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Aims The long-term clinical value of the optimization of atrioventricular (AVD) and interventricular (VVD) delays in cardiac
resynchronization therapy (CRT) remains controversial. We studied retrospectively the association between the fre-
quency of AVD and VVD optimization and 1-year clinical outcomes in the 199 CRT patients who completed the
Clinical Evaluation on Advanced Resynchronization study.

Methods
and results

From the 199 patients assigned to CRT-pacemaker (CRT-P) (New York Heart Association, NYHA, class III/IV, left
ventricular ejection fraction ,35%), two groups were retrospectively composed a posteriori on the basis of the fre-
quency of their AVD and VVD optimization: Group 1 (n ¼ 66) was composed of patients ‘systematically’ optimized at
implant, at 3 and 6 months; Group 2 (n ¼ 133) was composed of all other patients optimized ‘non-systematically’
(less than three times) during the 1 year study. The primary endpoint was a composite of all-cause mortality,
heart failure-related hospitalization, NYHA functional class, and Quality of Life score, at 1 year. Systematic CRT op-
timization was associated with a higher percentage of improved patients based on the composite endpoint (85% in
Group 1 vs. 61% in Group 2, P , 0.001), with fewer deaths (3% in Group 1 vs. 14% in Group 2, P ¼ 0.014) and fewer
hospitalizations (8% in Group 1 vs. 23% in Group 2, P ¼ 0.007), at 1 year.

Conclusion These results further suggest that AVD and VVD frequent optimization (at implant, at 3 and 6 months) is associated
with improved long-term clinical response in CRT-P patients.
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Introduction
Cardiac resynchronization therapy (CRT) is recognized in today’s
treatment guidelines as a standard of care for patients with heart

failure (HF).1 However, about 40% of CRT patients are commonly
considered non-responders to the therapy.2– 4 Attempts to
improve the responders’ rates have taken a number of routes.
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Perhaps the most frequent one is to refine selection criteria to
exclude patients unlikely to respond: those with right bundle
branch block, severe kidney insufficiency, and high burden of
scar.5,6 A second approach is to optimize the lead position,7 but
an optimal placement of the left ventricular (LV) lead is not
always possible, depending on coronary venous anatomy, lead sta-
bility and other factors such as scar tissue. A third option is to op-
timize the programming of the CRT device, particularly the
stimulation rate, paced and sensed atrioventricular delay (AVD),
and interventricular delay (VVD).

The optimization of CRT programming involves a variety of tech-
niques. The most commonly used techniques are echocardiography
based. They often result in a time-consuming process, requiring
high cost and labour intensity.8–13 Consequently, CRT is often not
optimized in clinical practice.11 In an attempt to overcome these dif-
ficulties, device manufacturers are developing automated sensing
methods and algorithms for assessing cardiac performance and adapt-
ing CRT delivery according to patients’ changing needs, allowing a
more rapid, simplified, and automated or semi-automated approach
to CRT optimization. The SmartDelayTM (Boston Scientific Corpor-
ation, and QuickOptTM) uses the timing of intracardiac electrograms
(IEGM) intervals to calculate the optimal AVD, while SonRTM (Sorin
Group, Saluggia, Italy) uses a hemodynamic sensor selecting the VVD
that yields maximal contractility to determine the optimal AVD.12,13

To calculate the optimal AVD, the algorithms developed to date
either use the timing of intracardiac electrograms (IEGM) intervals
(SmartDelayTM, Boston Scientific Corporation, and QuickOptTM), or
a hemodynamic sensor (SonRTM, Sorin Group, Saluggia, Italy).12,13

However, to date, the benefit and clinical value of the optimiza-
tion of CRT programming remains unclear. Echocardiographic-
based methods have shown acute hemodynamic benefits, but long-
term clinical benefit remains to be assessed.13 Also, inconclusive
long-term results were reported with device-based methods algo-
rithm such as QuickOptTM (FREEDOM14 trial) and Smart DelayTM

(SMART-AV15 trial). The Clinical Evaluation on Advanced Resyn-
chronization (CLEAR) pilot study16 was the first phase III trial
showing potential trends towards a long-term clinical benefit
of AVD and VVDs optimization with SonRTM vs. optimization
left to investigators’ discretion as per their standard of practice.
Based on a composite endpoint close to the one used in the
FREEDOM trial, the CLEAR results showed 76% of patients clinic-
ally improved with regular optimizations with SonRTM vs. 62%
(P ¼ 0.028) of patients improved when optimized according to
standard of practice, at 1 year. Nevertheless, despite these encour-
aging findings, it appeared that only 57% of patients randomized to
SonRTM were effectively optimized during the study; a limitation of

this primary analysis which could have led to the underestimation
of the clinical benefit of CRT programming optimization.

We present in this manuscript a non-randomized, retrospective
analysis on the CLEAR population aimed to assess the association
between the optimization frequency and long-term clinical out-
comes, whatever the optimization method used.

Methods

Patient population and cardiac
resynchronization therapy programming
optimization
Methodology and results of the CLEAR trial have been previously pub-
lished.16 In brief, CLEAR was a prospective, multi-centre, single-blind,
parallel-design, randomized treatment groups (SonRTM-based optimiza-
tion vs. optimization according to standard procedures) trial. The inves-
tigational trial, which complied with the Declaration of Helsinki was
reviewed and approved by all local ethics committees of each participat-
ing institutions. All patients gave their written informed consent. Eligible
patients were in New York Heart Association (NYHA) class III/IV despite
optimal management, together with LV ejection fraction (LVEF) ,35%,
LV end-diastolic diameter (LVEDD) ≥30 mm/m2, QRS interval
.150 ms or 120 ms , QRS , 150 ms with ≥2 echocardiographic indi-
cations of mechanical dyssynchrony. Patients were excluded if they were
candidates for the implantation of a cardioverter defibrillator, had a
history of atrial fibrillation, had experienced a myocardial infarction,
undergone or were scheduled to undergo cardiac surgery or a coronary
revascularization procedure within 3 months. A total of 268 patients
were enrolled at 51 centres in 8 countries between November 2005
and February 2008, and the study ended in March 2009. Patients assigned
to CRT-pacemaker (CRT-P) according to guidelines contemporary with
the study start17 received a NewLiving CHFw system (Sorin Biomedica,
Saluggia, Italy), with MiniBestw (Sorin Biomedica, Saluggia, Italy) or
Micro-Best ACTw Right Ventricular leads (Sorin Biomedica, Saluggia,
Italy) (with the SonRTM sensor integrated into the lead). Right atrial
and LV leads’ choices were left to the investigators’ preferences. The
rate of successful implantations was 91.4%.16 All patients followed the
same visit schedule in a single-blinded way. Patients underwent clinical
evaluations at post-implant, 1, 3, 6 and 12 months follow-up visits.
Device optimization was performed only at scheduled optimization
visits: post-implant, 3 and 6 months follow-up visits.

For this post hoc analysis, two groups were retrospectively formed
from the CLEAR Intent-To-Treat (ITT) population (n ¼ 199). Patients
in Group 1 (n ¼ 66) were selected as being ‘systematically’ optimized
at each scheduled optimization visit. Group 2 was composed of all
other patients in the ITT population (n ¼ 133), consequently ‘non-
systematically’ optimized at each scheduled optimization visit. These
groups were formed independently from the method used to optimize
AVD and VVD either automatically by the SonRTM-based algorithm or
manually by standard methods at investigators’ discretion.

Study endpoints and follow-up
The primary endpoint was the percentage of clinically improved
patients at 1 year based on a composite endpoint composed, in a hier-
archical order of rates of death from any cause, hospitalization for HF
management (HFH), NYHA functional class, and EuroQol-Visual Ana-
logue Scale (EQ-VAS QoL) scores. Patients were classified as
‘improved’ if they were free from death and HFH, and if their
NYHA functional class decreased by ≥1 point or their EQ-VAS
QoL score increased by ≥10%, at 1 year.

What’s new?
† Findings on the long-term association between CRT opti-

mization (AVD and VVD) frequency and patients’ clinical
outcomes

† These findings are observed irrespective of the optimization
method used, either echocardiography or device-based
using SonRTM
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The secondary endpoints of the analysis were all-cause mortality and hos-
pitalizations for management of HF combined and taken separately. Other
data collected included AVD and VVD at implant (M0), M3 (3 months
after implant), and M6 and echocardiographic parameters [LVEF, LVEDD,
and LV end-systolic diameter (LVESD)] at baseline and 1 year.

In case of death, every effort was made to determine the cause.
Whenever possible, the pacemaker (Newliving CHF) was interrogated.
If applicable, autopsy report was provided to the Sponsor.

Investigators reported both objective (death, hospitalizations) and sub-
jective (NYHA class, EQ-VAS QoL scores) changes in clinical status in the
CRF. The EQ-VAS QoL questionnaire was firstly completed by the patient
and consisted in a single-item visual analogue score from 0 ‘worst
imaginable health state’ to 100 ‘best imaginable health state’, in mm.18

Recorded echocardiographic parameters were analyzed by a central
core lab (Dr G. Jauvert, Bizet Clinic, Paris, France) in a double-blinded
fashion.

Data analysis and statistics
Case report forms (CRF) and electronic data were centrally collected
and checked for consistency and completeness. Inconsistent or incom-
plete data were clarified by the study centre by a query process.

The statistical analyses were performed on the locked database in
the biometry department of the Sponsor. The CLEAR ITT population
was considered for the analysis. Data are expressed as percentages or
mean+ standard deviation, as appropriate.

Demographic and clinical patients’ characteristics (including aeti-
ology, comorbidities, echocardiographic parameters, and medications)
were compared between the treatment groups.

An analysis of variance was performed to compare AVD and VVD
values between groups over the whole follow-up period. Within-group
comparisons over periods of time ([M0–M3], [M3–M6] and
[M6–M12]) were carried out with paired sign test.

In case of missing data for the NYHA functional class and EQ-VAS
QoL score for the composite endpoint calculations, missing values
were imputed using a ‘Last Observation Carried Forward’ approach.

In the univariate analysis, categorical variables were compared by x2

test or Fisher’s exact or a two-tailed Student’s t-test, as appropriate.
For continuous variables with normal distribution, comparisons of
change between groups from baseline to last follow-up were assessed
using Student’s t-test. For other continuous variables, a non-parametric
Kruskall–Wallis test was applied. Only patients with available data at
both enrolment and 1-year follow-up were included in the endpoint
analysis. Analyses of changes for variables were made using paired
tests: if the variables followed a normal distribution, a paired t-test
was used; otherwise a sign-paired test was applied.

Kaplan–Meier estimates for mortality and HF-related hospitaliza-
tions were calculated; and differences between groups assessed using
a log-rank test.

As a supportive analysis, a logistic multivariate model was applied on
the composite endpoint for measuring the effect of CRT optimization
frequency adjusted for the optimization method used.

The statistical analyses were conducted using SASw software,
version 9.2 (SAS Institute, Inc., Cary, NC) at a 0.05 level of significance
(two-sided test).

Results

Study population and follow-up
The baseline demographic, clinical, and ECG characteristics of the
two study groups were clinically similar (Table 1). The average follow-

up duration was 367+50 days (n ¼ 66) in Group 1 and 354+96
days (n ¼ 133) in Group 2. No difference in the total number of
visits post-implant was observed between Group 1 (median: 5, min/
lower quartile/upper quartile/max: 3/5/5/8) and Group 2 (median:
5, min/lower quartile/upper quartile/max: 1/5/5/7; P ¼ 0.10).

Atrioventricular and interventricular
delays optimization
In Group 1, systematic AVD and VVD optimization was performed
with SonRTM in 57 patients (86%) and with standard methods in
nine patients (14%).

In Group 2, heterogeneous optimization frequency was observed:
64 patients (48%) had never been optimized at any time point in the
study, 38 patients (29%) had been optimized once, and 31 patients
(23%) had been optimized twice during the study. A total of 43
patients (32%) in this group were optimized using SonRTM and 90
patients (68%) were optimized with standard procedures.

Average AVD remained significantly shorter in Group 1 (system-
atically optimized patients) compared with Group 2 throughout
the study (P ¼ 0.006) (Table 2); mean absolute AVD change
between last follow-up and baseline was 20.6+ 16 ms in Group
1 vs. 14.4+ 14 ms in Group 2 (P ¼ 0.001). In Group 1, optimal
AVD remained unchanged in 11%, shortened in 51% and length-
ened in 38% of patients, while in Group 2, 38% of patients had un-
changed AVD, 46% shortened and 16% lengthened.

The mean VVD values did not differ markedly throughout the study;
VVD average values were 213+31 ms in Group 1 vs. 212+25 ms
in Group 2 (P¼ 0.971) during the second semester (Table 2).

Clinical outcomes
Based on the primary composite endpoint, systematic optimization
(Group 1) was associated with a higher rate of improved patients,
at 1 year (85% in Group 1 vs. 61% in Group 2; P , 0.001, Table 3).
Within Group 2 patients, the rate of improved patients was similar
between patients never optimized (61%) and those optimized
once or twice (61%).

Secondary endpoints’ analysis showed an association between
systematic optimization and fewer combined rates of deaths and
hospitalizations, at 1 year (9% in Group 1 vs. 29% in Group 2;
P ¼ 0.002; Table 3).

The 1-year probability of being free from events (all-cause mortality
and HFH) was higher in systematically optimized patients (91%) than in
non-systematically optimized patients (71%) (hazard ratio 0.456, 95%
confidence limits, CI¼ 0.212–0.980) and according to the log-rank
test, this difference was statistically significant (P ¼ 0.039) (Figure 1).

Additionally, systematic optimization was associated with fewer
deaths (3% in Group 1 vs. 14% in Group 2, P ¼ 0.014), fewer hos-
pitalization (8% in Group 1 vs. 23% in Group 2, P ¼ 0.007)
(Table 3) and with a lower NYHA functional class (1.9+0.6 in
Group 1 vs. 2.2+ 0.7 in Group 2, P ¼ 0.018), at 1 year (Table 3).

A significant increase in EQ-VAS QoL scores were observed in
each group (P , 0.001) at 1 year vs. baseline, without any signifi-
cant difference between groups, as observed for hemodynamic
parameters (LVEF, LVEDD, and LVESD) (Table 3).

The multivariate analysis showed that standard methods
were associated with improved patient rates from 60%
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(non-systematically optimized, n ¼ 90) to 78% (systematically opti-
mized, n ¼ 9) and SonRTM-based optimization was associated with
improved patients’ rates from 63% (non-systematically optimized,
n ¼ 27) to 86% (systematically optimized, n ¼ 49). This supportive
multivariate analysis further suggests that long-term clinical out-
comes were associated with the optimization frequency (P ¼
0.004), not with the optimization method used (P ¼ 0.607).

Discussion

Findings
Our results showed an association between frequent AVD and
VVD optimizations and an improved therapeutic response at

1 year based on a number of variables: the composite primary
endpoint, death, and hospitalization in combination and taken
separately and the NYHA functional class. These associations
appeared to be related to the optimization frequency (P ¼
0.004), regardless of the optimization method used (P ¼ 0.607).

Results in context
As stated previously, up to one-third of patients with advanced HF
do not exhibit a positive response to CRT. It has been previously
published by Mullens et al.19 that among the different reasons of
non-response, suboptimal AV timing accounts for CRT suboptimal
response in a significant proportion of patients. This post hoc ana-
lysis further supports these results.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Table 1 Baseline characteristics of the included (n 5 268) population and the systematically optimized group (Group 1)
and the non-systematically optimized group (Group 2)

Overall population Analyzed population (n 5 199) Pa

All patients (n 5 268) Group 1 (n 5 66) Group 2 (n 5 133)

Demographics

Age, years 73.1+9.9 71.7+9.5 74.1+9.8 NS

Men, n (%) 168 (63%) 38 (59%) 86 (65%) NS

Women, n (%) 98 (37%) 26 (41%) 47 (35%) NS

Body mass index (kg/m2) 26.3+4.6 25.9+4.4 26.4+4.7 NS

Heart failure aetiology, n (%)

Idiopathic 122 (46%) 33 (50%) 60 (45%) NS

Ischaemic 105 (39%) 21 (32%) 56 (42%) NS

Valvular 21 (8%) 8 (12%) 8 (6%) NS

Secondary prevention 21 (8%) 4 (6%) 13 (10%) NS

Characteristics

NYHA functional class 3.0+0.3 3.0+0.2 3.1+0.3 NS

QRS duration (ms) 160+22 166+20 159+24 NS

LVEF (%) 27+8 27+8 27+8 NS

LVESD (mm) 56+10 56+8 59+9 NS

LVEDD (mm) 66+10 65+10 67+10 NS

EQ-VAS QoL score (mm) 51+19 48+18 50+19 NS

Comorbidities, n (%)

Hypertension 126 (47%) 37 (56%) 78 (59%) NS

Diabetes 66 (25%) 12 (18%) 37 (28%) NS

Other associated condition(s) 105 (39%) 27 (41%) 54 (41%) NS

Arrhythmia 69 (26%) 17 (26%) 33 (25%) NS

Previous surgery 84 (31%) 17 (26%) 42 (32%) NS

Medications, n (%)

ACE inhibitor 184 (69%) 47 (71%) 93 (70%) NS

ACE inhibitor substitutes 31 (12%) 6 (9%) 16 (12%) NS

Beta-adrenergic blocker 194 (72%) 50 (76%) 99 (74%) NS

Diuretic 214 (80%) 52 (79%) 108 (81%) NS

Spironolactone 122 (46%) 32 (48%) 60 (45%) NS

Laboratory data

BNP (pg/ml) 619+730 502+628 720+826 NS

Group 1, systematically optimized group; Group 2, non-systematically optimized group.
aDifference between groups.
Values are given as number (%) or mean (+standard deviation).
ACE, angiotensin-converting enzyme; NS, not significant.
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Concerning AVD, it is widely accepted today that optimal AVD
may change significantly over time. In a study presented by Zhang
et al., the optimal AVD remained unchanged in only 44% of the
patients over a 16-month follow-up; it was shortened in 38% and
lengthened in 18% of the patients.20 O’Donnel et al.10 reported
that optimal AVD and VVD vary over time and could not be pre-
dicted in individual patients. Finally, Ritter et al. also confirmed a
large variability in optimized AVD and VVD, individually and over

time.16 All these studies suggest the need for individual and period-
ic device optimization. Our results are aligned with these findings:
in the group of patients systematically optimized, optimal AVD
remained unchanged in only 11%, 51% of the patients presenting
shortened AVD and 38% lengthened AVD. A large variability of
optimal AVD was observed over time, with an average absolute
variation of 20.6+16 ms. Moreover, Brenyo et al.21 reported
short values for optimal AVD (,100 ms) that were associated
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Table 2 Atrioventricular and interventricular delays in the systematically optimized (Group 1) vs. the
non-systematically optimized (Group 2) groups

M0–M3 M3–M6 M6–M12

AV Delay (ms)a Sys. opt. (Group 1), n ¼ 66 100+24 101+25 95+22
Non-sys. opt. (Group 2), n ¼ 133 107+20 107+24 106+23
P value 0.029 0.121 ,0.001

VV Delay (ms)b,c Sys. opt. (Group 1), n ¼ 66 212+32 211+31 213+31
Non-sys. opt. (Group 2), n ¼ 133 215+30 211+24 212+25
P value 0.360 0.956 0.971

Values are expressed as mean+ standard deviation.
aP ¼ 0.006 for difference between groups over the 3 follow-up visits (analysis of variance).
bNegative values indicate LV pre-activation; positive values indicate RV pre-activation.
cP ¼ NS for difference between study groups over the 3 study visits (analysis of variance).
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Table 3 Primary and secondary endpoints and echocardiographic parameters in the systematically optimized group
(Group 1) and the non-systematically optimized group (Group 2)

Group 1, sys. opt. (n 5 66) Group 2, non-sys. opt. (n 5 133) Pc

Composite criteriona improved, n (%) 56/66 (85%) 81/133 (61%) ,0.001

Free from deaths and HFH, n (%) 60/66 (91%) 95/133 (71%) 0.002

Free from death, n (%) 64/66 (97%) 114/133 (86%) 0.014

Free from hospitalizations, n (%) 61/66 (92%) 102/133 (77%) 0.007

NYHA functional class

Baseline 3.0+0.2, n ¼ 66 3.1+0.3, n ¼ 131

Last follow-up 1.9+0.6, n ¼ 63 ,0.001b 2.2+0.7, n ¼ 109 ,0.001b 0.018

EQ-VAS QoL scores

Baseline 49+19, n ¼ 58 49+19, n ¼ 99

Last follow-up 67+18, n ¼ 58 ,0.001b 65+19, n ¼ 99 ,0.001b 0.479

LVEF (%)

Baseline 27+8, n ¼ 61 27+8, n ¼ 118

Last follow-up 38+13, n ¼ 57 ,0.001b 38+14, n ¼ 97 ,0.001b 0.749

LVEDD (mm)

Baseline 65+9, n ¼ 54 68+10, n ¼ 88

Last follow-up 61+11, n ¼ 54 0.003b 60+11, n ¼ 88 ,0.001b 0.911

LVESD (mm)

Baseline 55+10, n ¼ 55 57+11, n ¼ 82

Last follow-up 49+13, n ¼ 55 ,0.001b 48+13, n ¼ 82 ,0.001b 0.981

Values are expressed in % (numbers) or mean+ standard deviation.
aComposite of parameters including deaths from any cause, HF-related hospitalizations, NYHA class and QoL.
bTest at 1 year from baseline in each group.
cTest at 1 year between groups.
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with a greater reduction in LV end-systolic volume (LVESV). These
results are further supported by the analysis presented: mean AVD
values in the systematically optimized group were shortened up to
,100 ms and remained significantly shorter than those of the non-
systematically optimized patients.

Concerning clinical outcomes, our results are in contrast to
those reported in landmark trials such as FREEDOM and
SMART-AV. The FREEDOM trial did not show any significant
improvements in response rates when CRT was optimized
based on AVD and VVD.14 The SMART-AV trial found no differ-
ences in HF-related events and LVESV between systematic AVD
optimization with an automatic algorithm and AVD optimization
using echocardiography or a fixed AVD of 120 ms.15 The
reasons why our results differ remain speculative. However, in
the SMART-AV trial the primary endpoint was not based on a
clinical composite criterion, the study lasted only 6 months
and no VVD optimization was performed. In the CLEAR and
the FREEDOM trials, the composite endpoint was slightly differ-
ent, i.e. a composite of all-cause death, HF hospitalization,
NYHA functional class and QoL score in the CLEAR study
and a composite of all-cause death, HF hospitalization and
NYHA functional Class in the FREEDOM trial. Moreover, the
algorithms employed differ markedly between the three
studies, as well as the optimization methods. Importantly, in
this CLEAR post-hoc analysis the benefit of CRT optimization
could be observed only when the optimization was performed
systematically at each follow-up. A lower rate of optimization
in SMART-AV and FREEDOM studies could explain the differ-
ences observed. Finally, SMART-AV and FREEDOM included
patients indicated for CRT devices with defibrillator compared

with this study which included patients indicated for CRT with
pacemaker.

Because no large-scale randomized clinical trials have yet proven
sufficient evidences, no recommendations on long-term CRT man-
agement and specifically on AVD and VVD optimizations are offi-
cially given to date. However, even though the modest sample size
advocates caution when interpreting the data, this post hoc analysis
supports the need for greater efforts to frequently optimize CRT
programming in clinical practice, and this whatever the method
chosen (echo-based or with SonRTM).

Optimization methods and clinical
implications
In this context, an automated device-based CRT optimization has
several advantages over the usual echocardiographic methods.
They obviate the need for a complicated initial optimization pro-
cedure, as well as for recurrent optimizations at clinical follow-up
visits. They further fine-tune the performance of the device
according to changing patient needs, in a way not possible
without impractically frequent patient visits. Several studies show
how poorly patients are optimized through echocardiographic
methods and even not optimized at all in clinical practice.11 The
encouraging results presented allow considering SonRTM as a
viable option for systematic optimization, since in this analysis
86% of patients were optimized by this hemodynamic sensor.

Nevertheless, long-term clinical benefits of AVD and VVD opti-
mization and the efficiency of the automated devices remain to be
further demonstrated, together with the underlying mechanisms
involved in CRT optimization elucidated. A large scale trial
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(RESPOND CRT, Clinicaltrial.gov: NCT01534234) has started and
is planned to include up to 1000 patients to further investigate this
rapidly evolving technology.

Study limitations
This post hoc analysis has its associated caveats. This was a non-
randomized analysis from a randomized trial. Another limitation
to be considered is the unblinded assessment of NYHA functional
class.

A trend towards more ischaemic and diabetic patients was
observed in Group 2 compared with Group 1, but without any
clinical (and statistical) difference. Therefore, it is unlikely that
these baseline trends played a role in the study findings.

Finally, no differences in markers of remodelling could be high-
lighted between frequent and non-frequent optimization; several
other studies have shown similar weak correlations between echo-
cardiographic and clinical responses to CRT.22,23

Conclusions
This post hoc analysis from the CLEAR pilot study data further sug-
gests the clinical value of frequent CRT optimization on the long
term in severe chronic heart failure patients. Even though the
modest sample size advocate caution when interpreting the data,
results support the interest for greater efforts towards frequent
CRT optimization programming in clinical practice.

Acknowledgments
The authors thank Alberto Borri Brunetto, MSc, and Maria Cristina
Porciani, MD, for their contribution to this study; Pierre-Henri Siot
for his statistical expertise; Pelle Stolt, PhD, Anne Rousseau-Plasse,
PhD, and Frédérique Maneval, MSc, for their editorial assistance.

Conflict of interest: Peter Paul Delnoy, Philippe Ritter, Herbert
Naegele, Serafino Orazi, Hanna Szwed, Igor Zupan, Kinga
Goscinska-Bis, Frederic Anselme and Luigi Padeletti have received
fees from Sorin CRM SAS, the sponsor of the CLEAR trial. Maria
Martino is an employee of Sorin CRM SAS.

Funding
This work was supported by Sorin CRM, Clamart, France.

Appendices

Members of the Steering
Committee
Philippe Ritter, MD, Principal Investigator, University Hospital of
Bordeaux, Pessac, France; Peter Paul Delnoy, MD, PhD, Isala Klinie-
ken, Zwolle, Netherlands; Maurizio Lunati, MD, Niguarda Hospital,
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ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure
2012: The Task Force for the Diagnosis and Treatment of Acute and Chronic

P.P. Delnoy et al.1180



Heart Failure 2012 of the European Society of Cardiology. Developed in collab-
oration with the Heart Failure Association (HFA) of the ESC. Eur Heart J 2012;33:
1787–847. Epub 2012 May 19.

2. Abraham WT, Fisher WG, Smith AL, Delurgio DB, Leon AR, Loh E et al. for the
MIRACLE Study Group. Cardiac resynchronization in chronic heart failure. N Engl
J Med 2002;346:1845–53.

3. Saxon LA, Boehmer JP, Hummel J, Kacet S, De Marco T, Naccarelli G et al. Biven-
tricular pacing in patients with congestive heart failure: two prospective rando-
mized trials. The VIGOR CHF and VENTAK CHF Investigators. Am J Cardiol
1999;83:120D–3D.

4. Young JB, Abraham WT, Smith AL, Leon AR, Lieberman R, Wilkoff B et al. for the
Multicenter InSync ICD Randomized Clinical Evaluation (MIRACLE ICD) Trial
Investigators. Combined cardiac resynchronization and implantable cardioversion
defibrillation in advanced chronic heart failure: the MIRACLE ICD Trial. JAMA
2003;289:2685–94.

5. Adelstein EC, Shalaby A, Saba S. Response to cardiac resynchronization therapy in
patients with heart failure and renal insufficiency. Pacing Clin Electrophysiol 2010;33:
850–9.

6. Bleeker GB, Schalij MJ, Van der Wall EE, Bax JJ. Postero-lateral scar tissue resulting
in non-response to cardiac resynchronization therapy. J Cardiovasc Electrophysiol
2006;17:899–901.

7. Ansalone G, Giannantoni P, Ricci R, Trambaiolo P, Fedele F, Santini M. Doppler
myocardial imaging to evaluate the effectiveness of pacing sites in patients receiv-
ing myocardial imaging to evaluate the effectiveness of pacing sites in patients re-
ceiving biventricular pacing. J Am Coll Cardiol 2002;39:489–99.

8. Antonini L, Auriti A, Pasceri V, Meo A, Pristipino C, Varveri C et al. Optimization
of the atrioventricular delay in sequential and biventricular pacing: physiological
bases, critical review, and new purposes. Europace 2012;14:929–38.

9. Porciani MC, Dondina C, Macioce R, Demarchi G, Pieragnoli P, Musilli N et al.
Echocardiographic examination of atrioventricular and interventricular delay op-
timization in cardiac resynchronization therapy. Am J Cardiol 2005;95:1108–10.

10. O’Donnell D, Nadurata V, Hamer A, Kertes P, Mohamed W. Long-term variations
in optimal programming of cardiac resynchronization therapy devices. Pacing Clin
Electrophysiol 2005;28(Suppl 1):24–6.

11. Gras D, Gupta MS, Boulogne E, Guzzo L, Abraham WT. Optimization of AV and
VV delays in the real-world CRT patient population: an international survey on
current clinical practice. Pacing Clin Electrophysiol 2009;32(Suppl 1):S236–9.

12. Delnoy PP, Marcelli E, Oudeluttikhuis H, Nicastia D, Renesto F, Cercenelli L et al.
Validation of a peak endocardial acceleration-based algorithm to optimize cardiac
resynchronization: early clinical results. Europace 2008;10:801–8.

13. Cuoco FA, Gold MR. Optimization of cardiac resynchronization therapy:
importance of programmed parameters. J Cardiovasc Electrophysiol 2012;
23:110–8.

14. Abraham WT, Gras D, Yu CM, Calo L, Islam N, Klein N et al. Results from the
FREEDOM trial: assess the safety and efficacy of frequent optimization of
cardiac resynchronization therapy. Presented at Heart Rhythm Society 31st
Annual Scientific Sessions Denver, CO, 2010, Abstract SP08.

15. Ellenbogen KA, Gold MR, Meyer TE, Lozano IF, Mittal S, Waggoner AD et al.
Primary results from the SmartDelay determined AV optimization: a comparison
to other AV delay methods used in cardiac resynchronization therapy
(SMART-AV) trial: a randomized trial comparing empirical, echocardiography-
guided, and algorithmic atrioventricular delay programming in cardiac resynchro-
nization therapy. Circulation 2010;122:2660–8.

16. Ritter P, Delnoy PP, Padeletti L, Lunati M, Naegele H, Borri-Brunetto A et al. ran-
domized pilot study of optimization of cardiac resynchronization therapy in sinus
rhythm patients using a peak endocardial acceleration sensor vs. standard
methods. Europace 2012;14:1324–33.

17. Swedberg K, Cleland J, Dargie H, Drexler H, Follath F, Komajda M et al. Task force
for the diagnosis and treatment of CHF of the European Society of Cardiology.
Guidelines for the diagnosis and treatment of chronic heart failure: full text. Eur
Heart J 2005;26(11):1115–40.

18. EuroQol Group. EuroQol-A new facility for the measurement of health-related
quality of life. The EuroQol Group. Health Policy 1990;16:199–208.

19. Mullens W, Grimm RA, Verga T, Dresing T, Starling RC, Wilkoff BL et al. Insights
from a cardiac resynchronization optimization clinic as part of a heart failure
disease management program. JACC 2009;53:765–73.

20. Zhang Q, Wing-Hong Fung J, Chan YS, Chi-Kin Chan H, Lin H, Chan S et al. The
role of repeating optimization of atrioventricular interval during interim and long-
term follow-up after cardiac resynchronization therapy. Int J Cardiol 2008;124:
211–7.

21. Brenyo AJ, Tompkins C, Moss A, Barsheshet A, Rao M, Huang DT et al. Atrioven-
tricular delay and the risk of heart failure and death in MADIT-CRT. Heart Rhythm
2012;9(Suppl 5S):65.

22. Foley PW, Leyva F, Frenneaux MP. What is treatment success in cardiac resyn-
chronization therapy? Europace 2009;11(Suppl 5):v58–65.

23. Delnoy PP, Lunati M, Nagele H, Padeletti L, Silvestre J, Martino M et al. Periodic
VV and AV delays optimization in cardiac resynchronization therapy improves
patients’ clinical outcome: results from the CLEAR study. Heart Rhythm 2010;
7(5S):55.

Association between frequent cardiac resynchronization therapy optimization and long-term clinical response 1181



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /JPXEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /JPXEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


