
quate pacing electrodes with a good compromise between
electrically distant sites and an acceptable battery longevity.

The Multipoint™ pacing is available only for heart rates <
110 beats per minute (bpm), with automatic switch towards
conventional biV pacing from 111 bpm to upper pacing rate.
The device permits to pace RV and then LV and vice versa.
The choice of the two LV vectors can be manual or with two
proposed configurations: wider cathode spacing or shortest
and longest activation time.

4.2 Biotronik devices

LV Vector Opt™ After an automatic measurement of RVP-to-
LVS delay, LV threshold with PNS threshold and impedance
are manually measured.

Via multipole pacing™, the device also permits to firstly
pace the RV or the LV. However, the LV vector choice is only
manual.

4.3 Boston devices

LV Vectorguide™ RVS-to-LVS delay is averaged over several
cardiac cycles (at least 3 RV events, up to 10) for each selected
vector. Any unstable RV intervals (>20% RV-RV) are elimi-
nated. An RVS-LVS interval is not valid if it is > 10 ms (£)
from the median.

Other invalid events are excluded from the delay measure-
ment: RV pace, RV sensed event > 110 bpm, PVC, RV sense
following a PVC, LVS is 100 ms or earlier than the RVS or
LVS is 200 ms or later than the RVS, more than one LVS is
within — 100 ms and + 200 ms of the RVS, RVS, or LVS that
occur during noise.

A negative value for the RVS-LVS delay indicates that the
LVS precedes the RVS.

LV impedance is measured for each selected vector and
phrenic nerve stimulation identified by the physician for each
selected vector.

LV threshold tests are automatic only on Autogen devices.
They can be made manually or via Quickcapture™ test (runs
at same output for each selected LV vector and permits to
quickly note capture/no capture).

Smart Vector™ Activation sequence’s choice depends on
RVS-LVS delay: if >—20 ms then LVI=2LV2-3RYV, if <—
20 ms then RV=2LV1-2LV2. Vector’s choice is made after
elimination of vector with PNS, extreme impedance, LV
threshold > 4.5 'V, and missing data.

LV1 vector will favor the cathode with the longest RVS-
LVS delay. If all RVS-LVS delays are equal, then priority for
the best LV threshold. If all LV thresholds are equal, priority
for the most basal cathode and for the anode: RV > LV g;4ta14 >
LV ediazs > LV mediarz > box. For the LV2 vector, the farthest
anatomic electrode from LV1 and the anode with the lowest
threshold will be chosen.

LV1 threshold can be programmed on automatic
(Pacesafe™) but not LV2 (results of Vectorguide™ + 1.5 V).

Smart Offset™ Intra-ventricular pacing delays are automatical-
ly adjusted on RVS-to-LVS delay (between 0 and 10 ms).
Inter-ventricular pacing delay is 5 ms. A fully manual pro-
graming is also possible.

4.4 Medtronic devices

Vector Express™ Pacing threshold and impedance are automat-
ically tested for each selected pacing polarities associated with
a test looking for PNS. The calculated relative longevity is
based on the current battery status and on typical (not actual)
parameter settings and device events with a 1.5 V ventricular
safety margin (different from remaining longevity).

LV Capture Management™ permits a monitoring of pacing
amplitude threshold and adjustment of LV outputs (automatic
threshold measurement daily). It will operate twice when MPP
is on and then utilize the higher of the two LV cathode
thresholds.

RV-LV sequence, LV vector’s choice, and delays program-
ing are manual.

4.5 Microport devices

LV Vectors Selection Tool™ Manual pacing threshold and im-
pedance for each LV vectors and test looking for PNS.

SonR™ is a peak endocardial acceleration-based optimiza-
tion method. The peak endocardial acceleration (PEA) sensor
is embedded in the tip of the RA lead and permits adjustment
ofthe PEA in order to determine the optimal LV configuration
(highest PEA value, closely correlated with LV dP/dt,, ., for
all scanned configurations).

RV-LV sequence, LV vector’s choice, and delays program-
ing are also manual.

5 Conclusion

MPP via quadripolar showed an improvement in hemo-
dynamics and functional status but still needs more
morbimortality evidence. Programing is challenging and
may be crucial to evaluate MPP in further clinical
studies.
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Abbreviations  biV, biventricular; CRT, cardiac resynchronization thera-
py; LV, left ventricular; LV, first LV vector; LV2, second LV vector; LVP,
left ventricle paced; LVS, left ventricle sensed; LVEF, left ventricle ejec-
tion fraction; LBBB, left bundle branch block; MPP, multipoint/multipole
pacing; MPP-AS, multipoint pacing—anatomic separation/minimal intra-
ventricular timing delay; PNS, phrenic nerve stimulation; PVC, premature
ventricular complexes.; RVP, right ventricle paced; RVS, right ventricle
sensed
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