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OBJECTIVES The aim of this study was to test the hypothesis that a quadripolar left ventricular (LV) lead results in fewer

LV lead–related events than a bipolar cardiac resynchronization therapy (CRT) system in a prospective randomized trial.

BACKGROUND Bipolar LV leads cannot be implanted at the optimal site in up to 10% of patients who need CRT,

because of anatomic or technical challenges (pacing threshold, phrenic stimulation, or mechanical instability).

METHODS The MORE-CRT (More Options Available With a Quadripolar LV Lead Provide In-Clinic Solutions to CRT

Challenges) trial enrolled 1,078 patients. Patients with indications for CRT defibrillator therapy were randomized into

2 groups in a 1:2 ratio: a group with a bipolar CRT lead system (the BiP group; any manufacturer) and a group with a

quadripolar CRT system (the Quad group; Quartet LV lead). The primary endpoint was freedom from a composite

endpoint of intraoperative and post-operative LV lead–related events at 6 months.

RESULTS A total of 1,074 of 1,078 patients (99%) were randomized and contributed to the primary endpoint. Freedom

from the composite endpoint was significantly greater in the Quad than the BiP group (83.0% vs. 74.4%, p ¼ 0.0002).

The intraoperative component of the endpoint was met less frequently by Quad group patients (6.26% Quad vs. 12.1%

BiP), whereas there was no difference for the post-operative component (7.1% Quad vs. 7.6% BiP).

CONCLUSIONS The Quartet LV system significantly reduced total LV lead–related events at 6 months after implan-

tation compared with a bipolar CRT system. The reduction in events demonstrates the superiority of this quadripolar

technology to effectively manage CRT patients. (More Options Available With a Quadripolar LV Lead Provide In-Clinic

Solutions to CRT Challenges [MORE-CRT]; NCT01510652) (J Am Coll Cardiol EP 2016;2:212–20)
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AB BR EV I A T I O N S

AND ACRONYM S

BiP = bipolar left ventricular

lead group

CRT = cardiac

resynchronization therapy

CS = coronary sinus

HF = heart failure

LV = left ventricular

MLWHFQ = Minnesota Living

With Heart Failure

Questionnaire

PNS = phrenic nerve

stimulation

QoL = quality of life

Quad = quadripolar Quartet

left ventricular lead group
C ardiac resynchronization therapy (CRT) is a
recognized and rapidly expanding therapy
for heart failure (HF) that has been shown to

produce significant clinical benefits, including
reduced mortality, fewer HF hospitalizations, and
improved symptoms and quality of life (QoL) (1–7).
CRT is achieved by pacing both a right ventricular
lead and a left ventricular (LV) lead, which is usually
placed in a tributary of the coronary sinus. Improve-
ments in LV lead technology over the past decade
have been driven by the need for leads to be placed in
stable locations with adequate pacing thresholds and
the absence of phrenic nerve stimulation (PNS).
Despite improvements, challenges remain in consis-
tently situating the lead in the target vein with both a
stable position and an acceptable pacing threshold.
Furthermore, LV leads that are displaced over time
potentially lead to increased pacing thresholds, PNS,
or hemodynamically suboptimal pacing sites (8–13).
These complications may require lead repositioning,
or they may sometimes be mitigated by post-
implantation reprogramming of the LV pacing vector
(13). However, an additional invasive procedure may
be necessary to physically reposition the lead, with a
high risk for complications in revision of CRT devices
(14), or a surgical proceduremay be required to implant
an LV lead on the epicardium. When further invasive
procedures (implant revision) are difficult or contrain-
dicated, it may be necessary to abandon LV pacing and
therefore CRT.

Recently, a novel quadripolar LV lead (Quartet, St.
Jude Medical, St. Paul, Minnesota) has been intro-
duced that has 1 distal tip electrode and 3 ring elec-
trodes at positions along the lead progressively more
proximal from the distal tip and can be programmed
to pace the left ventricle in any of 10 different vectors.
Several observational studies have shown that the
implantation of this quadripolar LV lead has been
successful in $95% of patients and has been associ-
ated with low rates of lead dislodgment and PNS
(15–19). Therefore, the MORE-CRT (More Options
Available With a Quadripolar LV Lead Provide
In-Clinic Solutions to CRT Challenges) randomized
clinical trial was designed to prospectively compare
LV lead–related events through 6 months of follow-up
in patients implanted with the Quartet-based CRT
system versus any bipolar CRT system.

METHODS

PATIENTS. MORE-CRT was a prospective, randomized,
parallel, multicenter, open-label trial (NCT01510652)
conducted at 63 centers in 13 countries. Selection of
centers was based on previous experience in CRT
and quadripolar lead implantation. This study
is the first large randomized controlled trial
with direct comparison between quadripolar
and bipolar CRT.

Patients were included if they had con-
ventional indications for the implantation of
a CRT defibrillator, were $18 years of age,
and had life expectancies $12 months. Pa-
tients were excluded if, within 4 weeks
before enrollment, they had myocardial in-
farctions, unstable angina pectoris, or coro-
nary artery bypass grafting. In addition,
patients were excluded if they were pregnant
or had uncorrected primary valvular disease.
All patients provided written informed con-
sent, and the study was approved by the
institutional ethics committee of each center.
Patients were randomized into 1 of 2 groups in a
1:2 ratio: a group with a bipolar CRT-D system (pas-
sive-fixation LV lead; the BiP group) and a group with
a quadripolar CRT-D system (Quartet LV lead; the
Quad group). The BiP group was furthermore ran-
domized in a 1:2 ratio to bipolar leads from St. Jude
Medical or from other manufacturers (Figure 1).
Initial clinical experiences with the Quartet quad-
ripolar LV lead system have been reported (17). After
successful implantation, patients were observed
before hospital discharge and at 3 and 6 months post-
implantation.

PRIMARY ENDPOINT. The primary endpoint of the
study was freedom from a composite endpoint of
intraoperative and post-operative events through 6
months after implantation. Intraoperative events
included implant failure for any reason; change to a
different tributary vein of the coronary sinus after
target site evaluation; use of more than 1 LV lead
during the procedure; and use of any device (e.g., a
stent) to actively fix the lead because of PNS,
mechanical lead instability, or high pacing threshold.
A lead position was considered unstable when the
implanting physician chose to take extra measures to
avoid acute or possible future dislodgements.

Post-operative events were defined as any serious
adverse device event related to the LV lead and aban-
doning CRT for any reason. An LV lead–related serious
adverse device event was defined as an adverse event
related to the LV lead that required hospitalization or
medical or surgical intervention or resulted in death or
serious deterioration in the health of a patient. All
events were classified by the reporting investigator if
the events were LV-related serious adverse device
events before submission to the sponsor. All events
were further assessed by trained personnel from the

https://clinicaltrials.gov/ct2/show/NCT01510652


FIGURE 1 Study Flowchart

A flow diagram of patients enrolled in the MORE-CRT (More Options Available With a

Quadripolar LV Lead Provide In-Clinic Solutions to CRT Challenges) study. BiP ¼ bipolar

left ventricular lead group; FU ¼ follow-up; LV ¼ left ventricular; pts ¼ patients; Quad ¼
quadripolar Quartet left ventricular lead group; SJM ¼ St. Jude Medical.
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sponsor’s safety team who were not involved in the
study.

Additional analyses were performed among pa-
tients who underwent successful implantation to
compare the number of LV lead positions that were
not evaluated as satisfactory because of PNS and the
PNS safety margin, defined as the difference between
PNS threshold and LV pacing threshold.

SECONDARY ENDPOINTS. The intraoperative sec-
ondary endpoints included procedure duration
(skin to skin), fluoroscopy time, the need to reposition
the lead within the same vein (after unsatisfactory
lead site evaluation), and the need to program the LV
pacing amplitude to <1 V higher than the measured
pacing threshold. Other secondary endpoints included
freedom from hospitalization for HF and CRT system
hospitalization through 6 months of follow-up, the
percentage of CRT responders (defined as a reduction
in LV end-systolic volume of $10% between baseline
and 6 months), survival from all-cause mortality at
6 months, and improvement in QoL between baseline
and 6-month follow-up (defined as a decrease of at
least 5 points in the Minnesota Living With Heart
Failure Questionnaire [MLWHFQ] score or a positive
change of status on the EQ-5D test). QoL was assessed
with the MLWHFQ and EQ-5D.

STATISTICAL ANALYSIS. To test the hypothesis that
the Quartet quadripolar LV lead is superior to bipolar
LV leads in terms of freedom from the composite
endpoint and to achieve 90% power at a significance
level of 5% with a randomization ratio of 1:2, it was
estimated that 1,006 patients (336 patients in the BiP
group and 670 patients in the Quad group) would be
needed. Taking into account a dropout rate of 5%, it
was further estimated a total of 1,062 patients should
be enrolled in the study (354 patients in the BiP group
and 708 in the Quad group).

The primary endpoint analysis was based on the
intention-to-treat principle. Patients who were with-
drawn from the study before implantation and those
who had incomplete data for the intraoperative
endpoint were imputed as failure at time of implan-
tation. Sensitivity analysiswas performed to assess the
robustness of the results. Event rates for time-to-event
endpoints were based on Kaplan-Meier estimation.
The log-rank test was used to compare the primary
outcome between the 2 groups as well as for the post-
hoc subgroup analysis. The impact of subgroup
covariate and its interaction with the treatment was
analyzed using Cox proportional hazard regression.
The assumption for proportional hazards was
confirmed for each covariate in the Cox proportional
hazard model. Continuous variables are summarized
as mean � SD, and categorical variables are reported
as frequencies or percentages. Continuous variables
were compared using unpaired Student t tests or
Wilcoxon rank sum tests if the data were not normally
distributed. Categorical variables were compared
using chi-square tests or Fisher exact tests if >25%
of the cells in the contingency table had expected
frequencies <5. A p value <0.05 was considered to
indicate statistical significance for all analyses. Sta-
tistical analyses were performed using SAS software



TABLE 1 Baseline Demographic, Echocardiographic, and

Electrocardiographic Variables
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version 9.2 (SAS Institute Inc., Cary, North Carolina)
by the study sponsor and validated per sponsor
procedures.
BiP
(n ¼ 348)

Quad
(n ¼ 718) p Value

Age (yrs) 68.4 � 9.7 67.6 � 10.2 NS

Men 274 (78.7) 545 (75.9) NS

NYHA functional class

II 113 (32.5) 247 (34.4) NS

III 219 (62.9) 448 (62.4) NS

IV 16 (4.6) 23 (3.2) NS

LVEDV (ml) 204.5 � 72.0 200.4 � 74.9 NS

LVESV (ml) 149.0 � 58.3 151.2 � 64.0 NS

LVEF (%) 27.5 � 8.1 27.1 � 7.6 NS

QRS duration (ms) 157 � 27 158 � 29 NS

Arrhythmia history

Atrial fibrillation 58 (16.7) 114 (15.9) NS

Atrial flutter 7 (2.0) 21 (2.9) NS

AV block (%)

None 242 (69.5) 484 (67.4) NS

First-degree block 62 (17.8) 138 (19.2) NS

Second-degree block
(Mobitiz 1)

1 (0.3) 2 (0.3) NS

Second-degree block
(Mobitiz 2)

1 (0.3) 2 (0.3) NS

Third-degree block 18 (5.2) 37 (5.1) NS

Other findings

None 59 (16.9) 133 (18.5) NS

LBBB 252 (72.4) 501 (69.8) NS

RBBB 17 (4.9) 41 (5.7) NS

LAFB 4 (1.1) 10 (1.4) NS

Other 14 (4.0) 28 (3.9) NS

Coronary artery bypass
graft

82 (23.6) 120 (16.7) 0.0074

Values are mean � SD or n (%).

AV ¼ atrioventricular; BiP ¼ bipolar left ventricular lead group; LAFB ¼ left
anterior fascicular block; LBBB ¼ left bundle branch block; LVEDV ¼ left ven-
tricular end-diastolic volume; LVEF ¼ left ventricular ejection fraction;
LVESV ¼ left ventricular end-systolic volume; NYHA ¼ New York Heart Associa-
tion; Quad ¼ quadripolar Quartet left ventricular lead group; RBBB ¼ right bundle
branch block.
RESULTS

A total of 1,078 patients were enrolled between
November 2011 and August 2013 at 63 centers in 13
countries; 1,074 patients were randomized either to
the BiP group (n ¼ 355 [32.9%]) or to the Quad group
(n ¼ 719 [66.7%]). Of the 1,078 patients, 1,018 under-
went successful implantation (including multiple at-
tempts), and complete 6-month follow-up visits were
achieved for 915 patients (84.9%). There was no sig-
nificant difference between the 2 groups with regard
to the proportion of patients who withdrew before the
primary endpoint visit (6.9% in the Quad group vs.
9.6% in the BiP group, p ¼ 0.12) (Online Table 1).

Baseline data were obtained in 1,066 patients
(98.8%). The average age at baseline was 67.9 � 10.1
years, and 76.8% were men. The baseline LV ejection
fraction was 27.2 � 7.7%, and 33.8%, 62.6%, and 3.6%
were in New York Heart Association functional clas-
ses II, III, and IV, respectively. The average baseline
QRS duration was 157 � 28 ms. There were no dif-
ferences in the demographic, echocardiographic, or
electrocardiographic variables between the 2 groups
(Table 1). There was a slightly greater prevalence of
ischemic heart disease in the BiP group than the Quad
group (56.3% vs. 49.2%, p ¼ 0.0283) (Table 2). The
higher prevalence of ischemic heart disease in the BiP
group may have accounted for a higher percentage of
patients with histories of coronary artery bypass
grafting than in the Quad group (23.6% vs. 16.7%,
p ¼ 0.0074). Histories of other cardiac procedures,
including percutaneous coronary intervention, athe-
rectomy, and valvular repair or replacement, were
not significantly different between the 2 groups. In
addition, there was no difference in baseline medi-
cation use between the 2 groups (Online Table 2).

PRIMARY ENDPOINT. Of the 1,078 enrolled patients,
1,074 (99%) were randomized and contributed to the
primary composite endpoint analysis. Figure 1 repre-
sents the flow diagram of the enrolled patients. Of
these 1,074 patients, 1,052 underwent implantation,
and 22 did not because of early termination (including
2 who died before implantation, 4 who withdrew
informed consent, and 5 who were withdrawn by the
study investigators). The composite event occurred in
113 patients in the Quad group and 88 patients in the
BiP group. Freedom from the composite endpoint was
significantly greater in the Quad group than the BiP
group (n ¼ 1,074, 83.0% vs. 74.4%, p ¼ 0.0002)
(Figure 2). With a hazard ratio of 0.61 (95% confidence
interval: 0.46 to 0.80) for the Quad group compared
with the BiP group, the hazard that a patient would
progress to a composite event at a time point was less
for patients in the Quad group by 39%. The analysis
of the best-case scenario (assuming that patients
with missing endpoint data did not experience fail-
ures) showed superiority of the Quartet lead
(p ¼ 0.0038). Furthermore, the results of the analysis
of available cases (excluding patients with missing
endpoint data from the analysis) were consistent
with those of the primary analysis (p ¼ 0.0026).
Therefore, the sensitivity analysis demonstrated
consistently better outcomes for the Quartet lead
regardless of how the cases with missing values were
considered.

The number of patients meeting the intraopera-
tive LV lead–related component of the composite

http://dx.doi.org/10.1016/j.jacep.2015.10.004
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TABLE 2 Heart Failure Etiology at Baseline

Etiology
BiP

(n ¼ 348)
Quad

(n ¼ 718) p Value

Ischemic HF 196 (56.3) 353 (49.2) 0.0283

CAD without MI 62 (17.8) 112 (15.6) NS

CAD with MI 135 (38.8) 240 (33.4) NS

Unstable angina 0 (0) 5 (0.7) NS

Other 3 (0.9) 3 (0.4) NS

Nonischemic HF 152 (43.7) 365 (50.8) 0.0283

Dilated CMP 66 (19.0) 155 (21.6) NS

Idiopathic CMP 65 (18.7) 131 (18.2) NS

Hypertrophic CMP 3 (0.9) 13 (1.8) NS

Nonobstructive HCM 4 (1.1) 8 (1.1) NS

Hypertensive 9 (2.6) 25 (3.5) NS

Valvular 8 (2.3) 31 (4.3) NS

Other 16 (4.6) 32 (4.5) NS

Values are n (%). Patients with ischemic HF and nonischemic heart disease could
be classified into more than 1 subcategory.

CAD ¼ coronary artery disease; CMP ¼ cardiomyopathy; HCM ¼ hypertrophic
cardiomyopathy; HF ¼ heart failure; MI ¼ myocardial infarction; Other abbrevia-
tions as in Table 1.

Boriani et al. J A C C : C L I N I C A L E L E C T R O P H Y S I O L O G Y V O L . 2 , N O . 2 , 2 0 1 6

The Quartet Lead Decreases Complications A P R I L 2 0 1 6 : 2 1 2 – 2 0

216
endpoint was lower in the Quad group than the BiP
group (n ¼ 1,074, 6.3% vs. 12.1%). A detailed list of
all intraoperative events is shown in Table 3. This
result was driven mainly by implant failure rate as
well as reported events due to PNS, high pacing
threshold, or mechanical instability. Once the coro-
nary sinus was cannulated, implant-related failures
FIGURE 2 Primary Endpoint

Kaplan-Meier survival curves in the quadripolar lead group and the bipo

shows freedom from the composite endpoint (cumulative survival). BiP

quadripolar Quartet left ventricular lead group.
were consistently lower for the Quad group than the
BiP group. In addition, intraoperative events related
to PNS, high pacing threshold, or mechanical insta-
bility were also in favor of the Quad group. In
particular, the use of more than 1 LV lead to conclude
the implantation and change to a different vein were
more prevalent in the BiP group (n ¼ 1,052, 1.3% vs.
5.3% and 1.7% vs. 3.2%, respectively).

There was no difference in the number of patients
meeting the post-operative component of the com-
posite endpoint between the Quad group and the BiP
group (n ¼ 1074, 7.1% vs 7.6%, respectively).

Among patients who underwent successful
implantation and were evaluated for PNS, the pro-
portion of patients with rejected lead positions due to
PNS was significantly lower in the Quad group than
the BiP group (n ¼ 992, 2.5% vs 8.8%, p < 0.0001).
Furthermore, among patients with unacceptable
positions due to PNS (n ¼ 45), patients in the Quad
group had a greater PNS safety margin. Specifically, in
the Quad group, 10 of 17 patients (58.9%) had safety
margins >2 V, whereas only 8 of 28 (28.6%) had this
safety margin in the BiP group (p ¼ 0.0208). Finally,
the overall average safety margin was significantly
higher in the Quad group than the BiP group (4.5 � 3.3
vs. 1.9 � 3.2 V, p ¼ 0.0279).

ADDITIONAL ANALYSIS. Post-hoc analysis was per-
formed to examine the effect of HF etiology on the
lar lead group. The x-axis shows months of follow-up, and the y-axis

¼ bipolar left ventricular lead group; LV ¼ left ventricular; Quad ¼



TABLE 3 Detailed List of All Intraoperative Events

Intraoperative Event
BiP

(n ¼ 342)
Quad

(n ¼ 710)
Total

(n ¼ 1,052)

Implant failure

Unable to cannulate CS 2 (0.6) 13 (1.8) 15 (1.4)

Unable to proceed within CS 3 (1.0) 0 (0) 3 (0.3)

Unable to reach the target vein
and no other possible veins

5 (1.6) 2 (0.3) 7 (0.7)

Unable to reach any vein 1 (0.3) 1 (0.1) 2 (0.2)

No stable position found 1 (0.3) 0 (0) 1 (0.10)

Persistent SVC 1 (0.3) 2 (0.3) 3 (0.3)

Other 3 (0.9) 7 (0.9) 10 (0.9)

Total 16 (4.7) 25 (3.5) 41 (3.9)

Due to PNS, high pacing threshold,
or mechanical instability

Change to a different vein 11 (3.2) 12 (1.7) 23 (2.2)

Use more than 1 LV lead 18 (5.3) 9 (1.3) 27 (2.6)

Use of a device to fix the lead 0 (0) 1 (0.14) 1 (0.10)

Total 29 (8.5) 22 (3.1) 51 (4.85)

Values are n (%). Note that for the 3 categories “Change to a different vein,” “Use
more than 1 LV lead,” and “Use of a device to fixate the lead,” multiple choices are
possible (i.e., change of vein and change of LV lead model).

CS ¼ coronary sinus; LV ¼ left ventricular; PNS ¼ phrenic nerve stimulation;
SVC ¼ superior vena cava; Other abbreviations as in Table 1.
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study outcome. The primary endpoint results, strati-
fied by ischemic or nonischemic HF, showed no sig-
nificant interaction between etiology and treatment
(p ¼ 0.86), and the results remained unaffected.
Specifically, in patients with ischemic HF, freedom
from the composite endpoint was significantly
greater in the Quad group than the BiP group (83.0%
vs 75.8%, p ¼ 0.0162). Similarly, freedom from the
composite endpoint in patients with a nonischemic
HF etiology was greater in the Quad group than the
BiP group (83.2% vs 76.0%, p ¼ 0.0504) (Figure 3,
Online Table 3).

The percentage of patients who responded to CRT
at 6 months was 61.9% in the Quad group compared
with 56.0% in the BiP group; however, this difference
was not statistically significant (p ¼ 0.1334). In addi-
tion, the percentage of patients who had improve-
ments in QoL (according to the MLWHFQ and EQ-5D)
between baseline and 6 months was 64.6% in the
Quad group and 58.9% in the BiP group, although this
difference was also not statistically significant
(p ¼ 0.1179). Although numbers were in favor of
the Quad group, the analysis of this secondary
endpoint showed no difference between the 2 groups
in terms of percentage of CRT responders, percentage
of patients with >90% biventricular pacing at 6
months, implantation procedure duration, fluoros-
copy time, repositioning the lead within the same
vein at implant (after unsatisfactory lead site evalu-
ation), post-operative programming of LV output
to <1 V higher than the measured pacing threshold,
improvements in QoL (according to the MLWHFQ and
EQ-5D) at 6 months, survival free of HF, CRT system–

related hospitalizations, all-cause hospitalizations,
and mortality at 6 months (Table 4).

The vectors programmed at pre-discharge visits are
shown in Table 5. Quadripolar-exclusive vectors were
programmed in 41.5% of patients in the Quad group.
The vector programming decision was made by the
implanting physician per the patient’s status.

DISCUSSION

The present study is the first prospective, randomized
study to compare the outcomes of CRT systems with
the Quartet LV lead with those with any bipolar LV
lead. Appropriate evaluation of the clinical impact of
a new technology is an important step in health
technology assessment (20). Because observational
and uncontrolled clinical evaluations are associated
with a substantial risk for bias, randomized clinical
trials are the gold standard of comparative assess-
ments, supporting the conception of the MORE-CRT
trial. In this randomized trial, we observed a supe-
rior performance and safety of the Quartet LV lead
compared with bipolar LV leads.

Although 60% to 70% of patients with HF with
systolic dysfunction have been reported to respond to
CRT therapy, LV leads could not be implanted in up to
10% of patients in studies published at the time the
Quartet lead was tested (5,8,10). These implant fail-
ures are due, not to patient selection, but rather to
challenges posed by coronary sinus venous anatomy,
leading to lead instability, PNS, and inadequate
pacing threshold (11,12). Lead repositioning in the
coronary sinus branch may be needed in 26% of
patients when there is poor lead stability, PNS, or
unsatisfactory electric measurement (21). The use of a
quadripolar LV lead constitutes a novel approach for
CRT implantation. The Quartet quadripolar lead has 1
distal tip electrode and 3 ring electrodes and can be
programmed to 10 different pacing vectors to help
identify a pacing site with a low pacing threshold and
without PNS. According to the results of prior obser-
vational studies with this quadripolar lead, implan-
tation was successful in $95% of patients, and the
rates of lead displacement and PNS were low (15–18).

The results of the present study showed that the
primary endpoint of freedom from intraoperative and
post-operative lead-related events was in favor of
patients with the Quartet quadripolar LV lead
compared with those with bipolar LV leads from any
manufacturer. The driver of benefit was a marked
reduction in intraoperative LV lead–related events,
with the intraoperative event rate reduced by more

http://dx.doi.org/10.1016/j.jacep.2015.10.004


FIGURE 3 Primary Endpoint per Etiology

Kaplan-Meier survival curves in the quadripolar lead group and the bipolar lead group per cardiomyopathy etiology. The x-axis shows months of

follow-up, and the y-axis shows freedom from the composite endpoint (cumulative survival). BiP ¼ bipolar left ventricular lead group; LV ¼ left

ventricular; Quad ¼ quadripolar Quartet left ventricular lead group.

TABLE 4 Results of the Analysis of Secondary Endpoints

BiP* Quad* Total* p Value

Percentage of CRT responders at 6 months 56.0 (218) 62.0 (476) 60.1 (694) 0.1334

Percentage of patients with >90%
biventricular pacing at 6 mo

81.1 (233) 82.0 (500) 81.7 (733) 0.7318

Implantation procedure duration (min) 101.0 � 51.0 100.4 � 54.5 100.6 � 53.3 0.6203

Implantation fluoroscopy time (min) 20.3 � 16.8 19.7 � 15.6 32.7 � 16.0 0.6382

Repositioning the lead within the same
vein (after unsatisfactory lead site
evaluation)

8.5 (331) 8.6 (687) 8.5 (1,018) 0.9618

Programming of the LV output to <1 V
above the measured pacing threshold

15.7 (70) 12.9 (240) 13.5 (310) 0.5473

Improvements in quality of life
(MLWHFQ, EQ-5D) at 6 mo

59.5 (264) 64.3 (575) 62.8 (839) 0.1179

Survival free of HF hospitalization at 6 mo 5.1 (331) 5.2 (687) 5.2 (1,018) 0.9736

Survival free of CRT system-related
hospitalizations at 6 mo

9.4 (331) 8.9 (687) 9.0 (1,018) 0.7715

Survival free of all-cause mortality at 6 mo 3.3 (331) 2.8 (687) 2.9 (1,018) 0.5892

Values are % (n) or mean � SD. *Total number of patients with data available.

CRT ¼ cardiac resynchronization therapy; HF ¼ heart failure; Other abbreviations as in Tables 1 and 3.
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than 50%. Even though the performance of the
bipolar leads in MORE-CRT was superior to those
observed in previous studies (8–15), the Quartet lead
outperformed these results and demonstrated further
superiority. The benefit was confirmed in a sub-
analysis that stratified patients into 2 groups on the
basis of their HF etiology (ischemic or nonischemic).
Furthermore, subanalysis showed that in patients
who underwent successful implantation who were
evaluated for PNS, the rate of any lead-related event
due to PNS was significantly lower in the Quad group
than the BiP group. This is a remarkable result on top
of the use of electric repositioning, which already
decreased the rate of PNS with bipolar LV leads
(12,13). In addition, patients with the Quartet lead
had a higher safety margin for PNS than those with
bipolar leads.

Although none of the differences in secondary
endpoints were statically significant, there was a



TABLE 5 Final Device Programming of Left Ventricular Vectors

Vector Patients per Programmed Vector

Quad (n ¼ 553)

Distal 1 to mid 2 38.9 (215)

Distal 1 to proximal 4 3.8 (21)

Distal 1 to RV coil 9.0 (50)

Mid 2 to proximal 4 7.2 (40)

Mid 2 to RV coil 10.5 (58)

Mid 3 to mid 2 8.9 (49)

Mid 3 to proximal 4 8.3 (46)

Mid 3 to RV coil 7.2 (40)

Proximal 4 to mid 2 1.4 (8)

Proximal 4 to RV coil 4.7 (26)

BiP (n ¼ 249)

Bipolar (tip to ring) 52.2 (130)

Tip to RV coil 20.5 (51)

Ring to RV coil 27.3 (68)

Values are n (%).

RV ¼ right ventricular; other abbreviations as in Table 1.

PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE: CRT is an effective treat-

ment for appropriately selected patients with HF. CRT is achieved by pacing

both a right ventricular lead and an LV lead, which is usually placed in a

tributary of the coronary sinus. Despite improvements in LV lead technol-

ogy, challenges remain in consistently situating the lead in the target vein

with a stable position and an acceptable pacing threshold and in the

absence of PNS. The use of a quadripolar lead (the Quartet LV lead) for LV

stimulation provides more options to effectively manage common pacing

complications compared with systems based on bipolar leads, because it

facilitates successful completion of CRT implantation at a preferred LV

stimulation site without compromising lead stability.

TRANSLATIONAL OUTLOOK: In view of the results of the present

study, the use of a quadripolar lead (the Quartet LV lead) for LV stimulation

could imply in a large number of patients additional benefits that cannot

emerge in a prospective trial limited to 1,000 patients. This emphasizes the

role of registries collecting information over the long term.
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trend for the Quartet lead to improve the response to
CRT and QoL. The lack of significance in the changes
in these variables from baseline to 6 months may
have been due to the limited follow-up duration and
to differences in programming LV pacing vectors.
Furthermore, the study was powered only for primary
endpoint and not for secondary analyses.

CLINICAL IMPLICATIONS. The performance and safety
of the Quartet LV lead provide more options to
effectively manage common pacing complications
compared with systems based on bipolar leads; thus,
this lead should improve the efficiency of CRT. The use
of this quadripolar lead facilitates successful comple-
tion of CRT implantation and may reduce the need for
surgical revisions to reposition the lead, thereby
reducing the risks associated with early reinterven-
tions. Reinterventions are associated with high risks
for complications, particularly with regard to the risks
for system infection (22,23). Therefore, the use of the
Quartet lead could imply, in a large number of patients,
important benefits that cannot emerge in a prospective
trial limited to 1,000 patients. Furthermore, the
Quartet LV lead provides more options to pace at a
preferred LV stimulation site without compromising
lead stability. Moreover, although this study was not
powered to demonstrate benefit in the secondary
endpoints, the positive trends in these parameters
point to potentially more efficacious CRT therapy
during long-term follow-up if a quadripolar CRT sys-
tem is used instead of a conventional bipolar system.

STUDY LIMITATIONS. Because patients were followed
for only 6 months, studies with longer follow-up
would add to the body of evidence. Absence of
protocol-required CRT optimization may have
contributed to the observed CRT response. Specif-
ically, CRT optimization by echocardiography, elec-
trocardiography, or electrogram may have led to a
higher response rate in the Quad group compared with
the BiP group by improving higher use of Quad-
exclusive LV pacing vectors. The additional option of
multipoint stimulation (i.e., simultaneous pacing
from more than 2 electrodes of the quadripolar lead)
(24,25) was not considered in this study, because the
devices used did not allow this pacing modality.

CONCLUSIONS

In this large, prospective, randomized trial, freedom
from intraoperative and post-operative LV lead–
related events at 6 months was greater in patients
with the Quartet quadripolar LV lead than in those
with bipolar LV leads. The significant reduction in
rate of LV lead–related events achieved with this
quadripolar lead, which provides more pacing options
to manage CRT patients, demonstrates the safety and
reliability of this technology.
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