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Correspondance

Les résultats cliniques après la thérapie de resynchronisation
cardiaque prédisent la survie chez les patients
structurellement non répondeurs
Clinical outcome after cardiac resynchronization therapy
predicts survival in structurally non-responder patients 

Résumé
Introduction : L'amélioration clinique était un critère d'évaluation principal dans la plupart des princi-
paux essais cliniques qui ont façonné le paradigme de la thérapie de resynchronisation cardiaque, et quel
que soit la réponse échographique (remodelage inverse), son impact sur la survie est peu étudié, en
particulier dans le groupe de patients non répondeurs. Notre objectif est d'évaluer l'impact de l'améliora-
tion clinique sur la survie des patients structurellement non répondeurs.
Méthodes et résultats : Nous avons analysé 152 patients ayant eu une implantation d’un pacemaker ou
d’un défibrillateur triple-chambres dans le service de cardiologie du CHU de Sahloul Sousse.Après une
durée de suivi variable, les patients ont été classés en fonction de leur réponse écho-cardiographique (les
répondeurs ont été définis comme une augmentation de la FEVG > 5 % et/ou une diminution de la
LVESV > 15 % par rapport à la valeur initiale).Par la suite, les non-répondeurs ont été analysés en
fonction de leur amélioration clinique (définie comme une réduction significative et stable de la classe
fonctionnelle NYHA >= 1).Enfin, 54 patients non répondeurs ont été identifiés et après un suivi moyen
de 54 mois, 27 patients ont eu une amélioration significative de la classe fonctionnelle NYHA.Les
résultats de survie étaient meilleurs chez les patients avec une amélioration clinique en analyse univariée
(p = 0,025) et multivariée (HR = 0,51, IC [0,27 ; 0,96], p = 0,035).
Conclusion :Une amélioration clinique significative et durable chez les patients non répondeurs a
démontré un fort impact sur la survie, ainsi, une réponse clinique peut être un prédicteur indépendant de
la survie dans cette population. 

Summary
Introduction: Clinical improvement was a primary endpoint in most of the major clinical trials that
shaped the CRT paradigm, and regardless of left ventricle reverse remodeling its impact on survival is
understudied studied particularly in non-responder patient group. Our aim is to assess the impact of
clinical improvement on survival outcome of structurally non-responder patients. 
Method and results:We analyzed 152 patients who underwent a successful CRT device implantation in
the cardiology department of Sahloul University Hospital. After a variable duration of follow-up, patients
were classified according to their echocardiographic response (Responders were defined as an increase
in LVEF >5% and/or decrease of LVESV > 15% compared to baseline). Subsequently, non-responders
were analyzed according to their clinical improvement (defined as a significant and stable reduction in
NYHA class >= 1 class). Finally, 54 non-responder patients were identified and after a mean follow up
of 54 months, 27 patients had a significant improvement in NYHA functional class. Survival outcome
was better in patients with clinical improvement in univariate (p= 0.025) and multivariate analysis
(HR=0.51, CI [0.27; 0.96], p= 0.035). 
Conclusion: A significant and durable clinical improvement in non-responder patients has demonstrated
a strong impact on survival, thereby, a clinical response may be an independent predictor of survival in
this population.
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INTRODUCTION

since the early 00s, many randomized clinical trials
(rCTs) had shaped and proved the efficacy of
biventricular stimulation as a tool for cardiac
resynchronization therapy (CrT). on this basis, CrT is
now accepted as a standard non-pharmacological
treatment of heart failure with reduced ejection fraction
(HFreF) (1).
Major studies (2,3) used improvements of left ventricle
(lV) size and function as an important scale to predict a
better long-term outcome for HFreF patients undergoing
CrT. 
Therefore, patients who showed significant signs of left
ventricle reverse remodeling (lVrr) were labeled as CrT
responders. a cut-off of 15 % decrease in lV end-systolic
volume (lVesV) is the most widely used
echocardiographic parameter to define a favorable
response (3,4).
unfortunately, up to 30% of CrT recipients don’t exhibit
significant echocardiographic criteria of lVrr and
consequently classified as non-responders (1). This
population remains a fixed achilles heel of CrT, offering
great management challenges that require further
investigation about the optimal scale to assess response
and its possible determinants.
However, lVrr does not relate to clinical response
according to some trials (5,6) and up to 63% of patients
without lVesV improvement have a clinical response (6).

AIMS OF THE STUDY

We mainly aim through this work toassess the impact of
clinical improvement on survival outcome of structurally
non-responder patients.

PATIENTS AND METHODS

This is a single-center cohort study of patients who
underwent a successful CrT device implantation in the
cardiology department of sahloul university hospital
from 2006 to 2019.
Baseline clinical, electrical and echocardiographic data
were gathered and analyzed retrospectively from the
CrT patient registry. 
a monitoring program has been set up to regularly follow
patients and record clinical and echocardiographic
parameters in outpatient clinics on the basis of a
preprogramed scorecard.
Patients who died within one year after implantation as

well as patients with a follow-up period less than 12
months were excluded from the study.
after a variable duration of follow-up and according to
literature data (4, 7), we identified two response groups.
given the reliability of left ventricle ejection fraction
(lVeF) and lVesV as parameters to identify CrT
responders, patients in whom lVeF increased > 5% and/or
lVesV decreased >15% compared to baseline were
labeled CrT responders (as opposed to CrT non-
responders).
according to major trials, the new York Heart association
(nYHa) functional class is a reliable parameter for
predicting symptoms relief and less morbidity (7),
therefore, a stable improvement of at least one class of
nYHa is considered a significant clinical improvement in
our study.
our mainly end point is the death from all causes. Mid
and long-term outcomes were subsequently analyzed.

STATISTICAL ANALYSIS

We used sPss software to perform the appropriate
statistical analysis. The quantitative variables were
described according to the mean and standard deviation.
Qualitative variables were described by frequency and
percentage.
Comparisons of baseline characteristics and outcomes
were performed using the chi-square test or Fisher’s
exact test, as appropriate, for categorical variables and
the student’s t test for continuous variables.
due to the longitudinal nature of the study, survival data
analysis methods (Kaplan Meier) and Cox's regression
model were used to meet the purpose of the study.
The origin would be the date of the CrT implantation,
the event of interest would be death and the time period
considered would be the duration of the last follow-up
(the total duration of the follow-up, if applicable) or the
duration of death, compared to the date of
implantation.

RESULTS

1. Baseline patient characteristics:
We initially identified 169 patients eligible for the study,
after excluding 10 patients who died within one year of
implantation and 7 patients who have less than one year
of follow up, a number of 152 patients were finally
retained.
only two patients had an epicardial lV lead placement
following a failed coronary sinus catheterization. These
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patients were excluded after their death within 12
months of implantation from septic complications.
during a mean follow up of 72 +/- 36 months, 54 patients
(35.5%) failed to show an increase of > 5% in lVeF and/or
> 15% reduction in lVesV, this population was identified
as non-responders to CrT.
Baseline patient characteristics are shown in table 1.
The mean age of our population is 57 +/- 12 years with
male predominance (62%). The majority of patients have
non-ischemic cardiomyopathy (74%) and are at nYHa
class 3 (61%).
Most of the patients were in sinus rhythm (93%) with Qrs
duration > 150 ms (64%) and left bundle branch block
(lBBB) morphology (66.6%). Chronic renal failure was
defined in our population by a creatinine clearance <60
ml / min.

2. Baseline characteristics of CRT non-responders
according to their clinical improvement:

after a mean follow-up duration of 54 months, there
were 27 patients (50%) with an improvement > 1 class of
nYHa among the 54 non-responder patients.

Comparison of clinical, echocardiographic and
procedural data between the two groups are shown in
table 1 (with and without clinical improvement among
CrT non-responders).

no differences found between the 2 groups in age,
gender, baseline nYHa class, history of diabetes or
hypertension (HTn), sinus rhythm, chronic kidney
disease (CKd), ischemic cardiomyopathy proportion,
prevalence of lBBB, Qrs duration, left ventricular
dimensions or systolic function, baseline mitral
regurgitation (Mr) or proportion of CrT with
defibrillation (CrT-d) function during follow-up.

There were 18 patients died in non-responder group
(33.3%), with non-significant difference in mortality
between the two groups of clinical improvement (29.6%
vs 37% p= 0.65).

3. Impact of clinical improvement on survival outcome
of structurally non-responder patients.

For a better understanding of the survival prognosis in
non-responder patients, we used clinical outcome

83Revue Tunisienne de Cardiologie . Vol 17 N°3- 3e Trimestre 2021

& al.

Table 1: Baseline characteristics of non-responder patients: 
Baseline parameters

Mean age (years) / SD
Male gender n (%)
Ischemic cardiomyopathy n (%)
NYHA class III n (%)
Diabetes n (%)
HTN n (%)
CKD n (%)
Sinus rhythm n (%)
LBBB n (%)
QRS duration mean/ SD; (ms)
LVEDV mean/SD; (ml)
LVESV mean/SD; (ml)
LVEF mean/SD (%)
MR > grade 3 n (%)
CRT -D   n (%)
Upgrading procedure n (%)
All causes of mortality n (%)

All patients
(n= 152)
57 +/- 11 
86 (57)
30 (20)
100 (66)
47 (31)
60 (40)
55 (36.5)
139 (91.4)
117 (77)
159 +/- 21
225 +/- 87
171 +/- 76
28 +/- 6
15 (10)
32 (21)
16 (10.6)
35 (23)

CRT non-
responders (n= 54)

57.3 +/- 12
34 (62)
14 (26)
33 (61.11)
12 (22.2)
14 (26)
21 (40.4)
50 (93)
36 (66.6)
160 +/- 23
237 +/- 97
181 +/- 95
28.3 +/- 6.7
5 (9.2)
11 (20)
7 (12.9)
18 (33.3)

CRT non-responders with
clinical improvement (n= 27)

58 +/-10
17 (63)
8 (29)
23 (85.1)
7 (26)
7 (26)
7 (26)
26 (96.2)
22 (81.5)
164 +/- 22
224 +/- 65
169 +/- 74
27.8 +/- 6
1 (3.7)
3 (11.1)
2 (7.4)
8 (29.6)

CRT non-responders without
clinical improvement (n= 27)

56.5 +/- 14
17 (63)
6 (22.2)
10 (37)
5 (18.5)
6 (22)
14 (51.8)
24 (90)
14 (51.8)
157 +/- 24
254 +/- 127
206 +/- 136
28.8 +/- 7
4 (14.8)
8 (29)
5 (18.5)
10 (37)

P value

0.67
1
0.23
0.01
0.57
0.79
0.55
0.54
0.18
0.32
0.35
0.44
0.63
0.44
0.23
0.37
0.65

n: number, sd: standard deviation, HTn: hypertension, CKd: chronic kidney disease, lBBB: left bundle branch block, lVesV: left ventricle end systolic

volume, ml: milliliters, lVedV: left ventricle end diastolic volume, lVeF: left ventricle ejection fraction, Mr: mitral regurgitation, CrT-d: cardiac

resynchronization therapy with defibrillation function, ms: milliseconds.



defined as stable improvement of nYHa class, to
determine whether it has an impact on survival of this
population.
on univariate analysis using Kaplan Meier algorithms,
survival in the subgroup of patients with significant
clinical improvement is better than the subgroup without
clinical improvement (P=0.025) (figure 1).
The 5 years survival probability is 82% for the subgroup
with clinical improvement, while it is 73% for patient
who didn’t demonstrate significant clinical
improvement.

on multivariate analysis, we entered into a Cox
proportional hazards model, variables that predict
clinical outcome in these patients. When adjusting to
ischemic cardiomyopathy, CKd, mitral regurgitation and
lVeF subgroups, survival was significantly better in
patients with clinical improvement compared to those
without clinical improvement (Hr 0.52 [0.27-0.96];
p=0.035) (Figure 2; Table 2)

DISCUSSION

To our knowledge, this is the largest Tunisian study on
long-term outcomes of CrT of a real world, nationwide
population of patients undergoing CrT, in terms of
patient numbers and length of follow-up.
This sub-studyfocused on the assessment of clinical
response of structurally non-responderpatients after a
variable follow-up duration as well as the impact of
clinical improvement on their survival outcome.
The main finding is that a significant clinical
improvement (a sustained increase in> 1 nYHa functional
class) was observed in 50% of non-responder patients,
which has a strong impact on the survival results of this
population.
The two subgroups of CrT non-responders were clinically
comparable and when performing the analysis, non-
responders with clinical improvement have a
significantly better survival prognosis in univariate
(p=0.025) and multivariate analysis (Hr 0.52 [0.27-0.96];
p=0.035).
The concept of response is well developed in the field of
cancer and is increasingly being used in cardiology field
(8). as a result, patients who showed significant signs of
lVrr are labeled responders after a defined duration of
follow-up (9) and have a significantly better survival
outcome compared with non-responders.
The rational reasoning behind measuring response is to
prove the efficacy of CrT in heart failure patients and to
guide them for a more personalized therapy.
in rCTs, the effect of CrT is expressed in absolute and
relative risk reduction in adverse clinical outcomes in
relation to a control group (usually optimal medical
therapy only) (10). While, in observational studies which
based on systems/payers - doctors relationship, it results
in a significant reduction in mortality, hospitalization
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Figure 1: Kaplan Meier curves comparing survival based on
clinical improvement of structurally non-responder patients

Figure 2: Cox regression model curves comparing survival
based clinical improvement of non-responder patients

Table 2 : Cox multivariate regression analysis in non-
responder subgroups according to clinical improvement
Variable

Clinical improvement/No
clinical improvement
Ischemic cardiomyopathy
CKD

MR
LVEF groups (%)
1) < 20 2/1
2) 20-30 3/1
3) > 30 

HR

0.52
1.6
1.03
1.29
0.76

0.70

Confidence
interval (CI) 95%
[0.27 – 0.96]
[0.7 – 3.7]
[0.51 – 2.09]
[0.81 – 2.06]
[0.10- 5.72]

[0.09 – 5.3]

P value

0.035
0.20
0.92
0.27
0.79

0.73



rates and a significant improvement in lV function in
order to measure its costeffectiveness.
Whilst, rCTs measures are useful in daily practice to
quantify the clinical effectiveness from patient-
physician relationship perspective, they probably lack of
meaning for the patient who wishes to know whether this
device therapy has a positive impact on their long-term
survival prognosis.
numerous studies confirm that patients who
demonstrate significant signs of lVrr have better
outcomes especially in survival prognosis(4-7).
This survival gain in responders appears to arise from the
occurrence and extent of lVrr and is highly related to
improvements in left ventricular size and function.
Hence, it has been suggested by many studies (5, 12-15)
that a better survival outcome after CrT results from
echocardiographic improvement rather than
improvement in nYHa functional class.
indeed, Bleeker et al.(16) demonstrated that the
likelihood of improvement in nYHa class increased in
parallel to the extent of lV reverse remodeling.
nevertheless, according to Ypenburg et al.(6), lVrr does
not relate to clinical response and up to 63% of people
without lVesV reduction > 15% have clinical response.
The disparity between these two scales for assessing
response in CrT patients -as demonstrated by numerous
studies(5,6,17)- had been a trigger suggesting a possible
impact of clinical improvement on survival.
structurally non-responder patients place a heavy
burden on both management systems and clinical
management, which require a personalized approach for
optimal therapy and a detailed measurement of CrT
efficacy, therefore, studying the fate of non-responders
beyond lV structure and function is mandatory.
like most studies (12,15,17), we used a durable
improvement of at least one nYHa functional class to
define a significant clinical response. after a mean
follow-up of 54 months, survival outcome of non-
responder patients with clinical improvement was
significantly better in univariate (p=0.025) and
multivariate analysis (Hr 0.52 [0.27-0.96]; p=0.035).
These results consolidate literature data about this
subject, Kronborg et al (18), in 174 heart failure patient
receiving CrT, clinical response to CrT was an
independent predictor of mortality in the very long-term
follow-up(Hr: 3.02, 95% Ci [1.71 - 5.38], P <0.001). 

in addition, reitan et al (19), found that a self-assessed
nYHa functional class two months after CrT was a strong
predictor of long-term survival (Hr: 0.59, 95% Ci: [0.40-
0.87], P <0.007).

To add emphasis about clinical response in non-
structurally responder patients, auger et al.(17), showed
that as much as 28% of subjects with clinical
improvement after CrT are not accompanied by
significant echocardiographic response and are more
likely to have ischemic cardiomyopathy.

another prospective study of rio et al.(15) investigated
the benefit of lV size and function improvements on
survival, showed that patients with lVrr had higher
survival rates (80% vs. 64%, p=0.023) and fewer
hospitalizations due to HF (11% vs. 48%, p<0.001),
furthermore, among patients without lV improvements,
55% presented long-term improvement of ≥1 nYHa
functional class and this was the strongest independent
predictor of survival in these patients.
in fact, this clinical improvement despite the absence of
reverse remodeling can be explained by a masked
improvement in diastolic function due to a more
synchronized biventricular depolarization, a more
effective ventricular filling (with an adapted
atrioventricular delay) and less mitral regurgitation. 
Finally, this work is devoted to prove an impact of
clinical improvement on survival outcome of this
peculiar population. We have suggested that lasting
improvement in nYHa functional class is an optimal scale
for better understanding patient clinical outcomes
(symptoms, quality of life, functional capacity, and
hospitalization) and even for predicting mild and long-
term survival outcome in structurally non-responder
patients. Therefore, it is shown in this study that clinical
improvement has a good impact on survival, hence it can
be an independent predictor of better survival in the
non-responder population.

Study limitations: 
data were collected retrospectively but follow up data
were gathered prospectively. This was a single-center,
non-randomized and non-controlled study, and this
should be taken into consideration when interpreting the
results.
Clinical response was based on improvement in nYHa
class and did not include assessment of functional
capacity or quality of life scores.
Follow-up duration was long enough to predict long-term
outcomes but extremely variable between patients.
survival analysis of non-responder subgroups was
conducted with a relatively small number of patients.
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CONCLUSION

although, echocardiographic evidence of reverse
remodeling is mandatory for a better survival outcome
but for a better understanding of non-responder
patient’s outcome, this work is devoted to prove an

impact of clinical improvement on survival outcome of
this peculiar population. indeed, a significant and
durable clinical improvement in non-responder patients
has demonstrated a great impact on survival, thereby, a
clinical response may be an independent predictor of
survival in non-responder population.
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utilise des abréviations dans le corps du texte, il est indispensable
de les expliciter lors de leur première apparition (sauf s’il s’agit
d’une unité de mesure internationale) et de les regrouper, si elles
sont nombreuses, sous la forme d’un glossaire. Les médicaments
doivent être mentionnés selon leur dénomination commune ou leur
nom chimique. 

Page de titre 
La page de titre contient : 
- le titre de l’article (titre français et titre anglais) : 8 à 12 mots
- le titre court de l’article (≤40 caractères, espaces compris)
- les noms et prénoms complets des auteurs dans l’ordre dans
lequel ils apparaîtront lors de la publication 
- l’affiliation de chacun des auteurs (avec structuration multi-ligne) 
Exemples : Auteur1,2   
Université (de Tunis El Manar, de Sousse, de Monastir, de Sfax…),
Etablissement (=Faculté), code postal, Ville, Pays
Structure publique de santé (=Hôpital), Service, ± Structure de
recherche (Code de l’unité ou laboratoire de recherche), code
postal, Ville, Pays 

NB. La virgule est obligatoire pour séparer les différentes
parties de l'affiliation.

- un décompte du nombre des mots du corps du texte (excluant le
résumé, les illustrations et les références) 
- le nom et l’adresse de l’auteur en charge de la correspondance
avec son adresse e-mail (impératif)
- les remerciements 
- les sources de financements et les liens d’intérêts 
- le résumé de l’article en français et en anglais
- les mots clés en français et en anglais

Figures et tableaux 
Le nombre des documents iconographiques (figures et tableaux) ne
doit pas dépasser six (total). Ils sont obligatoirement appelés dans
le texte et conformes aux recommandations suivantes : 
• Les figures sont numérotées en chiffres arabes, par ordre
d’apparition dans le texte où elles sont appelées (figure 1). 
• Les tableaux sont numérotés en chiffres arabes, par ordre
d’apparition dans le texte : (tableau 1). 
• Les légendes des figures sont portées les unes à la suite des
autres en fin d’article, sur une feuille séparée. 
• Les figures doivent être présentées chacune sur un feuillet séparé
à raison d’un fichier par figure ; elles sont toutes accompagnées
d’une légende. Des explications ou notes diverses nécessaires à la
compréhension figurent au-dessous de chaque tableau. 
• La reproduction de documents déjà publiés doit être
accompagnée de l’autorisation de l’éditeur ou de l’auteur
possesseur du copyright. 
• Les abréviations sont à éviter. Si la figure et/ou le tableau
comporte des abréviations, il faut les expliciter dans la légende. 

Références 
Les références bibliographiques sont portées en fin d’article,
numérotées selon l’ordre d’apparition dans le texte. Toutes les
références doivent être appelées dans le texte (y compris celles
appelées dans les figures et tableaux) : le numéro de la référence
bibliographique citée est mentionné entre crochets [-] dans le texte. 

• Les références d’articles parus dans un périodique doivent
comporter le nom des 6 premiers auteurs avec les initiales des
prénoms (suivis de « et al. » à partir du 7ème auteur), le titre complet
de l’article dans la langue originale, le nom de la revue selon les
abréviations de l’Index Medicus, l’année, le numéro du tome, la
première et la dernière page abrégée du texte. 
Exemples : 
[1] Ben Ahmed H, Allouche M, Zoghlami B, Shimi M, Razgallah R,
Baccar H, et al. La variation hebdomadaire de la survenue de mort
subite cardiaque au nord de la Tunisie. Tunis Med. 2014;92:527-30.
[2] Addad F, Gouider J, Boughzela E, Kamoun S, Boujenah R,
Haouala H, et al. FAST-MI Tunisia investigators. Prise en charge de
l’infarctus du myocarde en Tunisie : résultats préliminaires du
registre FAST-MI Tunisie de la Société Tunisienne de Cardiologie et
de Chirurgie Cardiovasculaire. Ann Cardiol Angeiol. 2015;64:439-
45.

• Les citations de livres doivent comporter les noms des auteurs, le
titre du livre, la ville, le nom de la maison d’édition et l’année de
publication. 
Exemples :
[3] EISEN HN. Immunology: an introduction to molecular and
cellular principles of the immune response. 5th ed. New-York:
Harper and Row, 1974. 

Liens d’intérêts 
La revue suit les pratiques internationales relatives aux liens
d’intérêts. Toute soumission de manuscrit doit être accompagnée
d’une déclaration de lien d’intérêts. Toutes les sources de
financement du travail doivent être mentionnées. Tous les auteurs
doivent donc signaler tout lien d’intérêts que pourrait susciter leur
travail de manière générale.  

RESOUMISSION APRES CORRECTION
Lors d’une resoumission d’un manuscrit après révision, les
corrections apportées doivent impérativement être surlignées pour
faciliter la relecture de l’article.

CORRECTION D’EPREUVES, TIRES A PART 
Lors de la mise en production du manuscrit accepté pour
publication, l’éditeur enverra à l’auteur correspondant un formulaire
de transfert de droits par courrier électronique, qui sera dûment
complété et signé par l’auteur responsable de l’article pour le
compte de tous les auteurs, puis retourné à l’éditeur dans les plus
brefs délais. 
L’auteur correspondant recevra les épreuves électroniques de son
article sous format PDF. Les modifications portant sur le fond ne
sont pas acceptées sur les épreuves. Les corrections se limiteront
à la typographie. Les auteurs doivent retourner à l’éditeur les
épreuves corrigées, dans les 48 heures suivant leur réception. En
cas de retard, l’éditeur se réserve le droit de procéder à l’impression
sans les corrections de l’auteur. 

INSTRUCTIONS AUX AUTEURS 


