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Abstract

Aims This study sought to describe and evaluate the impact of a routine in-hospital cardiac resynchronization therapy (CRT)
programme, including comprehensive heart failure (HF) evaluation and systematic echo-guided CRT optimization.
Methods and results CRT implanted patients were referred for optimization programme at 3 to 12 months from implanta-
tion. The program included clinical and biological status, standardized screening for potential cause of CRT non-response and
systematic echo-guided atrioventricular and interventricular delays (AVd and VVd) optimization. Initial CRT-response and im-
provement at 6 months post-optimization were assessed with a clinical composite score (CCS). Major HF events were tracked
during 1 year after optimization. A total of 227 patients were referred for CRT optimization and enrolled (71 ± 11 years old,
77% male, LVEF 30.6 ± 7.9%), of whom 111 (48.9%) were classified as initial non-responders. Left ventricular lead dislodge-
ment was noted in 4 patients (1.8%), and loss or ≤90% biventricular capture in 22 (9.7%), mostly due to arrhythmias. Of
the 196 patients (86%) who could undergo echo-guided CRT optimization, 71 (36.2%) required VVd modification and
50/144 (34.7%) AVd modification. At 6 months post-optimization, 34.3% of the initial non-responders were improved accord-
ing to the CCS, but neither AVd nor VVd echo-guided modification was significantly associated with CCS-improvement. After
one-year follow-up, initial non-responders maintained a higher rate of major HF events than initial responders, with no signif-
icant difference between AVd/VVd modified or not.
Conclusions Our study supports the necessity of a close, comprehensive and multidisciplinary follow-up of CRT patients,
without arguing for routine use of echo-guided CRT optimization.
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Introduction

Cardiac resynchronization therapy (CRT) is an effective treat-
ment for heart failure (HF) with reduced left ventricular (LV)
ejection fraction (LVEF) and wide QRS complex. Large ran-
domized controlled trials showed that CRT improves symp-
toms and quality of life, results in favourable LV remodelling

and decreases morbidity and mortality in this population.1,2

However, up to 30% of the implanted patients according to
European Society of Cardiology guidelines3 do not benefit
from this therapy and are considered non-responders.4

Some common baseline patient characteristics have
emerged as risk factors for non-response, such as ischemic
cardiomyopathy or non-left bundle branch block (LBBB) QRS
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morphology.5 In addition to rigorous patient selection and
optimal LV lead placement, clinicians should strive to find
and eliminate potential post-implant causes for non-response,
such as inadequate device programming, atrial arrhythmias,
premature ventricular contractions (PVCs), secondary valve
regurgitation, or non-optimal HF management.5 In order to
improve the rate of CRT responders, post-implantation opti-
mization of atrioventricular and interventricular delays (AVd
and VVd) has been proposed. Transthoracic echocardiography
is considered the gold standard for AVd and VVd optimization
although no consensus has emerged on when, how and which
patients should benefit from this technique. Despite promis-
ing results on acute haemodynamic parameters, the contrast-
ing results of randomized clinical trials6,7 led to low use of this
time-consuming technique in current practice and last Euro-
pean Heart Rhythm Association position paper states that cur-
rent evidence does not strongly support the performance of
routine AVd and VVd optimization in all patients receiving
CRT.5 However, non-optimal AVd/VVd programming has been
shown to be frequent in real-world CRT population,8 ad-
versely impacting on LV remodelling and outcomes.9

Echo-guided CRT optimization may therefore still have a place
in the management of CRT patients inside a comprehensive
CRT and HF programme.5,10 Few data are available on the im-
pact of such programme in contemporary unselected real-life
CRT population.8

Our study aimed to describe and evaluate the impact on
CRT response of a routine in-hospital CRT management pro-
gramme, including HF clinical and biological status and sys-
tematic echo-guided CRT optimization.

Methods

Patient population

Between March 2015 and October 2019, all CRT-implanted
patients at Henri Mondor University Hospital (AP-HP, Creteil,
France), according to European Class I or IIa
recommendations,3 were referred for optimization pro-
gramme at 3 to 12 months after the index procedure. Inclu-
sion criteria were all patients implanted with CRT-pacemaker
or CRT-defibrillator admitted for CRT optimization manage-
ment. Exclusion criteria were missing functional status (NYHA
class) at implantation and interval between first CRT implanta-
tion and optimization ≥1 year.

Implantation procedure

Patients were implanted with commercially available devices
(Boston Scientific, Medtronic, St Jude Medical or Liva Nova)
and any compatible right atrial, right ventricular (RV) and
LV lead. LV stimulation vectors and initial AVd and VVd were

programmed at the discretion of the implanting physician. In-
tracardiac electrogram (IEGM)-based optimization algorithms
QuickOpt™ (Abbott, Chicago, Illinois, USA) and SmartDelay™

(Boston Scientific, Marlborough, Massachusetts, USA) were
used for St Jude Medical and Boston Scientific devices respec-
tively when deemed necessary. AdaptiveCRT™ algorithm
(Medtronic, Minneapolis, Minnesota, USA) for dynamic
IEGM-based optimization could be activated for compatible
Medtronic devices.11 For CRT defibrillators from Liva Nova,
SonR™ algorithm (Sorin Microport CRM, Clamart, France) for
continuous AVd/VVd optimization based on peak
endocardial acceleration, was activated when the
appropriate right atrial lead was implanted.12 Eligible
patients were systematically referred at 3 to 12 months
after CRT implantation for comprehensive optimization
programme.

Comprehensive evaluation and optimization
procedure

Patients were hospitalized for 1 or 2 days. The assessment
systematically included clinical evaluation, 12-lead electrocar-
diogram (ECG), 6 min walk test to assess exercise tolerance,
Minnesota Living with Heart Failure Questionnaire to assess
quality of life, antero-posterior chest X-ray, standard labora-
tory tests and a comprehensive device analysis. Next, trans-
thoracic echocardiography (Vivid E95, GE Medical Systems,
Milwaukee, USA) was performed by an expert physician and
evaluated: LV diameters and volumes, LVEF measured by
Simpson Biplane method, left ventricular outflow tract
(LVOT) velocity time integral (VTI), LV filling pattern with mi-
tral pulsed Doppler, systolic pulmonary artery pressure, and
interventricular mechanical delay calculated as the difference
between LV and RV pre-ejection period in absolute value
(measured from the onset of QRS to onset of aortic and pul-
monary flows respectively).13 Finally, an echo-guided optimi-
zation of AVd and VVd was systematically sought except for
patients who had recovered LVEF ≥60% with initial settings,
and patients with SonR™ algorithm activated. For patients in
sinus rhythm (SR), AVd optimization was first achieved
according to the mitral pulsed Doppler based iterative
method.13 When feasible, atrial-paced (AP) and
atrial-sensed (AS) AVd were independently optimized. Other-
wise, an empirical AP-AS AVd offset was programmed. Next,
for all patients including those in atrial fibrillation (AF), VVd
optimization was performed with 10 ms steps from 50 ms
LV-first to 50 ms RV-first in order to obtain the largest LVOT
VTI.13 In case of hesitation between two LVOT
VTI-optimized VVd, physician could choose the one with the
lowest interventricular mechanical delay. In case of non-opti-
mal LV filling pattern and/or LVOT VTI, patients with
AdaptiveCRT™ algorithm ‘ON’ could be switched to optimized
fixed settings. Several physicians and sonographers were
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trained in the standardized optimization protocol. All CRT op-
timization procedures were supervised by a single research
engineer trained in cardiac pacing.

Evaluation of initial cardiac resynchronization
therapy response

At the time of in-hospital optimization, CRT initial response
was assessed using a clinical composite score (CCS).14 A pa-
tient was considered a CRT responder if (i) had no hospitali-
zation for decompensated HF and (ii) had ≥1-point decrease

in New York Heart Association (NYHA) functional class since
CRT implantation.

Follow-up

We prospectively evaluated the clinical impact of our CRT
optimization programme. Primary endpoint was the rate of
CCS improvement at 6 months post-optimization. Precisely,
a patient was considered improved since optimization if (i)
alive; (ii) had no hospitalization for decompensated HF, heart
transplantation or need for mechanical circulatory support;
and (iii) had ≥1-point decrease in NYHA class since optimiza-

Figure 1 Flow chart of the CRT optimization programme. CRT, cardiac resynchronization therapy; ECG, electrocardiogram; LVEF, left ventricle ejection
fraction; AVd, atrioventricular delay; VVd, interventricular delay; LVOT VTI, left ventricular outflow tract velocity time integral.
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tion. Secondary endpoints included NYHA class and a
combined endpoint of hospitalization for decompensated
HF, all-cause death, heart transplantation and need for me-
chanical circulatory support after optimization programme.

The CCS at 6 months post-optimization was ascertained
during in-person visit. All case report forms were monitored
prospectively by an independent research technician. Data
during the follow-up were collected from paper medical
reports, clinic consultation and all patients received a phone
call from our unit every 3 months to evaluate their clinical
status and assess potential hospitalization due to
decompensated HF.

The study protocol was approved by a national ethics com-
mittee and the study was performed in accordance with the
ethical principles stated in the Declaration of Helsinki. All pa-
tients gave written inform consent to participate to the study.

Statistical analysis

Continuous variables are expressed as mean ± SD. They were
compared using the unpaired Student’s t-test or Mann–Whit-
ney test if necessary. Categorical variables, expressed as num-
bers or percentages, were analysed with the χ2 or Fisher’s ex-
act test. Univariate comparisons of these variables were
performed. Kaplan–Meier survival curves were constructed
for the combined endpoint. Log-rank test was used to com-
pare the cumulative probability of event curves between
groups. All tests were two-tailed and a P-value <0.05 was
considered statistically significant. Statistical analyses were
performed using SPSS Inc. Released 2007. SPSS for Windows,
Version 16.0. Chicago, SPSS Inc and R v3.6.0 (R Foundation,
Vienna, Austria; package cutpoint).

Results

Patient population

Between September 2015 and February 2020, 259 patients
were admitted in Henri Mondor University Hospital (AP-HP,
Creteil, France) for CRT optimization programme. NYHA class
at implantation was missing for 18 patients and 14 patients
were excluded due to an interval between first CRT implanta-
tion and optimization superior to 1 year (Figure 1). A total of
227 patients were included. Median time between implanta-
tion and CRT optimization programme was 5.4 months
(interquartile range 3.8–7.5 months).

Table 1 Baseline characteristics at CRT implantation

N = 227

Age, year 71.4 ± 11.5
Male sex, n (%) 174 (76.7)
Body mass index, kg/m2 27 ± 5.4
Cardiopathy
Ischaemic cardiomyopathy, n (%) 83 (36.6)
Non-ischaemic cardiomyopathy, n (%) 83 (36.6)
Other, n (%) 61 (26.9)

Co-morbidities
Diabetes, n (%) 72 (31.7)
Hypertension, n (%) 143 (63.0)
Dyslipidaemia, n (%) 113 (49.8)
Chronic kidney disease, n (%) 109 (48.0)
Obesity, n (%) 51 (22.5)

NYHA class
II, n (%) 103 (45.4)
III, n (%) 90 (39.6)
IV, n (%) 34 (15.0)

Atrial fibrillation, n (%) 123 (54.2)
Paroxysmal 47 (20.7)
Persistent 30 (13.2)
Permanent 46 (20.3)

NT-proBNP, pg/mL 4809 ± 6821
ECG
Spontaneous QRS, n (%) 175 (77.1)
QRS duration, ms 138.5 ± 28.0
Complete LBBB, n (%) 128 (56.4)
RV pacing, n (%) 52 (22.9)
QRS duration, ms 167.7 ± 31.6

Echocardiography
LVEF, % 30,6 ± 7.9
LVEF >35%, n (%) 45 (19.8)
LV end-diastolic diameter, mm 61.3 ± 12.1
LV end-diastolic volume, mL 176.9 ± 84.6

Medication, n (%)
Beta-blocker 184 (81.2)
ACE inhibitor or ARB 170 (74.9)
ARNI 30 (13.2)
Aldosterone antagonist 123 (54.2)
Diuretic agent 181 (79.7)
Amiodarone 67 (29.5)

Device data
CRT defibrillator, n (%) 150 (66.1)
LV lead position, n (%)
Lateral 114/201 (56.7)
Anterolateral 52/201 (25.9)
Posterolateral 24/201 (11.9)
Anterior 4/201 (2.0)
Posterior 2/201 (1.0)
Left Bundle Branch 1/201 (0.5)
Epicardial 3/201 (1.5)

Quadripolar LV lead, n (%) 187 (87.8)
Boston Scientific device, n (%) 74 (32.6)
St Jude Medical device, n (%) 68 (30.0)
Medtronic device, n (%) 63 (27.8)
LivaNova device (only CRT-D), n (%) 22 (9.7)
Remote monitoring, n (%) 36 (15.9)

Continuous variables are expressed using mean ± SD.
ACE, angiotensin converting enzyme; ARB, angiotensin receptor
blocker; ARNI, angiotensin receptor neprilysin inhibitor; CRT, car-
diac resynchronization therapy; ECG, electrocardiogram; LBBB, left
bundle branch block; LV, left ventricular; LVEF, left ventricular ejec-
tion fraction; NYHA, New York Heart Association; RV, right
ventricular.

3104 T. Moulin et al.

ESC Heart Failure 2022; 9: 3101–3112
DOI: 10.1002/ehf2.14043

 20555822, 2022, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ehf2.14043 by T

est, W
iley O

nline L
ibrary on [21/11/2022]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



Baseline characteristics

Baseline characteristics of the 227 patients at CRT implanta-
tion are presented in Table 1. Particularly, 77% of patients
were male with a mean age of 71 ± 11 years and 37%
presented ischemic cardiomyopathy. Forty-five per cent of
patients were in NYHA functional class II. Mean LVEF was
30.6 ± 7.9%. Mean native QRS duration was 138.5 ± 28 ms
(median 140 ms), and 56% had complete LBBB while 23%
underwent CRT upgrade from prior RV pacing. A total of 42
patients (18.5%) were implanted according to the Class I rec-
ommendation as follows: LVEF ≤35%, QRS ≥ 150 ms, LBBB
morphology, NYHA class ≥2, SR.3 Remote monitoring was ac-
tivated for 16% of our population.

Initial cardiac resynchronization therapy response

At the time of CRT optimization, according to the CCS, 116
patients (51.1%) were classified as CRT responders. Charac-
teristics of CRT responders versus non-responders are

presented in Table 2. Non-responders were older, had more
ischemic cardiomyopathy and other comorbidities such as
chronic renal failure and hypertension. CRT responders had
narrower LV-captured QRS complex than non-responders
(132.1 ± 22.7 ms vs. 140.2 ± 25.8 ms, P = 0.01). Other differ-
ences were not statistically significant.

Comprehensive evaluation and screening for
potential causes of cardiac resynchronization
therapy non-response

Between implantation and optimization, mean NYHA class
improved by 0.65 ± 0.94. Mean LVEF was 38.7 ± 11% and
mean LV-captured QRS duration was 136.1 ± 24.5 ms at opti-
mization time (Supporting Information, Table S1). Screening
for potential causes of CRT non-response is presented in
Figure 2. Particularly, 6 patients (2.6%) presented with no
LV capture due to LV lead dislodgement or high LV stimula-
tion threshold, and 20 patients (8.8%) presented with BiV
pacing rate ≤90% (see management details in online-only

Table 2 Characteristics of initial CRT responders versus non-responders

Responders (N = 116) Non-responders (N = 111) P

Baseline characteristics
Age, year 69.4 ± 11.3 73.6 ± 11.5 0.006
Male sex, n (%) 90 (77.6) 84 (75.7) 0.73
Body mass index, kg/m2 26.9 ± 5.4 27.2 ± 5.9 0.69
Ischaemic cardiomyopathy, n (%) 32 (27.6) 51 (45.9) 0.004
Non-ischaemic cardiomyopathy, n (%) 53 (45.7) 30 (27.0) 0.004
Cardiac amyloidosis, n (%) 6 (5.2) 12 (10.8) 0.12
Diabetes, n (%) 36 (31.0) 36 (32.4) 0.82
Hypertension, n (%) 65 (56.0) 78 (70.3) 0.03
Dyslipidaemia, n (%) 53 (45.7) 60 (54.1) 0.21
Chronic kidney disease, n (%) 48 (41.4) 61 (55.0) 0.04
Obesity, n (%) 24 (20.7) 27 (24.3) 0.51
NYHA class at implantation 2.82 ± 0.72 2.57 ± 0.70 0.009
NT-proBNP at implantation, pg/mL 5013 ± 8231 4596 ± 4834 0.64
History of atrial fibrillation, n (%) 62 (53.4) 61 (55.0) 0.82
Permanent atrial fibrillation, n (%) 19 (16.4) 27 (24.3) 0.14
QRS duration before implantation, ms 147.4 ± 32.0 141.8.6 ± 30.0 0.18
LBBB, n (%) 70 (60.3) 58 (52.3) 0.22
RV pacing before implantation, n (%) 24 (20.7) 28 (25.2) 0.42
LVEF at implantation, % 30.4 ± 8.6 30.8 ± 7.1 0.70
LV end-diastolic diameter at implantation, mm 62.7 ± 29.3 59.7 ± 29.6 0.44
LV end-diastolic volume at implantation, mL 189.2 ± 112.7 162.4 ± 95.1 0.055
CRT Defibrillator, n (%) 75 (64.7) 75 (67.6) 0.64
Lateral LV lead, n (%) 63/103 (61.2) 51/98 (52.0) 0.19
Remote monitoring, n (%) 17 (14.7) 19 (17.1) 0.61

CRT initial settings (at optimization time)
AP AVd, ms (n = 164) 163 ± 27.6 158.6 ± 29.8 0.25
AS AVd, ms (n = 164) 119.6 ± 26.0 114.7 ± 21.6 0.12
VVd = 0 ms, n (%) 84/108 (77.8) 84/108 (77.8) 1.00
LV first pacing, n (%) 16/108 (14.8) 14/108 (13.0) 0.69
RV first pacing, n (%) 0/108 (0) 5/108 (4.6) 0.12
LV only pacing, n (%) 6/108 (5.6) 3/108 (2.8) 0.31
AdaptiveCRT™ ‘ON’, n (%) 18/31 (58.1) 16/32 (50.0) 0.52
QRS duration, ms 132.1 ± 22.7 140.2 ± 25.8 0.01

Continuous variables are expressed using mean ± SD.
CRT, cardiac resynchronization therapy; LBBB, left bundle branch block; LV, left ventricular; LVEF, left ventricular ejection fraction; NYHA,
New York Heart Association; RV, right ventricular; AP, atrial-paced; AS, atrial-sensed; AVd, atrioventricular delay; VVd, interventricular
delay.
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supplementary data). Phrenic nerve stimulation was noted in
9 patients (4%), successfully corrected with vector configura-
tion modification in 8. Nineteen patients (8%) presented with
decompensated HF and required prolongation of hospitaliza-
tion for intravenous diuretic administration. Upgrade of HF
medication, defined as introduction or increase of either
beta-blocker, aldosterone antagonist, angiotensin conversion
enzyme inhibitor, angiotensin receptor blocker, angiotensin
receptor neprilysin inhibitor or diuretics occurred in 96 pa-
tients (42%).

Atrioventricular delay and interventricular delay
optimization

Among the 227 patients, 10 recovered LVEF ≥60% with initial
settings, 4 had SonR™ algorithm activated, and 17 could not
undergo echo-guided CRT optimization for various reasons
(see Figure 1). In total, 196 patients (86.3%) underwent
echo-guided AVd and VVd optimization.

Of the 144 patients in SR, 50 (34.7%) required ≥10 ms AVd
modification (reduction for two third, prolongation for one
third, mean change 35.6 ± 23 ms, Supporting Information,
Table S2). Distributions of AS AVd before and after
optimization are presented in Figure 3. Echo-guided
optimization resulted in a global reduction of AVd.

Of the 196 patients, 71 (36.2%) required ≥10 ms VVd mod-
ification (mean change 21.3 ± 10.2 ms), among which 50
(70.4%) required change from synchronous BiV pacing
(VVd = 0 ms) to sequential LV first pacing (Supporting Infor-
mation, Table S3). After optimization, 105 of the 196 patients
(53.6%) presented synchronous BiV pacing and 85 (43.4%)
presented sequential LV first pacing (Figure 3).

In total, 91 of the 196 patients (46.4%) required ≥10 ms
AVd and/or VVd echo-guided modification, and 30 (20.8%
of patients in SR) required both. Examples of echo-guided op-
timization of AVd and VVd are presented in Figure 4.

Among initial CRT responders, 28 patients (35.0%) re-
quired AVd modification and 43 (41.0%) required VVd modi-
fication, versus 22 (34.4%) and 28 (30.8%) among initial
non-responders (AVd: P = 0.94; VVd: P = 0.14).

Of the 35 patients with AdaptiveCRT™ algorithm ‘ON’, 14
(40.0%) were switched to optimized fixed AVd/VVd. The
QuickOpt™ proposal matched with the echo-based optimized
AVd in four patients (10.0%) and the VVd in four patients
(6.8%), while the SmartDelay™ proposal matched with the
echo-based optimized AVd in two patients (3.8%).

Follow-up

Clinical status at 6 months post-optimization was obtained
for 208 patients (91.6%) while 19 (8.4%) were lost to

Figure 2 Screening for potential causes of CRT non-response. AVd, atrioventricular delay; VVd, interventricular delay; LV, left ventricular; HF, heart
failure; BiV, biventricular; SVT, supraventricular tachycardia; PVC, premature ventricular contraction.
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follow-up. Since optimization, 42 patients (20.2%) were
considered CCS improved, while 57 (27.4%) were considered
worsen among which 13 (6.3%) died, and 22 (10.6%) were
hospitalized for decompensated HF before 6 months revalua-
tion. Importantly, 36 of the 105 (34.3%) initial
non-responders were CCS improved 6 months after our pro-
gramme (Figure 5). Between optimization and 6 months re-
valuation, mean NYHA class improved by 0.08 ± 0.70 points
among all 6 months survivors (n = 195) and by 0.32 ± 0.74
points among initial non-responders (n = 96).

Characteristics of 6 months-improved versus not improved
patients among initial CRT non-responders are presented in
Table 3. Improved patients had higher NYHA class, higher
6 min walk test distance, and less dilated LV at optimization
time. No other statistical difference was noted between the
two groups. Importantly, neither echo-guided AVd nor VVd
modification was associated with CCS improvement after
the optimization programme (Table 3).

After 1-year follow-up from optimization, the combined
endpoint of hospitalization for decompensated HF, all-cause
death, heart transplantation or need for mechanical circula-

tory support occurred in 36 patients (17.3%). The cumulative
rate of the combined endpoint during the year following op-
timization was compared between initial CRT responders and
non-responders. Non-responders maintained a higher rate of
major HF events (25.7% vs. 8.7%, P < 0.01) (Figure 6A), and
this rate was not modified by AVd/VVd optimization in initial
non-responders (Figure 6B,C).

Discussion

We present a cohort of real-life systematic comprehensive
in-hospital CRT management programme including routine
echo-guided AVd and VVd optimization. The main findings
of our study are (i) 46% of patients required echo-guided
modification of AVd and/or VVd (AVd: 35%, VVd: 36%); (ii)
34% of the initial CCS non-responders were CCS improved
6 months after the programme; (iii) neither AVd nor VVd
echo-guided modification was significantly associated with
CCS improvement at 6 months post-optimization.

Figure 3 Distribution of AVd and VVd before and after optimization. (A) AS AVd before optimization. (B) AS AVd after optimization. (C) VVd before
optimization. (D) VVd after optimization. AVd, atrioventricular delay; AS, atrial-sensed; LV, left ventricular; RV, right ventricular; VVd, interventricular
delay.
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Cardiac resynchronization therapy response

CRT is a highly effective treatment for HF, but a significant pro-
portion of non-response has remained its main limitation. Yet,
no consensus definition of CRT response has emerged, and the
rate of non-responders highly depends on its definition.4 The
CCS used in our study was validated in landmark CRT trials.4

In a recent real-life prospective study using this composite
endpoint, the rate of non-responders at 6 months reached
31%.15 This rate was significantly higher in our population
(49%) and several reasons may explain this discrepancy. First,
our population was older (71.4 vs. 67.5 years old). Further-
more, our patients were mildly symptomatic at implantation
(45% NYHA II) and therefore less likely to improve their

Figure 4 Examples of echo-guided AVd and VVd optimization. (A, B) 78-year-old patient with non-ishemic cardiomyopathy and complete AV block,
implanted with CRT pacemaker. (A) Too long initial AS AVd (150 ms) with merged E and A waves. (B) Shortening the delay to 80 ms resulted in sep-
aration of (E) and (A). (C, D) 71-year-old patient with valvular cardiopathy and sinus node dysfunction, implanted with CRT defibrillator. (C) Too short
initial AP AVd (120 ms) with truncated A wave. (D) After extension of AP AVd to 160 ms, mitral closure click was aligned with end of A wave. (E, F) 59-
year-old patient with ischemic cardiomyopathy, complete LBBB and LVEF reduced to 25%, implanted with CRT defibrillator. Changing the VVd from 10
to 30 ms (LV first) resulted in an acute increase of LVOT VTI (12.3 cm to 16.8 cm, heart rate 65 b.p.m.). AVd, atrioventricular delay; AS, atrial-sensed;
AP, atrial-paced; CRT, cardiac resynchronization therapy; LBBB, left bundle branch block; LV, left ventricular; LVEF, left ventricular ejection fraction;
LVOT, left ventricular outflow tract; VTI, velocity time integral; VVd, interventricular delay.
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functional status. Consistent with the former study, we
emphasize that CRT in real-world practice is used in a wider
range of patients than enrolled in randomized CRT trials, such
as non-LBBB QRS morphology, NYHA II, LVEF >35%, candi-
dates for AV junction ablation due to uncontrolled heart rate
in AF, upgrade from conventional RV pacing, or expected high
percentage of RV pacing.15 Only a minority of patients were
implanted according to Class I recommendation (LVEF ≤35%,
QRS ≥ 150 ms, LBBB morphology, NYHA class ≥2, SR) which
may explain the low observed rate of initial CRT-reponse.

Atrioventricular delay optimization

Rational for AVd optimization lies in allowing the maximal LV
diastolic filling time, preventing a too long interval resulting
in a fusion between passive and active filling, and a too short
interval resulting in truncated active filling. Nevertheless, rou-
tine post-implantation echo-guided AVd optimization was not
superior compared with an empirical fixed AS AVd of 100–
120 ms in a randomized study.6 Other authors suggest that
AVd optimization could have a beneficial impact in selected
non-responder CRT patients: in a clinical study of 75 CRT
non-responders, inadequate AVd were found to account for
non-response in almost half of patients in whom ≥30 ms
echo-guided AVd modification resulted in significant clinical
improvement.10 In our study, 35% of patients in SR had
non-optimal AVd with initial real-life settings, without differ-
ence between initial responders and non-responders, and
neither ≥10 ms nor ≥30 ms echo-guided AVd modification
in initial non-responders was associated with clinical im-

provement at follow-up. In Mullen’s study, referral of non-re-
sponder patients was based on the referring physicians’ clin-
ical impression which might have selected patients who were
more prone to be successfully optimized.10 Our
results suggest a much lower clinical impact of such an inter-
vention in an unselected CRT population compared with
other modifiable causes of non-response. The wide use of de-
vice-based algorithms for optimal AVd +/� VVd in current
clinical practice may also have reduced the impact of
echo-based optimization in our contemporary CRT
population.

Interventricular delay optimization

Rational for VVd optimization lies in improving RV-LV syn-
chrony in order to maximize stroke volume and cardiac out-
put. In our study, 36% of patients had non-optimal VVd with
initial settings. Most of them (70%) had initial synchronous
BiV pacing and were programmed with sequential LV first
pacing. Distribution of optimized VVd was comparable to
that of the controlled INSYNC III trial with almost 50% of pa-
tients programmed in sequential LV first pacing (Figure 3).16

Early studies showed that VVd optimization may improve LV
stroke volume, LVEF and reduce mitral regurgitation
compared with simultaneous BiV pacing17 which was not
translated into significant clinical improvement in larger con-
trolled trials.16 In the randomized RHYTHM II study, VVd
optimization did not improve LVEF or LV volume at 6 months
compared with out of the box simultaneous BiV pacing.7

Data on the clinical impact of VVd optimization in initial

Figure 5 Evolution of functional status according to the clinical composite score (CCS). CRT, cardiac resynchronization therapy.
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Figure 6 Cumulative rate of major HF events (HF hospitalization, all-cause death, heart transplantation, mechanical circulatory support) after optimi-
zation programme (1 year follow-up). Kaplan–Maier curves for (A) initial CRT responders versus non-responders; (B) initial CRT non-responders AVd
modified versus AVd non-modified; (C) initial CRT non-responders VVd modified versus VVd non-modified. AVd, atrioventricular delay; CRT, cardiac
resynchronization therapy; HF, heart failure; VVd, interventricular delay.

Table 3 Characteristics of CCS improved versus not improved patients at 6 months follow-up, among initial CRT non-responders

Improved (N = 36) Not improved (N = 69) P

Interventions at optimization
AVd and/or VVd modification ≥ 10 ms, n (%) 12/24 (50) 23/62 (37.1) 0.28
AVd modification ≥ 10 ms, n (%) 5/17 (29.4) 14/44 (31.8) 0.86
AVd modification ≥ 30 ms, n (%) 1/17 (5.9) 10/44 (22.7) 0.12
VVd modification ≥ 10 ms, n (%) 10/24 (41.7) 16/62 (25.8) 0.15
VVd modification ≥ 20 ms, n (%) 4/24 (16.7) 6/62 (9.7) 0.36
AVd and VVd modification ≥ 10 ms, n (%) 3/17 (17.6) 7/44 (15.9) 0.87
≥10% acute increase of LVOT VTI, n (%) 5/24 (20.8) 11/61 (18) 0.76

Characteristics at optimization
NYHA class 2.81 ± 0.67 2.49 ± 0.60 0.01
Minnesota QOL HF score, points 34.9 ± 25.1 (n = 28) 37.1 ± 22.6 (n = 60) 0.68
6 min walk test, m 369 ± 114 (n = 22) 290 ± 125 (n = 45) 0.01
LVEF, % 37.2 ± 11.9 35.2 ± 11.2 0.40
LV end-diastolic diameter, mm 61 ± 27.1 60.2 ± 9.5 0.83
LV end-diastolic volume, mL 147.3 ± 53.5 178.1 ± 80 0.04
AS AVd after optimization, ms 113.6 ± 21.9 (n = 22) 113.7 ± 25.0 (n = 47) 1.00
AP AVd after optimization, ms 154.1 ± 33.6 (n = 22) 152.0 ± 37.3 (n = 47) 0.86
VVd = 0 ms after optimization, n (%) 19 (52.8) 40 (58.0) 0.61
LV first pacing after optimization, n (%) 12 (33.3) 23 (33.3) 1.00

Baseline characteristics
Age, year 72.4 ± 14.6 74.4 ± 10.0 0.41
Male sex, n (%) 26 (72.2) 56 (81.2) 0.29
Body mass index, kg/m2 26.7 ± 5.2 27.5 ± 6.3 0.51
Ischaemic cardiomyopathy, n (%) 14 (38.9) 33 (47.8) 0.38
Non-ischaemic cardiomyopathy, n (%) 10 (27.8) 19 (27.5) 0.98
Diabetes, n (%) 9 (25.0) 22 (31.9) 0.46
Hypertension, n (%) 26 (72.2) 49 (71.0) 0.90
Dyslipidaemia, n (%) 18 (50.0) 38 (55.1) 0.62
Chronic kidney disease, n (%) 21 (58.3) 35 (50.7) 0.46
Permanent atrial fibrillation, n (%) 10 (27.8) 15 (21.7) 0.49
QRS duration at implantation, ms 135.6 ± 31.0 137.7 ± 26.5 0.72
Complete LBBB, n (%) 17/23 (73.9) 36/63 (67.9) 0.16
RV pacing before CRT implantation, n (%) 12 (33.3) 14 (20.3) 0.14
CRT defibrillator, n (%) 25 (69.4) 46 (66.7) 0.77
Lateral LV lead, n (%) 14/28 (50.0) 33/64 (51.6) 0.89
Remote monitoring, n (%) 5 (13.9) 14 (20.3) 0.42

Continuous variables are expressed using mean ± SD.
AVd, atrioventricular delay; VVd, interventricular delay; AS, atrial-sensed; AP, atrial-paced; LVOT VTI, left ventricular outflow tract velocity
time integral; CRT, cardiac resynchronization therapy; HF, heart failure; LBBB, left bundle branch block; LV, left ventricular; LVEF, left ven-
tricular ejection fraction.
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CRT non-responders are particularly scarce. In the
RESPONSE-HF trial, CRT non-responders at 3 months were
randomized to VVd optimization vs. simultaneous BiV pacing.
In the VVd optimization group, more patients became
responders at 9 months, but this difference did not reach
statistical significance and results were only published in
abstract form.18 Among initial non-responders from our
real-life study, the rate of CCS improvement at 6 months
from optimization as well as the rate of major HF events
were not statistically different between VVd modified pa-
tients and those with already optimal VVd. Although possibly
due to a lack of power, these results suggest that the
magnitude of acute haemodynamic effect with optimized
VVd may be too small to be clinically meaningful in long term
follow-up. Indeed, echo-guided modification of VVd led to a
modest acute increase of LVOT VTI and therefore stroke vol-
ume (8.6%, Supporting Information, Table S3).

Limits of cardiac resynchronization therapy
optimization

Echo-based AVd and VVd optimization present inherent
limits. First, the technical difficulty of the methods may gen-
erate inter-observer variability, which was not analysed in
our study. Second, the heterogeneity of real-life CRT patients
(multiple device brands, automatic algorithms, significant
part of patients in AF or with high rate of atrial pacing) makes
the development of a routine standardized optimization pro-
tocol challenging. Finally, optimal AVd and VVd have been
shown to vary over time according to LV (reverse) remodel-
ling, load conditions, and exercise, which led some authors
to question the relevance of fixed optimized delays.19 How-
ever, frequent periodic echo-guided AVd/VVd optimization
may not be feasible in daily clinical practice. In this context,
automatic and continuous device-based optimization using
IEGM or peak endocardial acceleration, which have been
shown to be at least non-inferior to echo-based methods
are attractive but their impact on outcomes compared with
fixed settings must be further evaluated.11,12

Based on our results, we cannot exclude that some se-
lected patients may take advantage of echo-guided AVd/
VVd optimization, however, our study lacks the power to per-
form such subgroup analyses.

Comprehensive cardiac resynchronization
therapy management programme

Our study confirms the necessity of a close, comprehensive
and multidisciplinary follow-up of CRT patients.5 Indeed, a
significant part of them presented with LV lead complication,
loss/infrequent BiV capture or arrhythmia. However, this high
rate must be put into perspective by the small number of pa-

tients with remote monitoring in our study population. Our
programme allowed the titration of HF medication in a signif-
icant proportion of patients. Finally, although echo-guided
CRT optimization had low impact on outcomes, 36% of initial
non-responders experienced CCS improvement secondary to
our programme. Nevertheless, as described by other author,
even after comprehensive management, initial CCS
non-responders maintained a higher rate of major HF events
at follow-up.15

Study limitations

This study has several limitations. First, even if we prospec-
tively evaluated our strategy of CRT optimization on a large
cohort of patients, no control group was included. Therefore,
we cannot rule out that the improvement of patients after
our programme was only a sign of late CRT effect on remod-
elling and outcomes. We used a binary definition of CRT re-
sponse although other authors argue for the concept of ‘dis-
ease modification’ by CRT, with a range of effect.5 Our study
was single centre and numerous biases are inherent to the
methodology. In addition, after optimization our rate of pa-
tients lost to follow-up was relatively high. Finally, reproduc-
ibility of echocardiographic parameters and inter-observer
variability was not specifically assessed.

Conclusions

Using a systematic comprehensive clinical and echo-guided
CRT optimization, up to one third of initial CRT
non-responders experienced CCS improvement at 6 months.
However, neither AVd nor VVd echo-guided modification
was associated with better clinical outcomes in non-re-
sponders. Our study supports the position of last European
Society of Cardiology statement, by recommending a close,
specialized and multidisciplinary follow-up of these complex
patients, without supporting routine use of echo-guided
CRT optimization.5
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Supporting information

Additional supporting information may be found online in the
Supporting Information section at the end of the article.

Table S1. Characteristics of patients at optimization time.
Table S2. Data of echo-guided AVd optimization.
Table S3. Data of echo-guided VVd optimization.
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