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Aims This study compares, from a prospective, observational, non-randomized registry, the post-implant hospitalization rates
and associated healthcare resource utilization of cardiac resynchronization therapy-defibrillator (CRT-D) patients with
quadripolar (QUAD) vs. bipolar (BIP) left ventricular (LV) leads.

Methods
and results

Between January 2009 and December 2012, 193 consecutive patients receiving de novo CRT-D implants with either a
QUAD (n ¼ 116) or a BIP (n ¼ 77) LV lead were enrolled at implant and followed until July 2013 at a single-centre,
university hospital. Post-implant hospitalizations related to heart failure (HF) or LV lead surgical revision and associated
payer costs were identified using ICD-9-CM diagnosis and procedure codes. Italian national reimbursement rates were
determined. Propensity scores wereestimated using a logistic regressionmodel based upon 11pre-implant baseline char-
acteristics and were used to derive a 1 : 1 matched cohort of QUAD (n ¼ 77) and BIP (n ¼ 77) patients. Hospitalization
rates for the two groups were compared using negative binomial regression and associated payer costs were compared
using non-parametric bootstrapping (×10 000) and one-sided hypothesis test. Hospitalization rates of the QUAD group
[0.15/ patient (pt)-year] were lower than those of the BIP group (0.32/ pt-year); the incidence rate ratio was 0.46,
P ¼ 0.04. The hospitalization costs for the QUAD group (434+ 128 E/pt-year) were lower than those for the BIP
group (1136+ 362 E/pt-year). The average difference was 718 E/pt-year, P ¼ 0.016.

Conclusions In this comparative effectiveness assessment of well-matched groups of CRT-D patients with quadripolar and bipolar LV
leads, QUAD patients experienced a lower rate of hospitalizations for HF and LV lead surgical revision, and a lower cost
burden. This has important implications for LV pacing lead choice.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Keywords Cardiac resynchronization therapy † Cost-effectiveness † Health economics † Hospitalizations †

Left ventricular lead † Quadripolar lead

* Corresponding author. Tel: +39 06 20904009; fax: +39 06 20904008, E-mail address: forleo@me.com

& The Author 2014. Published by Oxford University Press on behalf of the European Society of Cardiology.
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact
journals.permissions@oup.com

Europace (2015) 17, 101–107
doi:10.1093/europace/euu290

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


Introduction
Cardiac resynchronization therapy (CRT) is a well-established treat-
ment for heart failure (HF) in patients with severely impaired left ven-
tricular (LV) systolic function and evidence of ventricular
dyssynchrony.1,2 Heart failure management is expensive and is asso-
ciated with hospitalizations and re-hospitalizations.3,4 Cardiac resyn-
chronization therapy has been shown to improve clinical outcomes
and has proved to be cost-effective as an adjunct to conventional
medical management.3,5 –11

Cardiac resynchronization therapy is enabled by LV stimulation
via a lead either on the LV epicardial surface, or more commonly,
within a tributary of the coronary sinus. Traditionally, CRT has
been enabled with bipolar electrode leads. However, unpredictable
patient coronary sinus anatomy, phrenic nerve stimulation (PNS),
and high LV pacing thresholds can affect and in some cases consid-
erably limit, the long-term success of CRT.12 To address these
common problems, quadripolar electrode CRT systems have
been designed with the purpose of allowing more choices in the
LV lead placement location and programming capability of pacing
vectors.

Multiple studies have compared the Quadra CRT system enabled
with the QuartetTM LV lead (St Jude Medical, Sylmar) to CRT
systems employing bipolar LV leads, and have shown these quadri-
polar leads to have better implant experience, incur lower post
implant complications, and improved haemodynamics.13 – 17 With
the current focus on improved quality and efficiency of healthcare
delivery, there is a need for information on the comparative effect-
iveness of viable alternatives such as CRT quadripolar and bipolar
LV leads.

The purpose of this study was to compare for the first time, the
post-implant hospitalization rates and associated healthcare re-
source utilization between CRT delivered with quadripolar vs.
bipolar LV leads. We hypothesized that since Quadra CRT systems
are associated with lower complications, lower deactivations and
replacements, improved haemodynamics, this would manifest in
reduced hospitalizations related to HF and LV lead surgical revision
than CRT systems enabled with bipolar LV leads. Our primary end-
point was to compare the hospitalization rate for this combined
outcome ofLV lead proceduresandHFhospitalizations. Our second-
ary endpoint was to compare the associated healthcare resource
utilization.

Methods

Study design
This was a prospective, single-centre, observational, non-randomized
registryof consecutive patients implanted with cardiac resynchronization
therapy-defibrillator (CRT-D) devices and transvenous LV leads at a
University-affiliated, tertiary care centre (Policlinico Tor Vergata). The
study protocol was approved by the local ethics committee and adhered
to the principles outlined in the Declaration of Helsinki. Consecutive
patients scheduled for implantation of a CRT-D system between January
2009 and December 2012 were approached for participation at their
time of implant. CRT-D systems were implanted per current implant
guidelines.18 Left ventricular leads were targeted to the most optimal ana-
tomic branch of the coronary sinus, preferring the lateral or posterolateral
regions. Final LV lead positionandpacing vector was determinedat the dis-
cretion of the operator based upon pacing parameters, absence of PNS,
and anatomic position. Implantations were performed with patients
under local anaesthesia by two approximately 10-year CRT-D implant-
ation experienced electrophysiologists (GBF, LS). The decision to
implant a Quartet lead over any other competing lead was not based on
each patient’s clinical characteristics but on the system available on the
day of implantation. In particular, patients were hospitalized according to
the first available date for CRT-D implantation, independently on the
CRT-D manufacturer previously scheduled for that day. Wherein only
bipolar leads were available at the beginning of the study, quadripolar
leads were available since January 2010. If that day CRT-D were scheduled
with St. Jude Medical devices, patients ended up with a quadripolar lead.

Pre-implant baseline characteristics of all participating patients includ-
ing age, gender, medical history, and HF status were recorded. All hospital
admissions incurred by these patients between their implant date and
31 July 2013 were identified fromthe billing records. Foreach hospitaliza-
tion, the admission date, discharge date, ICD-9-CM (International Classi-
fication of Diseases, Ninth Revision, Clinical Modification) diagnoses, and
procedure codes were recorded.

The objectives of the study were to compare, in these CRT patients,
the hospitalization rates and associated healthcare resource utilization
between the two LV lead groups, quadripolar and bipolar. The primary
endpoint of this analysis was prospectively defined as the comparison
of the combined hospitalization rate for HF hospitalization or LV
lead-related surgical revision in the two LV lead groups. The secondary
endpoint was the comparison of the associated healthcare resource util-
ization for these hospitalizations between the two LV lead groups.

Assessment of hospitalization type and cost
Based on the specific ICD-9-CM diagnoses and procedure codes, each
hospitalization was objectively categorized as: HF, LV lead-related surgi-
cal revision or other. The specific codes used, and their description, are
given in detail in the Supplementary data online. Every lead-related hos-
pitalization was checked against medical records to confirm that the
chamber of lead-related procedure was indeed the left ventricle.

A diagnosis-related group (DRG) code (version v24, 1 October 2006)
for each hospitalization was determined from all diagnoses and proced-
ure codes using Grouper software ‘Applicazioni di codifica 3 M’
(version 6.4.1, April 2011, 3 M Health Information System Italy). Finally,
the estimated reimbursement for each hospitalization was obtained for
the DRG according to the 2012 Italian national reimbursement rates
(National Ministerial Tariffs Ministerial Decree of 18 October 2012).

Study cohort for analysis
For this analysis, only patients implanted with de novo LV leads were
included, whether the implant was a first device implantation or the LV

What’s new?
† This is the first comparative effectiveness study to evaluate the

post-implant hospitalization rates and associated healthcare
resource utilization between cardiac resynchronization
therapy (CRT) delivered with quadripolar vs. bipolar LV leads.

† Patients implanted with a quadripolar LV lead experienced a
lower rate of hospitalizations for heart failure and LV lead
surgical revision, and a lower cost burden.

† The results provide strong evidence that the use of quadripo-
lar leads has a significant positive impact on the clinical out-
comes and healthcare resource utilization of CRT patients.
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lead was placed as part of an upgrade to CRT-D in patients with a pre-
existing permanent pacemaker or a defibrillator. Patients were divided
into two groups based on the implanted system: Quadra CRT-D group
and Bipolar CRT-D group. The Quadra CRT-D group had a QuartetTM

LV lead and a corresponding CRT-D (St. Jude Medical), and the Bipolar
CRT-D group had a bipolar LV lead from any manufacturer and a
CRT-D device from any manufacturer. Figure 1 shows the distribution of
patients.

Since this was an observational registry, we sought to match the base-
line characteristics of the Quadra and Bipolar CRT-D groups. For this
purpose, propensity scores were estimated for each patient using multi-
variate logistic regression. The propensity score for each patient is the
conditional probability of having a specific lead type given the individual’s
baseline characteristics. Eleven pre-implant baseline characteristics were
utilized: age, gender, ejection fraction, NYHA class, coronary artery
disease, atrial fibrillation, hypertension, diabetes, previous cardiac
surgery, valvular disease, and primary prevention. The multivariate logis-
tic regression model was evaluated for goodness of fit based on the
Hosmer and Lemeshow test.19

Propensity scores were used to match each Bipolar patient to the
Quadra patient with the most similar baseline characteristics using a
greedy match. Since there were more Quadra patients than Bipolar
patients and to keep the groups as large as possible, no Bipolar patients
were excluded as part of the matching scheme; only the poorest-
matching Quadra patients were excluded from the final comparison
groups. The standardized difference was calculated for each covariate.
The sum of the absolute value of the standardized difference for all of
the baseline characteristics before and after the match was used to
assess the improvement in covariate balance achieved due to the match-
ing procedure. The categorical covariates were summarized as per-
centages and compared using x2 analysis or Fisher’s exact test.
Continuous data are reported as mean+ standard deviation and were
compared with the Student’s t test (if normally distributed) or the
Wilcoxon-rank sum or signed rank test (if non-normally distributed).

Statistical significance was deemed present if P , 0.05. The analysis was
conducted in Revolution R version 6.0 (Revolution Analytics, Mountain
View).

The matching based on propensity scores provided the treatment and
control groups foranalysis.The control group includedall BipolarCRT-D
implants with de novo bipolar LV lead implants. The treatment group
included a matched set of Quadra CRT-D patients. All analyses of the
study endpoints were conducted on these two groups.

Statistical analysis
The primaryendpointof comparing thecombined hospitalization rate for
HF or LV lead surgical revision was evaluated by modelling the hospital-
ization data using a negative binomial regression adjusted for varying
lengths of follow-up for each patient. The likelihood ratio test that com-
pared the fit between the negative binomial regression and the Poisson
regression (the null model) along with the estimated dispersion param-
eter and its associated 95% confidence interval using the negative bino-
mial model was provided as evidence of model fit for the negative
binomial model. SAS software version 9.4 was used to perform the stat-
istical analyses (SAS Institute, Inc.).

The secondary endpoint of comparing the healthcare resource utiliza-
tion for the HF and LV lead surgical revision was evaluated using the non-
parametric bootstrap method. This is a data-based simulation method for
assessing statistical precision,20,21 and allows a comparison of arithmetic
means withoutmaking assumptions about thecostdistribution. Eachhos-
pitalization was associated with a national reimbursement rate based on
the DRG code and the length of stay. For this healthcare resource utiliza-
tion analysis, two metrics were determined for each patient: Follow-up
time (TBi or TQ) and total cost for hospitalizations that occurred during
the follow-up time (CBi or CQ). Bootstrapping is based on how values of
the cost difference would vary if the sampling process could be repeated
many times. This involves re-sampling fromthe data set with replacement
while preserving the original structure of the data (i.e. same size, same

CRT-D devices successfully implanted
Jan 1 2009 – Dec 31 2012

(198)

Standard CRT-D system
(Bipolar LV lead)

(81)

Quadra CRT-D system
(Quadripolar LV lead)

(117)

CRT upgrade
(4)

CRT upgrade
(1)

De novo CRT-D
implants

(77)

De novo CRT-D
implants

(116)

Control group
(77)

Treatment group
(77)

1:1 propensity score matching
with no replacement

Figure 1 Study cohort.
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number in each treatment group). Ten thousand replicated data sets
were generated using the treatment and control groups, and for each
population, the cost difference COSTBIP–COSTQUAD was determined.

COSTBIP = CBi 1 + CBi 2 + CBi 3 + · · · + CBi n

TBi 1 + TBi 2 + TBi 3 + · · · + TBi n

( )

COSTQUAD = CQ 1 + CQ 2 + CQ 3 + · · · + CQ n

TQ 1 + TQ 2 + TQ 3 + · · · + TQ n

( )

The cost of the hospitalizations for the patients in the Quadra and Bipolar
group was normalized to their respective aggregate follow-up time.
A one-sided hypothesis test was evaluated with the null hypothesis that
COSTQUAD is not less than COSTBIP. The probability that the estimated
cost difference is positive was estimated from the bootstrap estimates.

In addition to the primary endpoint of comparing the hospitalization
rates for HF or LV lead surgical revision, we also determined the hospi-
talization rates for (i) HF hospitalizations, (ii) hospitalizations not
related to HF and LV lead surgical revision, and (iii) all cause hospitaliza-
tions; this was determined using negative binomial regression. In addition
to the secondary endpoint comparing the healthcare resource utilization
for HF or LV lead surgical revision, we also determined the healthcare
resource utilization for solely HF hospitalizations; this was done using
the non-parametric bootstrap method. Additional hospitalization char-
acteristics were also compared across the two LV lead groups: length
of stay per hospitalization, compared using a Wilcoxon rank sum test;
the days in hospital per patient, compared using non-parametric boot-
strap. Incidence rate of mortality was reported as a ratio of number of
deaths over the follow-up time.22

Results

Patient demographics
Between January 2009 and December 2012, 198 patients were suc-
cessfully implanted with CRT-D systems. A total of 117 patients were
implanted with the QuartetTM 1458Q model LV lead and corre-
sponding Quadra CRT-D device (PromoteTM Q, Unify QuadraTM

from St. Jude Medical), and 81 patients were implanted with bipolar
LV leads from four different manufacturers and corresponding
CRT-D pulse generators. Of these implants, 99% of the Quadra
and 95% of the Bipolar patients had de novo LV leads, respectively.

Using the 116 de novo Quadra patients and 77 de novo Bipolar
CRT-D patients, the propensity scores were generated using multi-
variate logistic regression. All covariates were available for each
patient; the only exception was the unavailable ejection fraction for
one patient in the quadripolar group. This single variable was
imputed as an average of the entire population. The model showed
no evidence of lack of fit based on the Hosmer and Lemeshow test
(x2 ¼ 5.2, P ¼ 0.73). The one-to-one match without replacement
yielded 77 matched treatment group patients for the 77 control
group patients. The groups were similar with respect to baseline
characteristics (Table 1). The sum of the absolute value of the stan-
dardized difference before the match was 111.4 when compared
with 73.1 after the match, a reduction that indicates improvement
in covariate balance due to the matching procedure. The propensity
scores for the matched population were 0.58+0.09 vs. 0.58+0.10
(P ¼ 0.60) for the treatment and control groups, respectively.

Post-implant hospitalizations
The two groups were followed for an average of 1.75+1.04 years.
During this follow-up period, 13 treatment group patients had 17
hospitalization stays for HF or LV lead surgical revision, and 18
control patients had 39 such hospitalization stays. The event rates
were significantly lower for the treatment group patients (0.15 vs.
0.32 events/patient-year) with an incidence rate ratio of 0.46, P ¼
0.04. The negative binomial regression provided a statistically signi-
ficantly better fit when compared with the same model using
Poisson regression (likelihood ratio test, P , 0.0001). The dispersion
parameter estimated by the negative binomial regression was 3.7,
with a 95% confidence interval (1.9, 7.5), providing additional evi-
dence that the negative binomial regression was the appropriate
model.

Forty percent of the treatment group patients had 61 all-cause
hospitalizations, whereas 47% of the control patients had 93 hospita-
lizations for any cause. The event rates were not statistically different
for the treatment group (0.62 vs. 0.88 events/patient-year) with an
incidence rate ratio of 0.70, P ¼ 0.13. Hospitalizations not related
to HF and LV lead surgical revision were not statistically significantly
different between the treatment and control groups (0.43 vs. 0.49
events/patient-year) with an incidence rate ratio of 0.89, P ¼ 0.14.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Baseline characteristics of the control and
treatment groups

Treatment group
(Quadra) (77)

Control group
(Bipolar) (77)

P value

Demographics

Age (years) 69.4+9.8 69.6+9.4 0.86

Gender (male) 61 (79.2%) 60 (77.9%) 0.95

LVEF (%) 25.6+6.1 25.6+6.9 0.93

NYHA (class) 2.7+0.6 2.7+0.6 0.69

Follow-up
(years)

1.65+0.8 1.84+1.2 0.005

Comorbidities

CAD 40 (51.9%) 43 (55.8%) 0.79

Hypertension 68 (88.3%) 68 (88.3%) 1.00

History of AF 15 (19.5%) 16 (20.8%) 0.87

Diabetes 24 (31.2%) 29 (37.7%) 0.55

Primary
prevention

72 (93.5%) 68 (88.3%) 0.80

Previous cardiac
surgery

13 (16.9%) 14 (18.2%) 0.85

Valvular disease 40 (51.9%) 36 (46.8%) 0.71

Medications

Nitrates 11 (14.3%) 11 (14.3%) 1.00

Diuretics 72 (93.5%) 72 (93.5%) 1.00

b-Blockers 62 (80.5%) 63 (81.8%) 0.94

ARBs/ACE 65 (84.4%) 67 (87.0%) 0.89

Aldosterone
antagonists

47 (61.0%) 38 (49.4%) 0.43

ACE, angiotensin-converting enzyme; AF, atrial fibrillation; ARBs, angiotensin II
receptors blockers; CAD, coronary artery disease; EF, ejection fraction; LV, left
ventricular.
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This indicates that the majority of difference between the hospitaliza-
tion rates between the two groups may be attributable to HF hospi-
talizations. Among all the hospitalizations, HF was the most frequent
cause of hospitalization in both groups, with 26% of the treatment
group hospitalizations being attributable to HF, vs. 39% in the
control group. The mortality rates for the treatment and control
groups were 0.087 vs. 0.090 for the entire follow-up period with an
incidence rate ratio of 0.95 (0.38, 2.29), indicating no significant differ-
ence in mortality rate between the two groups. Hospitalization rates
and hospitalization characteristics are reported in detail in Table2 and
in the Supplementary data online.

The treatment group patients had a cost burden of 434+ 128
E/patient (pt)-year, while the control group had a cost burden of
1136+362 E/pt-year, representing a 62% decrease of E718/
pt-year in the treatment group (P ¼ 0.016; Table3). Figure 2 illustrates
the cumulative probability function showing the likelihood of cost dif-
ference between the two groups considering hospitalizations due to
HF and LV lead surgical revision. For this outcome, there was a 98.4%
probability that Quadra therapy exhibited reduced costs compared
with bipolar LV lead CRT therapy. The length of stay per hospitaliza-
tion for HF and LV lead surgical revision were statistically similar
between the treatment (5.9+ 4.8 days) and control groups (4.9+
4.6), P ¼ 0.46. On average, the treatment group spent 0.7+ 0.3
days per patient year in the hospital forHForLV lead surgical revision,

whereas the control group spent 1.2+ 0.4 days per patient year in
the hospital per patient (P ¼ 0.13).

Discussion
To our knowledge, this is the first published evaluation of the hospi-
talization rates and costs of CRT-D with quadripolar vs. bipolar LV
leads. The primary finding of this single-centre, prospective study is
that patients implanted with quadripolar LV leads exhibited a 54%
reduced rate of hospitalization specific to HF and LV lead surgical re-
vision, and reduced total healthcare resource utilization by 62%.
Quadra patients exhibited 0.17 fewer hospitalizations/pt-year than
patients with bipolar leads, and this was accompanied with a statistic-
ally significant cost saving of E 718/pt-year. The hospitalization rate
specific to HF and LV procedures was significantly reduced in
Quadra patients, providing evidence regarding the effectiveness of
this therapy.

Our analysis has several strengths. Both groups were provided
optimal medical therapy, and programming of the CRT-D devices
was provided according to the standard of care and the capabilities
of the devices. The analysis was based on consecutive implanted
patients and uses established methods for cost-effectiveness ana-
lysis.20 Our study represents the longest reported follow-up experi-
ence with Quadra implants, and the resource utilization was

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Table 2 Hospitalization rates for each group and comparison of event rates

Events per patient year (95% CI) Incidence rate
ratio (95% upper
confidence limit)

P value
(one-sided)

Treatment group
(Quadra)

Control group
(Bipolar)

Primary endpoint

HF hospitalizations and LV lead surgical revision 0.15 (0.08, 0.26) 0.32 (0.20, 0.53) 0.46 (0.97) 0.04

Additional hospitalization rates

HF hospitalizations 0.14 (0.08, 0.24) 0.28 (0.17, 0.45) 0.49 (1.04) 0.06

Other hospitalizations not related to HF and
LV lead surgical revision

0.43 (0.29, 0.64) 0.49 (0.33, 0.72) 0.89 (1.53) 0.14

All cause hospitalization 0.62 (0.42, 0.90) 0.88 (0.61, 1.26) 0.70 (1.19) 0.13

All event rates derived using negative binomial regression.
LV, left ventricular.
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Table 3 Hospitalization costs for the two groups

Treatment group
(Quadra)

Control group
(Bipolar)

Cost difference
E/pt-year

P value

Secondary endpoint

HF hospitalizations and LV lead surgical
revision cost (E/pt-year)a

434+128 1136+362 E718 P ¼ 0.016

HF hospitalizations only

HF hospitalizations cost (E/pt-year)a 434+128b 1059+356 E650 P ¼ 0.03

aNon-parametric bootstrap model based.
bIf a hospitalization included both HF diagnosis and LV procedure, the total cost for the hospitalization is used.
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collected over a mean of a 1.75-year period from CRT-D implant-
ation. We utilized an objective method for identifying the hospitaliza-
tion type, based upon billing records. We utilized propensity scores
to match the two groups of patients with the most similar baseline
characteristics using a greedy match, allowing for comparison of
the primary and secondary endpoints in a matched population.

Economic analyses commonly use cost data fromrandomizedcon-
trolled trials to inform healthcare policy decisions. However, CRT-D
patients in clinical trials may not be representative of those in every-
day practice since only selected patients participate in those trials.
These limitations raise questions about the generalizability of the
published literature when using cost data from trials to inform
health care policy decisions. The present analysis represents a pro-
spective, real world clinical experience with a large number of
patients outside the realm of randomized controlled trials.
However, whether this single-centre experience might be universally
applicable to other settings remains to be determined.

It is notable that the hospitalization rate specific to HF and LV pro-
cedures was significantly reduced with quadripolar leads, providing
hard evidence regarding the effectiveness of this therapy. An LV
lead positioned at an effective location is a prerequisite for effective
CRT. Use of quadripolar leads facilitates targeting pacing at more
proximal regions of coronary venous branches, to consistently and
safely target basal and mid ventricle pacing sites while maintaining a
more distal and stable lead position. Previous studies suggest that
placement of the LV lead along an area corresponding to the greatest
electrical or mechanical delay improves CRT outcomes.23– 25 More
pacing configurations over a wider LV area with the use of the four
electrodes along a quadripolar lead is helpful to identify the best
pacing configuration while minimizing the likelihood of developing
PNS. It is reasonable to consider that quadripolar leads’ programming
flexibility might translate into more favourable clinical outcomes.

Of note, this study utilized a specific quadripolar LV lead and pulse
generator from a single manufacturer and may not reflect other lead
designs that were not tested or evaluated in this analysis. While add-
itional multipolar LV leads are currently under investigation, only the
QuartetTM lead had CE Mark approval at the time of this study.

Limitations
Our study also has potential limitations. (i) Considering that both
patients’ age and HF severity increase and that, besides, the incidence
of LV-related complications may decrease during follow-up, it is not
clear whether or not the relative benefit of one lead vs. the others
remains constant over the long term. (ii) Although the decision of
using a Quartet lead over any other lead was mainly based on lead
availability on the day of implantation, the choice of system was not
randomized. However, while this issue represents a potential bias,
the patient characteristics in both groups were well balanced and
not different. (iii) Our resource utilization comparison does not
include emergency department visits since in the Italian medical
system, the costs incurred by the emergency department are
included in hospital administration operations, and not billed for sep-
arately. In addition, our cost analysis has been done from a payer per-
spective, and not a societal perspective, hence does not take into
consideration comparison of health resources such as productivity
loss and caretaker burden. (iv) Finally, the experience observed
with our patients may not be applicable to other universal settings
given that our results are derived from a single centre in Italy. There-
fore, additional large-scale randomized studies with longer surveil-
lance data will be needed to validate findings reported in this study
regarding this therapy’s effectiveness and costs. Despite these limita-
tions, our analysis is robust and the results represent to date the only
and the best estimate of comparative-effectiveness of CRT-D
patients implanted with quadripolar vs. bipolar LV leads.

Conclusion
This prospective study is the first comparative effectiveness study to
evaluate hospitalization rates and costs of CRT-D with quadripolar
vs. bipolar LV leads and provides strong evidence that the use of a
quadripolar lead may have a significant positive impact on clinical
outcomes and healthcare resource utilization.
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Supplementary material is available at Europace online.
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