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Abstract
Background: Multisite LV stimulation therapy allows for stimulation of two different
left ventricular pacing vectors within a single LV lead and may improve responsiveness to cardiac resynchronization therapy (CRT). This study prospectively evaluated
the safety and efficacy of the MultiPole Pacing (MPP) feature in CRT non-responder
patients.
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Methods and Results: CRT non-responders with a standard CRT-D indication were
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Patient Global Assessment (PGA), and adverse events were collected at follow-up. A
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ClinicalTrials.gov identifier: NCT03155724

eligible for enrollment into the MPP Sub-Study. Patient status, NYHA classification,
clinical composite score (CCS) was determined at the 6 month follow-up visit. The primary objective was defined as the proportion of patients with an improved CCS. Safety
was evaluated as freedom from MPP system related adverse events requiring additional invasive intervention to resolve. A total of 53 patients were enrolled across 26
U.S. centers. The cumulative follow-up duration was 24.1 years. CCS was improved in
35.6% of patients (p < .0001 when compared to a performance goal of 3%) after 6
months of MPP therapy. When incorporating patient feedback into a modified CCS,
60.0% of patients showed an improvement. Three patients (5.7%) experienced hospitalization for heart failure, and three patient deaths occurred over the follow-up
period. No MPP system-related events were reported for an AE-free rate of 100%
(95% CI 93.28% to 100.0%).
Conclusions: The results of this small, non-randomized study suggest that the MPP feature is safe, and may be effective at converting a percentage of CRT non-responders to
responders. Larger, randomized studies are needed to confirm this result.
KEYWORDS

cardiac resynchronization therapy, clinical composite score, CRT non-responder, heart failure,
implantable cardioverter-defibrillator, MultiPole pacing
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BACKGROUND

patients with a heart failure hospitalization were eligible for enrollment at 3 months post-implant.

Cardiac Resynchronization Therapy (CRT) is a proven treatment

Additional inclusion criteria at the time of screening for enrollment

known to improve functional status and reduce morbidity and mortal-

into the MPP Sub-Study were successful implant of CRT-D system with

ity in the indicated heart failure population.1–3 Despite this proven clin-

MPP feature (BIOTRONIK Ilivia 7 HF-T QP family CRT-D system or

ical benefit, approximately 30%-40% of patients are evaluated as non-

Acticor/Rivacor HF-T QP family CRT-D system and a Sentus LV lead;

data.4–6

BIOTRONIK, Inc.) with at least two vectors with pacing threshold ≤5.0

The reasons for CRT non-response are complex and varied7–8 ; how-

V at any pulse width without phrenic nerve stimulation and standard

ever, multisite LV stimulation has emerged as an alternate pacing

continuous biventricular (BiV) pacing from implant until MPP enroll-

modality which may improve CRT response.

ment. Exclusion criteria at the time of screening for the MPP Sub-Study

responders to CRT based on clinical and echocardiographic

This therapy allows for stimulation of two different left ventricular pacing vectors within a single LV lead, simultaneously enabling

were chronic atrial fibrillation and receiving MPP pacing prior to MPP
Sub-Study enrollment.

recruitment of a larger volume of myocardium.9–12 Recent technologi-

Once enrolled into the MPP Sub-Study, the MPP feature was pro-

cal advances have allowed for this to occur within a single, quadripolar

grammed on. MPP optimization and programming occurred per inves-

lead implanted through the coronary sinus.

tigator discretion. The MPP feature allows amplitudes and pulse widths

Prior studies have demonstrated a significant reduction in ventricu-

to be independently programmed for up to 20 different left ventric-

lar dysynchrony, as well as improvements in acute systolic function, and

ular pacing configurations and a programmable intraventricular delay

positive hemodynamic response when utilizing multisite LV stimulation

between 0 and 50 ms in 5 ms steps. In addition, the pacing sequence

therapy compared to conventional bi-ventricular pacing.9–12

order between the right and left ventricles is programmable.

However,

a consensus on the effectiveness of multisite LV stimulation remains

At 3 and 6 month follow-up visits, study specific assessments
included review for recent HF hospitalization, NYHA classification, and

unclear.
At present, nearly all prior studies evaluating multisite LV stimula13− 15

Patient Global Assessment (PGA) collection. The PGA was adminis-

and relatively

tered as a patient questionnaire and was used to provide a subjective

few data exist for outcomes realized using different algorithms. This

evaluation of how the patient’s overall status had changed since prior

manuscript reports the results on the safety and efficacy of the Mul-

to receiving CRT therapy.

tion therapy efficacy utilized a single algorithm,

tiPole Pacing (MPP) therapy algorithm in BIOTRONIK CRT-D systems
for patients evaluated as a CRT non-responder.

2.1
Adverse events and heart failure
hospitalizations
2

METHODS
Adverse events were collected for cardiovascular hospitalizations or

The MPP Sub-Study is a prospective, multicenter, single-arm, nonran-

any other hospitalizations in which cardiovascular symptoms occur and

domized trial designed to fulfill the Food and Drug Administration

events related to the MPP feature that required additional invasive

(FDA) required post approval study requirements for the US mar-

intervention to resolve. Heart failure hospitalizations were defined as

ket released BIOTRONIK MPP feature (Clinicaltrials.gov Identifier:

any hospitalization that included increased signs and/or symptoms of

NCT03155724). The MPP Sub-Study was approved by the institutional

worsening heart failure requiring the administration or augmentation

review board at each of the participating U.S. sites. All patients partici-

of intravenous or oral heart failure therapy (e.g., inotropes, diuretics,

pating in the MPP Sub-Study provided written informed consent prior

and/or vasodilators). Hospitalizations for other causes in which heart

to study procedures.

failure developed during the course of the stay were not reported.

Patients enrolled into the MPP Sub-Study were identified by the

An independent Clinical Events Committee (CEC) comprised of seven

investigator from within the QP ExCELs study general patient pop-

physicians adjudicated all protocol-defined adverse events and cardio-

ulation. QP ExCELs is a prospective, multi-center, international, non-

vascular death events.

randomized, combined pre-market study and post-approval registry to
evaluate the safety and efficacy of the Sentus QP LV lead (BIOTRONIK
SE & Co. KG, Berlin, Germany) through 5 years post-implant (Clinical-

2.2

Study objectives

trials.gov Identifier: NCT02290028). All patients included in the QP
ExCELs study had a standard CRT-D indication according to estab-

The primary objective of the MPP Sub-Study was to demonstrate that

lished guidelines and a life expectancy greater than 12 months.

the MPP feature is effective in converting a percentage of CRT non-

Patients were screened for MPP Sub-Study enrollment using a CRT

responders to responders. The objective was tested in a hypothesis for-

responder assessment during the QP ExCELs 3 and 6-month follow-up

mat to evaluate if the proportion of patients with an improved CCS at

visits. Patients were eligible for enrollment into the MPP Sub-Study at

the MPP 6 month follow-up visit was greater than the pre-determined

6 months post-implant if NYHA class had not improved or worsened,

performance goal of 3%. An improved clinical composite score (CCS)

or if a heart failure hospitalization had occurred since implant. Only

was defined as no HF hospitalization or cardiovascular death and an

3
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improved NYHA. A performance goal of 3% was chosen based on

sons included patients who declined enrollment and had MPP acti-

the assumption that any conversion of non-responders to responders

vated prior to enrollment. A study flow diagram outlining the study

was clinically relevant. A pre-specified interim analysis was conducted

population is provided in Figure 1.

when 45 patients completed the Sub-Study and using a one-side bino-

In total, 53 patients were enrolled in the MPP Sub-Study at 26 cen-

mial proportion test to determine if the rate of improvement was supe-

ters across the United States from November 15, 2017 to January 23,

rior to the performance goal.

2020. The cumulative follow-up duration for patients enrolled was 24.1

An additional predefined secondary analysis evaluated the efficacy

years with a mean follow-up duration of 0.5 ± 0.15 years. Clinical char-

of the MPP feature at the MPP 6-month follow-up visit using a mod-

acteristics of the study population at the time of enrollment are pro-

ified CCS that incorporated the PGA. An improved modified CCS was

vided in Table 1.

defined as no HF hospitalization or cardiovascular death, and improved

Among patients enrolled into the MPP Sub-Study, 42 (79.3%) com-

NYHA with unchanged PGA or improved PGA with unchanged NYHA.

pleted the MPP 6-month follow-up visit and exited the study. Seven

For analysis of all objectives, if NYHA or PGA were not collected at the

patients (13.2%) were exited prematurely due to study closure, three

6 month follow-up visit, data were utilized from the most recent follow-

patients (5.7%) were exited due to death however were incorporated

up visit, as needed.

in the interim analysis, and an additional patient (1.9%) was removed

A predefined safety objective evaluated the freedom from adverse
events requiring additional invasive intervention to resolve and related

from the study by the investigator due to resolution of phrenic nerve
stimulation with MPP programmed off.

to the MPP feature.

3.1
2.3

MPP optimization at enrollment

Statistical analysis
The MPP feature settings were optimized at enrollment per investi-

To evaluate the primary objective in a superiority format against a

gator discretion. Specifically, 22 of 53 patients (41.5%) were reported

3% performance goal with 80% power and type 1 error of 0.025,

as optimized based on LV lead electrical delay. In addition, 11 of 53

we assumed an expected 10% loss to follow-up rate and determined

patients (20.8%) were optimized based on QRS width. Additional mis-

90 patients would need to be complete the sub-study. A one-sided

cellaneous optimization methods were utilized in five of 53 patients

binomial proportion test was implemented; with an alpha spending

(9.4%), and were chosen based on anatomical separation, thresholds,

function16 incorporated to make adjustments on alpha for the interim

or phrenic nerve stimulation. The MPP feature settings were not opti-

analysis. Boundaries were computed based on the O’Brien-Fleming

mized in 16 of 53 patients (30.2%), and no investigators used echocar-

method, and the MPP Sub-Study was to be terminated early if the evi-

diography to optimize MPP.

dence of benefit reached a significance of p < .0026. Due to the conservative alpha spending for the interim analysis, the threshold for determining significance at the final analysis was impacted minimally, with a

3.2

Study efficacy objective results

final nominal p-value required for significance being .0224.
Patients were analyzed on an intention-to-treat (ITT) basis where

A total of 45 patients either completed the MPP Sub-Study or expe-

the ITT patient population consisted of all patients enrolled in the MPP

rienced a cardiovascular death and were included in the analysis of

Sub-Study with MPP initially programmed ON. Baseline characteris-

the efficacy objectives. After 6-month of MPP therapy, 16 patients

tics were reported as means with standard deviation (SD) and cate-

(35.6%) considered non-responders to standard bi-ventricular pacing

gorical variables were presented as frequencies with percentages. The

presented with an improved CCS (p-value < .0001 when compared to

adverse event-free rate calculated for the safety objective was based

3% performance goal, meeting the pre-specified interim analysis signif-

on the total number of patients with at least one MPP related adverse

icance level). When evaluating MPP efficacy using a modified CCS that

event requiring additional invasive intervention to resolve. All statis-

incorporates PGA, 27 patients (60.0%) demonstrated an improvement.

tical analyses were conducted using SAS 9.4 (SAS Institute, Cary, NC,

A summary of the primary and secondary objectives is provided below

USA).

in Table 2.
Patients with worsened CCS or modified CCS experienced cardiovascular death (three patients) or a heart failure hospitalization during

3

RESULTS

the MPP Sub-study (three patients). An additional patient had a worsening PGA classification. Overall, 18 patients (42.9%) were classified

A total of 908 patients implanted with a CRT-D device were screened

as having an NYHA improvement of one or two classes, and 24 patients

for enrollment into the MPP Sub-Study. The most frequent reasons

(57.1%) classified as having no change in NYHA. No patient had a wors-

patients were not enrolled included patients implanted with an inel-

ened NYHA.

igible device not equipped with the MPP feature, patients classified

The factors influencing responsiveness to CRT after 6 months

as a CRT responder, and patients who did not meet all of the MPP

of MPP therapy are provided in Figure 2. Increased responsiveness

Sub-Study Inclusion/Exclusion criteria. Additional screen failure rea-

was observed for female patients, patients with a non-ischemic heart

4
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QP ExCELs/MPP sub-study design flowchart

3.3
Adverse events and heart failure
hospitalizations
When all adverse events, including cardiovascular and heart failure
hospitalizations, were evaluated, seven patients (13.2%) had a total of
11 adjudicated adverse events. Overall, there were nine events adjudicated as a cardiovascular hospitalization. Three patients (5.7%) had
a total of three heart failure hospitalizations, while one patient (1.9%)
accounted for four non-heart failure hospitalization events. Three of
the four events occurred as a result of multiple complications sustained
during a hospitalization for symptomatic atrial fibrillation. One patient
F I G U R E 2 Proportion of patients responsive to MPP therapy at 6
months follow-up. Error bars are displayed as 95% confidence
intervals

(1.9%) also had both a heart failure hospitalization event and a nonheart failure hospitalization event. The remaining two events were collected and adjudicated to be non-system related/non protocol-defined
events.
There were no reported MPP system related adverse events requiring additional invasive intervention to resolve. The AE-free rate for

failure etiology, patients with a QRS >= 150 ms, and patients with a left

safety of the MPP feature was 100% (95% CI 93.28% to 100.00%) over

bundle branch block (LBBB). Additionally, five of six patients (83.3%)

the duration of the MPP Sub-Study.

with a worsened CCS did not have an LBBB recorded on EKG within
6 months prior to enrollment in the QP ExCELs study. Moreover, four
out of the six patients (66.7%) with a worsened CCS had an underly-

3.4

MPP programmed off

ing atrial dysrhythmia (atrial fibrillation/flutter or sinus tachycardia)
recorded on an EKG within 6 months prior to enrollment in the QP

During the follow-up period, the MPP feature remained activated for

ExCELs study.

88.7% of the patients. Reasons for programming MPP off included

5
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TA B L E 1
enrollment

Clinical characteristics of the study population at

phrenic nerve stimulation, an MPP programming incompatibility, the
need to assess patient response after a lead revision and conserve bat-

Results

tery life, and, for three patients, a lack of clinical benefit and/or wors-

Variable

(n = 53)

ening of clinical symptoms. As reported by the site, MPP was turned

Male, n (%)

42 (79.2%)

Age, years

69.3 ± 12.13

Body mass index (kg/m2 )

31.9 ± 6.43

NYHA Class I

0 (0.0%)

NYHA Class II

19 (35.8%)

back on for one patient approximately 2 weeks after being turned off;
however, the reason for turning MPP back on is not known.

3.5

Efficacy of MPP

NYHA Class III

33 (62.3%)

This is the first report of post approval study results for the MPP

NYHA Class IV

1 (1.9%)

feature. Our results demonstrate the safety of the MPP feature, and

LVEF, %

28.8 ± 8.55

suggest that MPP may be used to convert a percentage of CRT nonresponders to responders over 6 months of follow-up.

HF etiology, n (%)
Ischemic

28 (52.8%)

Non-ischemic

25 (47.2%)

ICD Implant Indication, n (%)

This trial utilizes two definitions of responder status, a CCS and
a modified CCS that incorporates patient reported assessment (i.e.,
PGA). The study findings were that 35.6% of patients showed improvement in CSS status, which increased to 60.0% using a modified CCS.

Primary Prevention

47 (88.7%)

The primary objective was met, as the MPP Sub-Study demonstrated

Secondary Prevention

6 (11.3%)

a superior responder improvement rate (35.6%) compared to the performance goal (3%), and was driven by clinical improvements in NYHA

Electrocardiographic data
Left bundle branch block, n (%)

25 (47.2%)

class, and relatively few heart failure hospitalizations and cardiovascu-

Right bundle branch block, n (%)

12 (22.6%)

lar death events. Importantly, the MPP Sub-Study was non-randomized

AV block 1st, n (%)

10 (18.9%)

AV block 2nd, n (%)

2 (3.8%)

AV block 3rd, n (%)

1 (1.9%)

QRS duration (ms)

145.1 ± 25.66

Comorbidities, n (%)

and did not account for delayed responders to CRT when defining the
performance goal of 3%. Although these findings suggest a percentage
of patients may benefit from MPP therapy, the percent of improvement
directly attributable to the MPP feature could not be evaluated without the presence of a control group. Therefore, a larger, randomized
trial is needed to corroborate findings related to effectiveness of the

HTN

47 (88.7%)

Diabetes

23 (43.4%)

Rates of responder conversion cited in previous literature can vary

CAD

34 (64.2%)

considerably.13,15,17 Our modified CCS results are consistent with

TIA/Stroke

3 (5.7%)

Valvular disease

9 (17.0%)

COPD

7 (13.2%)

Medications, n (%)

MPP feature.

previously reported responder conversion rates using a CCS with a
PGA. Specifically, the MultiPoint Pacing trial demonstrated a similar
6-month non-responder to responder conversion rate (26/45, 57.8%)
using a CCS with a Quartet LV lead and Quadra CRT-D system (Abbott,
Sylmar, California, USA).14 A higher responder conversion rate was

Diuretics

37 (69.8%)

demonstrated when incremental-responders were included; however,

Beta blockers

47 (88.7%)

these patients were excluded from our study, and are not considered

Ca ++ channel blockers

5 (9.4%)

here. Similarly, the IRON-MPP study demonstrated an improvement

ACEi

17 (32.1%)

in 56% of patients utilizing multisite LV stimulation.13 Differences in

ARB

24 (45.3%)

study population, timelines, PGA design, and outcome measures used

Amiodarone

6 (11.3%)

Digitalis

0 (0.0%)

Abbreviations: ACEi, ace inhibitor; ARB, angiotensin II receptor blocker; AV,
atrioventricular; CAD, coronary artery disease; COPD, chronic obstructive
pulmonary disease; HF, heart failure; HTN, hypertension; ICD, implantable
cardioverter defibrillator; LVEF, left ventricular ejection fraction; NYHA,
New York Heart Association; TIA, transient ischemic attack.
Values are given as mean ± SD or n (%) unless otherwise indicated.

make it difficult to compare responder conversion rates cited in previous trials, and highlight a need for a universally accepted definition for
CRT responder.

3.6

Factors influencing response

The factors influencing patient responsiveness to multisite LV stimulation therapy are relatively unknown and evidence about whether nonresponders to conventional CRT will benefit more from multisite LV

6
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TA B L E 2

Responder status after 6-month of MPP therapy
Number of patients (N = 45)

Proportion of patients (%)

CCS responder status (Incorporates NYHA, HF hospitalization, and cardiovascular death)
Improved

16

35.6%

Unchanged

23

51.1%

Worsened

6

13.3%

Modified CCS responder status (Incorporates NYHA, PGA, HF hospitalization, and cardiovascular death)
Improved

27

60.0%

Unchanged

11

24.4%

Worsened

7

15.6%

stimulation therapy is conflicting.13,18–19 In this trial, a trend toward

to conventional CRT, based on the magnitude of LV pacing capture

improved patient responsiveness to MPP therapy was observed in

thresholds used (Reference). Regardless of the exact decrease in bat-

patients with LBBB, QRS duration ≥150 ms, female gender, and a non-

tery longevity, these limitations should be anticipated and carefully

ischemic heart failure etiology. These factors appear consistent with

considered in the clinical decision making process when evaluating

factors previously identified as influencing patient responsiveness to

whether multisite LV stimulation therapy should be initiated.

conventional CRT20–22 ; however, large, randomized trials are required
to definitively confirm the independent predictors for multisite LV
stimulation therapy response.

3.8

MPP programming

Sub-optimal CRT response has been addressed extensively in

3.7

Barriers to MPP therapy utilization

literature8,23–24 ; however relatively few data exist to define optimal programming for the multisite LV stimulation. In the present

Several well-known barriers to full utilization of multisite LV stimu-

trial, no improvement in responder conversion was realized between

lation therapy include the occurrence of phrenic nerve stimulation,

patients with MPP programming optimized and those patients with-

decrease in battery longevity, and inability to program two pacing vec-

out a strategy for MPP optimization. This result is surprising since

tors with an adequate threshold. In the present trial, extracardiac stim-

MPP was most frequently optimized based on the LV lead electrical

ulation was identified by investigators most frequently. In total, there

delay, a method which has shown considerable promise in previous

were five patients (9.4%) who experienced phrenic nerve stimulation,

studies.25–27 The reason for why a benefit was not seen in our study

four of whom had resolution with device reprogramming. One (25.0%)

population is unclear, and highlights a significant clinical challenge

could not be resolved with a vector change or decrease in LV outputs,

in finding an ideal combination of programming plus lead placement

and the MPP feature was disabled. Additional reasons for the MPP fea-

which may vary considerably across patient populations.

ture to be turned off during the study were a need to assess patient

Small, prospective studies have demonstrated a hemodynamic ben-

response to conventional bi-ventricular pacing after a lead revision,

efit when a strategy of wide anatomical spacing between the LV elec-

incompatibility with other desired programming, and a perceived lack

trodes is employed.9,11,28 Moreover, in the largest randomized trial

of clinical benefit.

to date, the more response on cardiac resynchronization Therapy

Although the MPP Sub-Study did not directly evaluate battery

with MultiPoint Pacing (MORE-CRT MPP) trial Phase I results demon-

longevity, a sub-analysis of 183 subjects within the IRON-MPP study

strated no difference in responder conversion rate between multisite

demonstrated that consistent multisite LV stimulation activation was

LV stimulation and bi-ventricular pacing (31.8% and 33.8%, p = .72)

associated with a mean 0.58 year reduction (-9.0%) in battery longevity

over 6 months of follow-up.15 Importantly, a significantly higher con-

when compared to subjects only receiving LV stimulation at a sin-

version rate was observed in a smaller post-hoc analysis of 68 patients

gle site (Reference). Similarly, findings from the MORE-CRT MPP

who received multisite LV stimulation programmed with a wide

trial suggest a decrease in battery longevity of approximately 15%

anatomical separation between the LV pacing electrodes (> =30 mm),

when devices are programmed at “nominal settings” (Reference). Exact

and short ventricular timing delays, and illustrate a need for additional

percent decreases in battery longevity are difficult to quantify, as

data to further understand the impact programming optimization may

power demands may vary considerably based on pacing amplitudes and

have on responder status.

thresholds, the programmed base rate, remote monitoring settings,

For this sub-analysis, subjects were stratified into three cohorts

and shock therapy received. At least one prior publication demon-

based on the anatomical distance between the LV cathodes at enroll-

strated high variation in rates of battery longevity reduction (between

ment: Subjects with an intercathode separation of 36 or 46 mm were

5.6% and 21.3%) with multisite LV stimulation therapy when compared

considered to have a wide anatomical spacing (MPP-WID, N = 20),

7
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TA B L E 3

Responder conversion status after 6 months of MPP therapy for MPP-NAR, MPP-MOD and MPP-WID cohorts
MPP-NAR N = 9 (N, %)

MPP-MOD N = 16 (N, %)

MPP-WID N = 20 (N, %)

Improved

2, 22.2%

7, 43.7%

7, 35.0%

Unchanged

5, 55.6%

9, 56.3%

9, 45.0%

Worsened

2, 22.2%

0, 0.0%

4, 20.0%

subjects with an intercathode separation of 15, 21, or 25 mm were con-

responders to responders after 6 months of therapy. There were no

sidered to have a moderate anatomical spacing (MPP-MOD, N = 16),

reported MPP system related adverse events requiring invasive inter-

and subjects with an intercathode separation of 10 mm or less were

vention, and reprogramming resolved the majority of the observed

considered to have a narrow anatomical spacing (MPP-NAR, N = 9). All

extracardiac stimulation events. Due to the non-randomized study

subjects were evaluated on an intent-to-treat basis. Responder status

design, the impact the MPP feature had on percentage of responders

using the primary endpoint one responder assessment for each cohort

versus late-responders or other changes to medical care is unclear.

is provided in Table 3.

Therefore, a larger, randomized trial is needed to corroborate find-

In Table 3 above, the narrow anatomical spacing cohort (MPPNAR) had the lowest percent of subjects with an improved classifi-

ings that use of the MPP feature leads to an increased responder
status.

cation. Interestingly, the moderate anatomical spacing cohort (MPPMOD) had the highest percent of improved subjects and lowest per-
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der conversion rates. In addition, patients were not blinded to utilization of the MPP feature which could have biased PGA responses
and modified CCS responder conversion rates. Lastly, some physicians
empirically enable multisite LV stimulation at implant prior to evaluating a response to bi-ventricular pacing. Since these results were col-
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lected for patients with an unchanged or worsened NYHA after receiving bi-ventricular pacing, they may not be generalizable to all subjects
receiving multisite LV stimulation.
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CONCLUSIONS

Our results demonstrate the safety of the MPP feature, and suggest
that MPP may be effective at converting a percentage of CRT non-
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