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Abstract
Purpose Cardiac resynchronization therapy (CRT) with multipoint left ventricular (LV) pacing (MultiPoint™ Pacing [MPP])
improves long-term LV reverse remodeling, though questions persist about how to program LV pacing vectors and delays. We
evaluated if an empirical method of programming MPP vectors and delays between pacing pulses improved CRT response
similar to pressure-volume loop (PVL) optimized MPP programming.
Methods Patients undergoing CRT implant (Quadra Assura MP™ CRT-D and Quartet™ LV lead) received MPP with pro-
grammed settings optimized either by PVL measurements at implant (PVL-OPT group) or empirically determined by maximiz-
ing the spatial separation between the two cathodes and minimal delays between the three ventricular pacing pulses (MAX-SEP
group). CRT response was prospectively defined as a reduction in end-systolic volume (ESV) of ≥ 15% relative to baseline at
6 months as determined by a blinded observer.
Results Patient characteristics at baseline (NYHA II–III, ejection fraction [EF] 27 ± 6%, QRS 151 ± 17 ms) were not significantly
different between the PVL-OPT (n= 27) andMAX-SEP (n = 26) groups. During the follow-up period, there were no differences in the
number of patients requiring reprogramming due to phrenic nerve stimulation or a high threshold for PVL-OPT vs. MAX-SEP (5/27
[19%] vs. 7/26 [27%], p = 0.53). After 6 months, ESVreduction, EF increase, and CRT response rate (RR) were similar for PVL-OPT
vs. MAX-SEP (ESV − 20 ± 11 vs. − 22 ± 11%, p = 0.59; EF + 10 ± 4 vs. + 9 ± 7%, p = 0.53; RR 20/27 [74%] vs. 21/26 [81%], p =
0.74), while fewer patients in the PVL-OPT group experienced NYHA class reduction ≥ 2 (4/27 [15%] vs.15/26 [58%], p = 0.002).
Conclusions Both evaluated methods of MPP programming resulted in similar CRT outcomes. Empirical MPP programming by
maximum spatial separation of LV cathodesmay be an effective, simple, and non-invasive alternative to pressure-volume optimization.
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Abbreviations
AV Atrioventricular
BiV Biventricular

CONV Conventional CRT
CRT Cardiac resynchronization therapy
CS Coronary sinus
CVA Cerebrovascular accident
dP/dt Rate of pressure change
EF Ejection fraction
ESV End-systolic volume
HF Heart failure
IDE Investigational device exemption
LV Left ventricle
MPP MultiPoint™ Pacing
NYHA New York Heart Association
PV Pressure-volume
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RV Right ventricle
RA Right atrium
TIA Transient ischemic attack

1 Introduction

Cardiac resynchronization therapy (CRT) has become the
standard treatment for patients with moderate to severe heart
failure (HF), prolonged QRS duration, and reduced ejection
fraction (EF) [1–5]. However, conventional therapy is partly
limited by the inadequate response rate of 60–70% [6, 7].
Recently, multipoint left ventricular (LV) pacing from a
quadripolar LV lead (MultiPoint™ Pacing [MPP], Abbott,
Sylmar, CA) has been shown to provide acute benefit to LV
electrical propagation [8, 9], mechanical synchrony [10–12],
and hemodynamic response [13–15] and to improve mid- and
long-term LV reverse remodeling and LV function [16–19].
However, the LV lead placement and selection of pacing vec-
tors in many of these studies have been driven by invasive
hemodynamic measurements despite questions about the con-
nection between acute hemodynamic response and long-term
response. Based on our previous acute hemodynamic mea-
surements [13], we hypothesized that an MPP programming
strategy based on maximizing the separation between the two
LV cathodes to capture the greatest amount of LV tissue would
be as effective as hemodynamically optimized MPP. In this
study, we tested this hypothesis by evaluating 3- and 6-month
outcomes between patients receiving MPP programming
guided by hemodynamic optimization or MPP programmed
empirically to maximize LV cathode separation.

2 Methods

2.1 Study population

The study prospectively enrolled consecutive patients meeting
the inclusion and exclusion criteria at a single investigational
center. The study protocol was approved by the local ethics
committee and the investigation conformed to the principles
outlined in the Declaration of Helsinki. Inclusion criteria were
a CRT implant indication approved by ESC/EHRA guidelines
[20] and the ability of the patient to provide informed consent.
Exclusion criteria were permanent atrial fibrillation, New
York Heart Association (NYHA) Class IV, myocardial infarc-
tion within 40 days prior to enrollment, CVA or TIA within
3 months prior to enrollment, cardiac surgery or coronary
revascularization procedure within 3 months prior to enroll-
ment or scheduled in the following 7 months, intravenous
inotropic support in the last 30 days, age less than 18 years,
and pregnancy. Two study groups were prospectively follow-
ed in this study: (1) patients with MPP programmed by

pressure-volume (PV) loop optimization (PVL-OPT group)
and (2) MPP programmed by maximizing LV cathode sepa-
ration (MAX-SEP group). Programming was guided by he-
modynamic response in the PVL-OPT group and maximum
cathodes separation in the MAX-SEP group, regardless of the
presence or location of scar [13, 16]. Patient baseline charac-
teristics are summarized in Table 1.

2.2 Device implant and patient cohorts

Patients were implanted with a CRT device (Unify Quadra
MP™ or Quadra Assura MP™, Abbott, Sylmar, CA) with
the ability to deliver MPP (i.e., two LV pacing pulses [LV1
and LV2] and right ventricular [RV] pacing pulse with pro-
grammable delays between pacing pulses [LV1-LV2 and LV-
RV delays]). Conventional RVand right atrial (RA) leads were
placed according to standard practice. The quadripolar LV
lead (Quartet™ LV lead, Abbott, Sylmar, CA) with electrodes
named D1, M2, M3, and P4 (distal to proximal) was targeted
to a lateral, posterolateral, or anterolateral branch of the CS.
The distal electrode was targeted to an apical or mid-
ventricular position, allowing for greater lead stability. Initial
patient enrolled underwent PV loop measurements (PVL-
OPT group) to optimize the LV pacing electrode configura-
tion; the subsequent group, prospectively enrolled, had MPP
settings programmed by maximizing LV cathode separation
(MAX-SEP group).

2.3 Hemodynamic measurements

Patients in the PVL-OPT group underwent acute hemodynam-
ic measurements during CRT device implant to optimize LV1
and LV2 pacing vectors, LV1-LV2 delay, and LV2-RV delay
according to our previously published protocol [13]. Briefly,
after final placement of all leads, patients underwent hemody-
namic testing with a PV loop system (Inca, CD Leycom,
Zoetermeer, The Netherlands) during a pacing protocol in-
cluding at least seven MPP configurations with different LV
vector combinations and delays between pacing pulses at a
fixed atrioventricular (AV) delay of 100 ms to ensure consis-
tent ventricular capture. A PV loop catheter was inserted, via
arterial femoral access, into the LV chamber and placed in the
apex. Sixty second recordings were collected during each test
pacing intervention with return to baseline (RV pacing) fol-
lowing each test pacing intervention. Hemodynamic parame-
ters were averaged over 16 consecutive beats and expressed as
the relative percent change to measurements during adjacent
baseline recordings to account for any drift and isolate the
cardiac effect of pacing [21]. All hemodynamic measurements
were repeated twice for each pacing intervention. Patients in
the MAX-SEP group did not undergo any hemodynamic
measurements.
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2.4 Selection of LV pacing vectors

Before leaving the hospital, patients in the PVL-OPT group
were programmed to the MPP configuration that produced the
largest increase in dP/dtMax relative to baseline during the
intraoperative PV loop measurements.

Patients in the MAX-SEP group were programmed to
LV1 and LV2 vectors with the maximum separation be-
tween cathodes along the LV lead body and the minimum
delay between LV1-LV2 and LV2-RV pacing pulses
allowed by the device. Maximum cathode separation was
achieved by selecting an LV1 vector with the most distal
available cathode and an LV2 vector with the most proxi-
mal available cathode. A pacing vector was considered
available if the capture threshold was ≤ 5 V, and phrenic
nerve stimulation (PNS) was not present. When multiple
anodes were available for the target cathode, the anode was
selected to minimize the pacing capture threshold and
avoid PNS. Anodes used in the LV stimulation were 39%
RV coil, 16% P4, and 45% M2. P4 was not selected in all
cases due to high capture thresholds and PNS in a few
patients.

Adjustments to device programming during the observa-
tion period, defined from the time of implant to subject’s 6-
month follow-up visit, necessitated by changes in LV capture
threshold or new onset of PNS were addressed by
reprogramming to the configuration that either produced the
next largest increase in dP/dtMax in the PVL-OPT group or
kept the largest separation between the remaining available
cathodes in the MAX-SEP group. LV pacing vectors pro-
grammed are summarized in Table 2 for the MAX-SEP and
PVL-OPT group.

2.5 Echocardiographic measurements and clinical
exam

Patients underwent echocardiographic and clinical evaluation
prior to implant (BASELINE) and at 3 and 6 months after
implant. LV end-systolic (ESV), end-diastolic volume, and
the EF were measured by an observer blinded to the patients’
pacing configuration with a transthoracic echocardiography
system (iE33, Philips, Amsterdam, The Netherlands).
Patients were considered as responders to CRT at the 6-
month follow-up visit if they experienced a reduction in ESV
of ≥ 15% relative to BASELINE [22–24]. A subgroup analysis
of echocardiographic and clinical changes was conducted
based on patient heart disease etiology (ischemic or non-ische-
mic). Etiology was based on patient medical history (previous
MI or LV dysfunction associated with coronary artery disease).

Table 1 Baseline characteristics
of patients enrolled and
retrospective supplemental
patient data for MAX-SEP and
PVL-OPT arm who completed a
6-month follow-up

Parameter All patients (N = 53) MAX-SEP (N = 26) PVL-OPT (N = 27) p value

Gender, male (%) 45 (85%) 23 (88%) 22 (81%) 0.69

Age (years) 68 ± 11 69 ± 13 67 ± 9 0.42

Height (cm) 171 ± 8 170 ± 9 172 ± 8 0.50

Weight (kg) 81 ± 19 84 ± 19 85 ± 23 0.87

LBBB 28 (52%) 16 (62%) 12 (44%) 0.22

RBBB 2 (4%) 1 (4%) 1 (4%) 1.0

Non-permanent AF history 47 (89%) 23 (88%) 24 (89%) 0.96

Ischemic etiology 32/53 16/26 16/27 0.91

NYHA Class 51/53 Class III

2/53 Class II

24/26 Class III

2/26 Class II

27/27 Class III

0/27 Class II

–

QRSd (ms) 151 ± 17 156 ± 18 150 ± 13 0.20

EDV (mL) 240 ± 67 249 ± 77 231 ± 56 0.32

EDVi (mL/m
2) 124 ± 34 116 ± 27 132 ± 38 0.09

ESV (mL) 176 ± 60 183 ± 69 168 ± 50 0.36

ESVi (mL/m2) 91 ± 30 85 ± 25 97 ± 33 0.15

EF (%) 27 ± 6 27 ± 6 28 ± 7 0.97

Table 2 Programmed MPP LV vector combination throughout the
study observation period for both MAX-SEP and PVL-OPT groups

Cathode combination MAX-SEP
(N = 26)

PVL-OPT
(N = 27)

Cathode
separation (mm)

LV1 LV2

D1 P4 13 9 47

D1 M3 5 6 30

D1 M2 7 3 20

M2 P4 1 3 27

M2 M3 0 2 10

M3 P4 0 2 17

M3 M2 0 1 10

M3 D1 0 1 30
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2.6 Statistical analysis

Categorical and continuous variables were expressed as abso-
lute and relative frequencies or as mean ± SD. Comparisons
between PVL-OPT and MAX-SEP groups were made with
unpaired t tests for continuous variables and binomial vari-
ables with Fisher test, as appropriate. A p value < 0.05 was
considered significant. All continuous variables are expressed
as mean ± standard deviation. Statistical analyses were con-
ducted using SPSS (SPSS v22, Chicago, IL, USA).

3 Results

3.1 Study population, enrollment, and follow-up

Sixty consecutive patients were prospectively enrolled and
successfully received a MPP-enabled CRT device with
quadripolar LV lead. Patient baseline characteristics (44%
vs. 62% LBBB [p = 0.22], 26% vs. 38% AF history [p =
0.34] in the PVL-OPT and MAX-SEP group) and pharmaco-
logical treatment (89% vs. 88% [p = 0.96] beta blockers, 48%
vs. 46% ACE inhibitors [p = 0.89], 93% vs. 81% diuretics
[p = 0.21] in the PVL-OPT and MAX-SEP group) were sim-
ilar among the two study groups. Among them, the first 30
patients underwent acute hemodynamic optimization using
PV loop (PVL-OPT group), whereas the following 30 patients
received optimization according to the widest LV cathodes
separation (MAX-SEP group). LV lead location was compa-
rable among the two groups (15% vs. 8% antero-lateral, 66%

vs. 46% lateral, and 19% vs. 46% postero-lateral in the PVL-
OPT and MAX-SEP group, p = 0.08). Each implanting physi-
cian placed the RV lead according to preference (38% in the
apex and 62% on the septum). During the 6-month observa-
tion period, 1 patient in the MAX-SEP group died, 1 was
withdrawn due to MPP unavailability (2 LV pacing electrodes
could not be programmed without PNS, patient programmed
to conventional bi-ventricular pacing from a single LV site), 2
patients were lost to follow-up with no additional echocardio-
graphic clinical information available (Fig. 1), leaving 26 pa-
tients with complete follow-up data. In the PVL-OPT group, 1
subject died and 2 were lost to follow-up, resulting in 27
patients with complete data. Overall, 2 patients died for non-
cardiac causes, whereas those lost to follow-up were alive
throughout the course of the study (assessed by phone inter-
view) yet could not perform the study visit during the required
window. The mean total follow-up period was 183 ± 11 days
in the PVL-OPT and 182 ± 22 days in the MAX-SEP group
(p = 0.75). Baseline patient characteristics for those patients
that completed the 6-month follow-up visit were not signifi-
cantly different between the two groups for any of the param-
eters considered (Table 1).

All patients were implanted due to symptomatic heart fail-
ure. Among ischemic patients, 63% had suffered a previous
MI. LV lead was positioned trying to avoid any scar region, as
assessed by high capture thresholds and echo guidance.
Unfortunately, in four patients, LV lead corresponded to scar
region (three in PVL-OPT vs. one MAX-SEP). Scar region
cannot be avoided because of difficult vein anatomy in two
points, PNS 2. None of them was a CRT responder.

Fig. 1 Enrollment and follow-up
in PVL-OPT and MAX-SEP
groups. After a baseline
examination and CRT implant,
patients received either PVL-OPT
or MAX-SEP programming
parameters and followed-up after
6 months
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3.2 Device programming

The distance along the lead body between LV1 and LV2 cath-
odes was 35.7 ± 12.0 mm in the MAX-SEP group and 31.0 ±
13.1 mm in the PVL-OPT group (p = 0.18). Patients in the
PVL-OPT group were programmed with a mean LV1-LV2
delay of 23 ± 16 ms and mean LV2-RV delay of 12 ± 13 ms.
Patients in the MAX-SEP group were programmed with a
mean LV1-LV2 delay of 6 ± 2 ms and mean LV2-RV delay
of 6 ± 2 ms. Electrical conduction delay from RVactivation to
activation at each LV electrode during intrinsic rhythm
showed no statistically significant differences between the
MAX-SEP and PVL-OPT groups (D1: 87 ± 35 ms vs. 77 ±
43ms, p = 0.46; M2: 88 ± 33ms vs. 89 ± 52ms, p = 0.92; M3:
87 ± 33 ms vs. 90 ± 31 ms, p = 0.75; P4: 92 ± 48 ms vs. 94 ±
43 ms, p = 0.78). Programmed LV1 and LV2 cathode conduc-
tion delays (RV sensed to LV electrode) were also non-
significant between the two groups (LV1: 88 ± 38 ms vs. 79
± 46 ms, p = 0.60 and LV2: 90 ± 32 ms vs. 89 ± 47 ms, p =
0.90, in the MAX-SEP and PLV-OPT, respectively). AV de-
lays were programmed at the discretion of the physician (110–
140 ms).

During the observation period, two patients (2/26, 8%) in
theMAX-SEP group experienced a rise in capture threshold at
one of the two LV sites that required programming to a differ-
ent MPP configuration. Five patients (5/26, 19%) in the
MAX-SEP group experienced phrenic nerve stimulation with
one LV vector in the assigned configuration, which was re-
solved by reprogramming to a different MPP configuration.
Similarly, in the PVL-OPT group, five patients required de-
vice reprogramming, three (3/27, 11%) due to PNS and two
(2/27, 7%) due to high thresholds.

3.3 Echocardiographic, clinical findings and CRT
response at 6-month follow-up

Echocardiographic and clinical parameters after 6 months are
shown in Fig. 2a–c. Relative to BASELINE, ESV reduction
and EF increase were similar between the PVL-OPT and
MAX-SEP groups (ESV: − 20 ± 11% vs. − 22 ± 11%, p =
0.59, Fig. 2a; EF: + 10 ± 4% vs. + 9 ± 7%, p = 0.53, Fig. 2b).
Overall, 47 patient experienced NYHA class reduction (22/27
[81%] PVL-OPT vs. 25/26 [96%] MAX-SEP group, p = 0.19,
Fig. 2c). Using the response definition of ESV decrease ≥ 15%
relative to BASELINE, 20/27 (74%) patients in the PVL-OPT
group vs. 21/26 (81%) patients in the MAX-SEP group were
classified as CRT responders (p = 0.74), resulting in a total of
41/53 (77%) patients responding to MPP in the study. QRS
duration at follow-up reduced by 21.8 ± 13.1% and 15.0 ±
11.3% (p = 0.20) with respect to baseline in the MAX-SEP
(117 ± 19 ms) and PVL-OPT (128 ± 17 ms) groups, respec-
tively. Out of 12 non-responder patients, a mean 1.2 ± 0.5

(range 1–3) HF re-admissions occurred in 7 individuals after
CRT implantation.

3.4 Dependence of echocardiographic response
on etiology

Ischemic patients in the PVL-OPT group (N = 16) and MAX-
SEP group (N = 15) experienced similar ESV reduction (− 23
± 9% vs. − 20 ± 11%, p = 0.43) and absolute EF increase (+
10 ± 7% vs. + 11 ± 5%, p = 0.68) at 6 months relative to
BASELINE, Table 3. Non-ischemic patients in both groups
(PVL-OPT:N = 11,MAX-SEP:N = 10) also experienced sim-
ilar ESV reduction (− 20 ± 14% vs. − 21 ± 11%, p = 0.95) and
EF increase (+ 8 ± 6% vs. + 9 ± 4%, p = 0.60). CRT response
rate at 6 months was not significantly different for non-
ischemic patients in the PVL-OPT group vs. MAX-SEP group
(8/11 [73%] vs. 7/10 [70%], p = 0.48) or for ischemic patients
(12/16 [75%] vs. 14/16 [87%], p = 0.33).

3.5 Progression of echocardiographic parameters

The progression of ESVand EF throughout the study duration
is shown in Fig. 3. For both echocardiographic parameters, the
majority of improvement occurred from baseline to 3 months
(ΔEF: + 9 ± 5% [PVL-OPT], + 7 ± 7% [MAX-SEP]; ΔESV:
− 28 ± 25 mL [PVL-OPT], − 34 ± 35 mL [MAX-SEP]) with
incremental additional improvement from 3 to 6 months
(ΔEF: + 1 ± 4% [PVL-OPT], + 2 ± 6% [PVL-OPT]; ΔESV:
− 5 ± 20 mL [PVL-OPT], − 5 ± 17 mL [MAX-SEP]).

4 Discussion

To the best of our knowledge, this is the first prospective study
evaluating the role of an empirical optimization method based
on the wider distance among LV cathodes as compared to the
acute hemodynamic assessment.

A number of recent studies have evaluated the benefits of
multipoint LV pacing to acute electrical [8, 9], mechanical [10,
11], and hemodynamic [13–15] response and long-term
changes to LV remodeling and function [17–19]. While the
addition of a second LV pacing pulse may benefit patients,
questions have persisted about how to best program MPP.
Previous studies examining acute hemodynamic response
with pressure-volume loop measurements suggested an ap-
proach based on selecting cathodes with the widest separation
along the lead body with minimum delay between ventricular
pacing pulses [13, 14]. In this study, we report the results of a
prospective evaluation of long-term response in patients
assigned to receive MPP programmed based on maximum
separation (MAX-SEP group) compared to an initially en-
rolled cohort of patients receiving PV loop optimization
(PVL-OPT group). We found that patients in the two groups
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experienced a similar reduction in ESV, increase in EF, and
CRT response rate at 6 months follow-up. One might specu-
late that 6 months may not be enough to appreciate outcome
differences; however, the structural and functional changes
associated with CRT can occur as early as 3 months post-
implant and typically progress until 6 months of therapy
[25]. Beyond 6 months, a plateau is generally reached with
limited additional changes [26].

The study was not powered to properly resolve differences
in subgroups. During implant, we have tried to avoid LV lead
placement on potential scar regions, as indicated by echocar-
diography. This may provide some information on the positive
results in ischemic patients. In addition, statistical analysis
performed on such small study patients (7/10 [70%] vs. 14/
16 [87%]) prevent to draw substantial conclusions regarding
this issue.

This study supports the principle of programming MPP to
allow initial depolarization of a broad area of LV tissue by
separating two LV cathodes along the lead body as wide as
possible. The empirical group (MAX-SEP) was purposely pro-
grammed to the LV cathodes that offered the widest lead

spacing possible with adequate capture threshold and no
PNS. This resulted in an LV lead electrode spacing greater than
the PVL-OPT group yet not statistically significant (35.7 ±
12.0 vs. 31.0 ± 13.1, p = 0.18). Of note, PVL-OPT had the best
acute hemodynamic response with the maximum LV1-LV2
cathode spacing, supporting the hypothesis that wider anatom-
ical spacing between the stimulating electrodes determines a
better acute response. Reprogramming rates among the two
groups were also similar throughout the study follow-up peri-
od. For these reasons, we believe that a non-invasive program-
ming approach based on the widest separation among the cath-
odes may represent a first attempt in CRT MPP optimization.

Our previous hemodynamic study of 44 patients showed
that in 71% of patients the greatest increase in LV dP/dtMax

occurred during anMPP setting with maximized separation of
LV cathodes [13]. Other studies have supported the approach
of maximum cathode separation for MPP programming as
well. Thibault et al. showed that multipoint LV pacing with
the most distal andmost proximal LVelectrodes as cathodes as
significantly improved dP/dtMax relative to standard BiV pac-
ing with the distal electrode alone [14]. A retrospective anal-
ysis of the MPP IDE study found that patients randomized to
MPP and programmed with LV cathode spacing ≥ 30 mm and
minimum LV1-LV2 delay had a response rate of 87%, signif-
icantly higher than patients with other MPP programmed set-
tings [27].While these previous investigations have suggested
the benefit of LV cathode separation, the current study is the
first prospective, long-term demonstration of the benefit of
programming MPP by this principle. The ongoing, interna-
tional, multicenter MORE-CRT MPP study [28, 29], sched-
uled for completion on May 2019, may be able to provide
further insight into the impact of MPP on non-responders to
standard CRT.

Fig. 2 Change in
echocardiographic and clinical
parameters from BASELINE to
6-month follow-up. After
6 months, patients in the PVL-
OPT and MAX-SEP groups had
similar improvements in ESVand
EF

Table 3 Echocardiographic parameters at 6-month follow-up in non-
ischemic and ischemic patients relative to baseline characteristics

Parameter MAX-SEP PVL-OPT p value

Non-ischemic N = 10 N = 11

ΔESV (%) − 21 ± 11 − 20 ± 14 0.95

Follow-up–baseline EF + 9 ± 4 + 8 ± 6 0.60

Ischemic N = 16 N = 16

ΔESV (%) − 20 ± 11 − 23 ± 9 0.43

Follow-up–baseline EF + 11 ± 5 + 10 ± 7 0.68
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Hemodynamic optimization of MPP sites and ventricular
pacing delays by dP/dtMax did not lead to a better long-term
response in the current study compared to an empirical pro-
gramming method. While one study suggested improvement
in dP/dtMax ≥ 10% with pacing is predictive of CRT response
[30], others have found no relationship between dP/dtMax im-
provement and LV reverse remodeling [31, 32]. In the current
study, both methods of programming led to MPP configura-
tions with average LV1-LV2 spacing ≥ 30 mm. In the PVL-
OPT group, the vectors recommended by hemodynamic opti-
mization were often the same as those that would have been
selected according to the widest spacing method (21/27 [78%]
patients). Invasive measurements in the PVL-OPT group
showed that optimum dP/dtMax resulted in LV cathode selec-
tion with wide cathode spacing. The similarity in LV1-LV2
spacing among the two study groups suggests a relation be-
tween the amount of myocardium initially captured and ven-
tricular hemodynamic response, leading to a better patient
outcome. The discrete optimization at the time of implantation
should not be considered sufficient, as continuous/repeated
evaluations during the follow-up and re-optimization may fur-
ther improve the clinical response rate, particularly in case of
non-responders [33].

The overall CRT response rate by ESV decrease ≥ 15% in
this study at 6 months with MPP (77%) is in line with the

previous publications showing 3 and 12 months MPP re-
sponse rates of 77% [16] and 76% [17], respectively, and
higher than the response rate observed with conventional
CRTat 12 months (57%) or at 6 months (57%) using the same
definition [30]. Furthermore, it adds to recent reports from
other groups of long-term results with MPP. Zanon et al. re-
ported 1 year follow-up results from 110 patients undergoing
CRT implant [19]. Patients receiving MPP with electrical and
hemodynamic optimization of the LV pacing sites had a re-
sponse rate of 90% according to ESV index decrease ≥ 15%,
compared to 72% with similarly optimized conventional CRT
and 56% with conventional CRT without optimization. The
IRON-MPP registry compared response at 6 months in 232
patients at 76 Italian centers programmed to MPP “ON” or
“OFF” at the discretion of the treating physician [18]. A sig-
nificantly greater proportion of patients with MPP “ON” were
improved according to clinical composite score compared to
patients withMPP “OFF” (56% vs. 38%), andMPP activation
was an independent predictor of EF increase ≥ 5%. Finally, as
occurred in our cohort, the overall clinical CRT response rate
did not differ among the groups, thus supporting the concept
that a non-invasive programming strategy might be equivalent
over a more invasive technique. However, further multicenter
randomized trials are necessary to confirm this promising
experience.

Fig. 3 Progression of echo
parameters throughout the study
duration. Mean ESVand EF are
shown for patients in both the
PVL-OPT and MAX-SEP groups
at baseline (EF: p = 0.97, ESV:
p = 0.36), 3-month visit (EF: p =
0.46, ESV: p = 0.54), and 6-
month visit (EF: p = 0.64, ESV:
p = 0.62)
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5 Limitations

This study represents a single-center experience with a rel-
atively limited sample size. Sequential enrollment, the
small sample size, and lack of randomization may repre-
sent a limitation potentially preventing to appreciate sig-
nificant differences among the study groups, and more ro-
bust comparisons between groups with propensity score
matching could not be performed due to the limited num-
ber of patients available. Nevertheless, these findings may
suggest that the use of invasive systems in optimizing such
devices may be avoided, although future, larger random-
ized multicenter studies are needed to confirm these prom-
ising findings.

LV lead location was not optimized in each individual pa-
tient, and although the region with longest LV delays (qLV)
are relevant for optimal LV lead location, it was not consid-
ered as standard practice in the study protocol. LV stimulating
anode, AV delays, and RV lead location were also not stan-
dardized per study protocol and were left at the discretion of
the implant physician, which may also influence the results.
Patients with poor prognosis were excluded, thus potentially
overestimating CRT response rate.

Another possible limitation was the patient characterization
for etiology, which was solely based on medical history. In
ischemic patients, no scar assessment using advanced imaging
techniques (e.g., MRI) was performed, thus potentially affect-
ing CRT outcome. We tended to avoid scar regions; however,
considering the lack of advanced imaging, we cannot exclude
that in a certain percentage of patients, potentially non-re-
sponders, LV lead position corresponded to a scar area.
Therefore, comparison of anatomic separation and program-
ming based on electrical delay among patients with and with-
out scars could not be performed in this study and will be a
matter of future research.

Inter- and intra-observer variability is a known limitation of
echocardiographic measurements. In this study, a single,
blinded operator conducted all echocardiographic exams and
performed all analysis to minimize this possible limitation.
The role of acute hemodynamic optimization regarding
long-term CRT response is still under debate. PV loop analysis
has been used in this study to optimize MPP programming in
one study arm. We acknowledge that this strategy is not a
common clinical practice in all CRT devices implanting cen-
ters; its clinical benefit in the long term has been proven in
single-center experiences and not in multicenter randomized
trials. However, from our recent study, the use of PV loop
optimization has led to an increase in CRT response in MPP
patients compared to conventional biventricular pacing [17].
According to the abovementioned reasons, we have decided to
compare a simpler and non-invasive approach to a more com-
plex and invasive one, which finally resulted in similar CRT
outcomes.

6 Conclusions

CRTwith MultiPoint LV pacing improved LV reverse remod-
eling and LV function and response rate at 6 months was in
line with previous long-term MPP investigation and higher
than typically observed with conventional CRT.

An empirical MPP programming optimization by maxi-
mizing spatial separation of LV cathodes seems to offer sim-
ilar CRT response rate as compared to acute hemodynamic
optimization using PV loop. These findings might offer an
effective and simple method for programming CRT-MPP de-
vices; however, randomized multicentre studies are needed to
finally confirm these promising results.
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