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Summary

Background. — Atrial remodelling has been poorly investigated in atrial fibrillation (AF), and
few studies have focused on biatrial remodelling.

Aim. — To evaluate right atrial (RA) and left atrial (LA) remodelling in AF using global atrial
reservoir strain and three-dimensional (3D) atrial volumes, according to rhythm outcome at
mid-term follow-up.

Methods. — Two-dimensional and 3D transthoracic echocardiography (TTE) were performed
within 24 hours after admission (M0) and at 6-month follow-up (M6) in patients admitted for
AF. RA and LA variables were assessed: body surface area-indexed maximum 3D volume (Max
3D RA Vol;, Max 3D LA Vol;) and minimum 3D volume (Min 3D RA Vol;, Min 3D LA Vol;); atrial
emptying fraction (3D RAEF, 3D LAEF); atrial expansion index (3D RAEI, 3D LAEI); and global RA
and LA reservoir strain.

Results. — Forty-eight consecutive patients were included prospectively. Three groups were
identified depending on rhythm at MO and Mé: AF at MO and sinus rhythm (SR) at Mé (AF-SR) in 25
(52.1%) patients; AF at MO and AF at M6 (AF-AF) in 13 (27.1%) patients; and SR at MO (spontaneous
cardioversion before first TTE) and SR at M6 (SR-SR) in 10 (20.8%) patients. Between MO and Mé
in the AF-SR group, we found: significant decreases in Max 3D RA Vol; (P=0.020), Min 3D RA Vol;
(P=0.0008), Max 3D LA Vol; (P=0.001) and Min 3D LA Vol; (P=0.0021); significant increases in
3D RAEF (P=0.037) and 3D RAEI (P=0.034); no significant differences in 3D LAEF and 3D LAEI;
and significant increases in global RA and LA reservoir strain (both P<0.0001). There was no
significant difference with regard to these variables in the AF-AF and SR-SR groups.
Conclusion. — 3D volume and strain analyses were useful in the evaluation of RA and LA reverse
remodelling in successfully cardioverted patients with AF.

© 2019 Published by Elsevier Masson SAS.

Résumé

Contexte. — Le remodelage atrial a été peu étudié dans la fibrillation atriale (FA) et peu
d’études ont ciblé plus spécifiquement le remodelage biatrial.

But. — Evaluer le remodelage de Uoreillette droite (OD) et de l’oreillette gauche (OG) dans
la fibrillation atriale (FA) en utilisant le strain atrial global pendant la phase réservoir et les
volumes atriaux en échocardiographie 3D selon le rythme du patient a moyen terme.
Méthodes. — Une échocardiographie complete 2D et 3D était réalisée dans les 24h (M0) et a 6
mois (M6) du suivi chez des patients admis pour FA. Les parametres OD et OG étaient évalués :
volume 3D maximum (Max 3D OD Vol;, Max 3D OG Vol;) et volume 3D minimum (Min 3D OD Vol;,
Min 3D OG Vol;) indexés a la surface corporelle, fraction de vidange des oreillettes (3D FVOD,
3D FVOG), index d’expansion des oreillettes (3D IEOD, 3D IEOG) et strain global réservoir de
’OD et de I’0G.

Résultats. — Quarante-huit patients consécutifs ont été prospectivement inclus. Trois groupes
ont été identifiés selon le rythme a MO et M6 : FA a MO et rythme sinusal (RS) a M6 (FA-RS)
chez 25 (52,1 %) patients ; FA a MO et FA a M6 (FA-FA) chez 13 (27,1 %) patients ; et RS a MO
(cardioversion spontanée avant la premiére ETT) et RS a M6 (RS-RS) chez 10 (20,8 %) patients.
Entre MO et M6 dans le groupe FA-RS, nous avons trouvé : une diminution significative du Max
3D OD Vol; (p=0,020), Min 3D OD Vol; (p=0,0008), Max 3D OG Vol; (p=0,001) et du Min 3D
0G Vol; (p=0,0021) ; une augmentation significative de la 3D FVOD (p=0,037) et du 3D IEOD
(p=0,034) ; pas de différence significative de la 3D FVOG et du 3D IEOG ; et il existe une
augmentation significative du strain global réservoir de I’OD et de ’OG (p <0,0001 pour les 2
parameétres). Il n’y a pas de différence significative pour I’ensemble de ces parametres dans le
groupe FA-FA et RS-RS.

Conclusion. — L’analyse des parametres en 3D et du strain peuvent étre utile pour évaluer le
remodelage inverse de I’0OD et de |’OG chez les patients présentant un succes de cardioversion

de FA.
© 2019 Publié par Elsevier Masson SAS.
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Background

The relationship between left atrial (LA) size and non-
valvular atrial fibrillation (AF) has been established. Data
from the Framingham study identified LA size as an inde-
pendent echocardiographic predictor of AF [1]. Currently,
in addition to LA size, LA function can be evaluated
using three-dimensional (3D) volumetric or two-dimensional
(2D) strain atrial variables [2]. Increased atrial size and
impaired atrial function are hallmarks of atrial remodelling,
an important underlying substrate in AF [3]. The atrial
remodelling process is complex and poorly understood, and
includes atrial fibrosis, hypocontractility, fatty infiltration,
inflammation, vascular remodelling, ischaemia, ion channel
dysfunction and Ca?* instability [3,4]. The term *‘atrial car-
diomyopathy’’ has been suggested to refer to ‘*‘any complex
of structural, architectural, contractile, or electrophysio-
logical changes affecting the atria with the potential to
produce clinically relevant manifestations’’ [5].

Previous studies have described the potential role of
transthoracic echocardiography (TTE) in the evaluation of
LA remodelling in AF in several clinical settings: to deter-
mine the effect on LA size, volume and function, before and
after catheter ablation [6]; to identify patients with a high
risk of AF recurrence [7]; and, more recently, to predict AF
in cryptogenic cerebrovascular accidents [8,9]. Finally, right
atrial (RA) remodelling has been poorly investigated in AF,
and few studies have focused on biatrial remodelling in AF
[10,11].

In this study, we sought to evaluate LA and RA remodelling
in AF using TTE-derived global atrial reservoir strain and 3D
atrial volumes, according to rhythm outcome at mid-term
follow-up.

Methods
Study population

The FASTRHAC study (Fibrillation Atriale et STRatification
du risque thrombo-embolique et Hémorragique des patients
sous AntiCoagulant) is a French national multicentre study
of patients hospitalized for non-valvular AF since July 2015
(inclusion still in progress). The study is being conducted
in compliance with local regulations, French laws regarding
patient care (act of 04 March 2002 on patients’ rights) and
the principle of the Declaration of Helsinki. Informed written
consent was obtained from all patients.

Inclusion criteria were: documented paroxysmal, per-
sistent or permanent AF on electrocardiography; age>18
years; and provision of patient consent. Exclusion cri-
teria were: valvular AF (mitral stenosis, defined as an
area <2 cm?; mitral, aortic or tricuspid regurgitation greater
than moderate to severe; moderate or severe aortic steno-
sis; mechanical or biological prosthesis); contraindication
to anticoagulant treatment; no affiliation to a social secu-
rity regimen; severe psychiatric history; or unlikelihood to
attend follow-up.

A comprehensive physical examination and electrocar-
diogram were carried out and clinical data were collected
at admission and every 6 months for 2 years. Biological sam-
ples were collected at admission and 1 year after admission.

Comprehensive TTE and transoesophageal echocardiography
were performed within 24 hours after admission (M0). Com-
prehensive TTE was repeated every 6 months for 2 years,
and comprehensive transoesophageal echocardiography at
1-year and 2-year follow-up.

In this study, the first forty-eight consecutive patients
enrolled in the FASTRHAC study were analysed at MO and
at 6-month follow-up (Mé) to evaluate TTE results of atrial
strain and 3D atrial volumes in AF, and biatrial remodelling
at 6-month follow-up.

TTE

2D analysis

Comprehensive TTE examinations were performed at MO
and Mé6. TTE was always performed by experienced cardi-
ologists using an X5-1 transducer on the iE33 system or an
X5-1 transducer on the EPIQ system (Philips Medical Systems,
Andover, MA, USA). The data were transferred and analysed
offline using the IntelliSpace CardioVascular (ISCV) worksta-
tion (Philips Medical Systems). All images and measurements
were performed using standard views, according to Ameri-
can Society of Echocardiography and European Association
of Cardiovascular Imaging guidelines [12]. Three to five con-
secutive cardiac cycles were recorded and averaged, and all
volumetric measures were indexed to body surface area.

3D analysis

3D full-volume and high-volume rate acquisitions were per-
formed in the four-chamber view during end-expiratory
apnoea, to evaluate 3D atrial volumes. The frame rate
was set to between 20 and 35 frames/s. The 3D data sets
were stored digitally, and quantitative analyses were per-
formed offline (QLAB Advanced Cardiac 3D Quantification
software, version 10.7; Philips Medical Systems). The LA
endocardium was defined on two orthogonal planes to obtain
non-foreshortened views of the LA. The endocardial surfaces
of the atria were drawn by a semiautomated contour tracing
algorithm developed for the left ventricle.
3D TTE was used to determine:
¢ body surface area-indexed minimal RA volume (Min 3D RA
Vol;) (defined as the volume immediately after tricuspid
closure) and body surface area-indexed maximal RA vol-
ume (Max 3D RA Vol;) (defined as the volume immediately
before tricuspid valve opening) and;
¢ body surface area-indexed minimal 3D LA volume (Min 3D
LA Vol;) (defined as the volume immediately after mitral
closure) and body surface area-indexed maximal 3D LA
volume (Max 3D LA Vol;) (defined as the volume immedi-
ately before mitral valve opening).

3D TTE was also used to evaluate atrial function
using the following formulae: 3D RA emptying fraction
(3D RAEF) = ([Max 3D RA Vol;—Min 3D RA Vol;]/Max 3D RA
Vol;) x 100; 3D LA emptying fraction (3D LAEF) = ([Max 3D LA
Vol;—Min 3D LA Vol;]/Max 3D LA Vol;) x 100; 3D RA expansion
index (3D RAEI) = ([Max 3D RA Vol;—Min 3D RA Vol;]/Min 3D
RA Vol;) x 100; and 3D LA expansion index (3D LAEI) = ([Max
3D LA Vol;—Min 3D LA Vol;]/Min 3D LA Vol;) x 100.
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Figure 1. Evaluation of LA strain (A) before and (B) after electrical cardioversion in the same patient, using QRS complex of zero

as reference point. A. Only reservoir strain (RS) was recorded in atrial fibrillation. B. RS, conduit strain (CdS) and contractile strain (CtS)
(reappearance in B of a second deflection [arrow] of the atrial strain curve) were recorded in patients in sinus rhythm. Note the improvement
in longitudinal strain in the four-chamber view, before and after electrical cardioversion (red, +11.7% in A; red, +47.7% in B).

Strain analysis

RA and LA reservoir strain were analysed using semiau-
tomated software developed for the left ventricle (QLAB
Automated Cardiac Motion Quantification software, version
10.7; Philips Medical Systems). Three to five consecutive car-
diac cycles were recorded and averaged. The frame rate was
set between 60 and 80 frames/s. The initiation of strain cal-
culation was chosen as the onset of the QRS complex (R-R
gating), as proposed in most studies [13].

The endocardial surfaces of the atria were drawn by a
semiautomated contour tracing algorithm: first, the oper-
ator manually defined the septal, lateral and apex of the
atrium, and then the software automatically generated a
region of interest in a four-chamber view for the RA, and in
four-chamber and two-chamber views for the LA; these were
manually adjusted, as needed, to allow for adequate speckle
tracking. Three patterns of atrial strain were recorded in
patients in sinus rhythm (SR): the first peak between the
R wave and the T wave was the reservoir strain; the sec-
ond peak, starting on the P wave, was the contractile strain
(atrial systole); and finally, the difference between reser-
voir strain and contractile strain values reflected the conduit
strain [14] (Fig. 1). In AF, only the reservoir strain was deter-
mined because of the loss of atrial systole and thus the loss
of contractile strain [15] (Fig. 1).

The software divided the region of interest into seven
segments in the four-chamber and two-chamber views,
and a regional longitudinal strain was generated for each
segment. The global longitudinal strain of each apical view
was calculated as a weighted combination of the regional
strains (related to the length of each segment). The RA
global longitudinal strain was the global longitudinal strain
derived from the RA four-chamber view. The LA mean
global longitudinal strain was calculated as the average of
the global longitudinal strain from the LA four-chamber
and LA two-chamber views. The atrial global longitudinal
strain was considered as not evaluable if more than one
segment in the apical view was inadequate or if not assessed

concomitantly in four-chamber and two-chamber views for
LA global longitudinal strain.

All TTEs were reviewed by one observer who was experi-
enced in strain imaging and 3D echocardiography (L. S.-D.),
and evaluation of atrial strain and atrial 3D volumes was
performed in all patients at MO and Mé.

Reproducibility

Intraobserver and interobserver variability for atrial 3D
volume and atrial strain were assessed in 10 randomly
selected subjects. Intraobserver variability was tested by
one observer (L. S.-D.) who reanalysed the same images
6 months apart, blinded to the first measurements. For
interobserver variability, two observers (L. S.-D. and Y. A.)
analysed the same images, and were blinded to the other
observer’s measurements and to the outcome at Mé.

Statistical analysis

The baseline characteristics of the patients, stratified by
cardiac rhythm at MO and Mé follow-up, are presented as
means =+ standard deviations or medians (25th and 75th per-
centiles) for continuous data, and as absolute numbers and
percentages for categorical data. The Kruskal-Wallis rank-
test was used to compare continuous variables, and Fisher’s
exact test was used to compare categorical variables.
Comparison between inclusion and follow-up echocardio-
graphic data measurements was done using the paired t-test
after assessment of the normal distribution of the data
using the Shapiro-Wilk test. The results are presented as
means -+ standard errors. Intraobserver and interobserver
variability of the echocardiographic measurements were
evaluated using the concordance correlation coefficient and
Bland-Altman plots. A two-sided P-value <0.05 was consid-
ered statistically significant. All analyses were performed
using STATA V12 statistical software (StataCorp, College Sta-
tion, TX, USA).
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Rhythm at admission in hospital
Rhythm during 1st TTE within SR (10 patients)
24 hours after admission (M0)

Non-valvular AF (48 patients)

AF (38 patients)

FailcV

=
Rhythm during TTE at 6 months [ SR (10 patients) J [ AF (0 patients) ] ( SR (25 patients) J [ AF (13 patients) J
of follow-up (M6)

Figure 2.

Cardiac rhythm evolution between inclusion and 6-month follow-up. AF: atrial fibrillation; FailCV: failed cardioversion; SponCV:

spontaneous cardioversion; SR: sinus rhythm; SuccCV: successful cardioversion; TTE: transthoracic echocardiography.

Results
Study population

Forty-eight consecutive patients hospitalized for non-
valvular AF were included prospectively. The population was
divided depending on the rhythm at MO and Mé: AF at MO and
SR at M6 (AF-SR) in 25 (52.1%) patients; AF at MO and AF at
M6 (AF-AF) in 13 (27.1%) patients; SR at MO (spontaneous
cardioversion before the first TTE) and SR at M6 (SR-SR) in
10 (20.8%) patients. No patient was in SR at MO and AF at M6
(Fig. 2).

The mean age of the population was 62.7 +11.7 years,
36 (75.0%) patients were men, and the CHA;DS,-VASc
(congestive heart failure, hypertension, age>75years
[doubled], diabetes mellitus, stroke/transient ischaemic
attack/thromboembolism [doubled], vascular disease, age
65—74 years, sex category [female]) risk score was>2in
32 (66.7%) patients. There were significant differences
across the groups in terms of history of AF and heart
failure. There was no significant difference between the
three groups according to the other variables (including
heart rate, cardiovascular risk factors, CHA,DS,-VASc score,
B-type natriuretic peptide, troponin, C-reactive protein,
D-dimer, MO TTE variables and treatment at discharge)
(Table A.1).

Structural reverse remodelling: 3D volume
analysis

At MO and M6, 3D RA volume was assessed in 33 (68.8%)
patients, and 3D LA volume was assessed in 35 (72.9%)
patients (Table 1). Between MO and Mé, in the AF-SR group,
we found a significant decrease in Max 3D RA Vol; (P=0.020)
and Min 3D RA Vol; (P=0.0008), and in Max 3D LA Vol
(P=0.001) and Min 3D LA Vol; (P=0.0021). There were no
significant differences with regard to these variables in the
SR-SR and AF-AF groups (Table 1).

Functional reverse remodelling

3D volume analysis

Between MO and Mé, in the AF-SR group, we found a signifi-
cant increase in 3D RAEF (P=0.037) and 3D RAEI (P=0.034).

There were no significant differences with regard to these
variables in the AF-AF and SR-SR groups (Table 2). There
were also no significant differences in the AF-SR, AF-AF and
SR-SR groups for 3D LAEF and 3D LAEI (Table 2).

Strain analysis

At MO and Mé, global RA strain was assessed in all patients,
and mean global LA strain was assessed in 40 (83.3%)
patients. Between MO and M6, in the AF-SR group, we found
significant increases in global RA and LA reservoir strains
(both P<0.0001), but no significant differences in the AF-AF
and SR-SR groups (Fig. 3).

Reproducibility

The reproducibility of atrial 3D volume and atrial strain was
good, with a concordance correlation coefficient + standard
error between 0.88 +0.07 and 0.98 +0.01 for intraobserver
reproducibility and between 0.68 +-0.15 and 0.96 +-0.03 for
interobserver reproducibility (Table A.2).

Discussion

In this prospective observational study, we demonstrated
significant structural and functional reverse remodelling of
the left and right atria, evaluated by 2D echocardiogra-
phy (strain analysis) and 3D echocardiography (3D atrial
volume), in patients with AF who were successfully car-
dioverted.

LA remodelling

LA structural and functional remodelling have been
described previously in patients with AF, using TTE. Mainte-
nance of SR after radiofrequency catheter ablation results
in structural remodelling, with a reduction in the 2D LA
area/diameter [16—18], 2D LA volume [11,19—-22] and 3D
LA volume [23—26], assessed by 2D and 3D TTE. We found
similar results in our study among patients with AF who were
successfully cardioverted, with reverse LA structural remod-
elling at 6 months, characterized by a significant decrease
in LA 3D volumes.
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Table 1 Evolution of three-dimensional atrial volumes during follow-up.

At baseline At 6 months (>
(MO) (M6)
Right atrium
SR-SR (n=10)
Max 3D RA Vol; (mL/m?) (n=9) 31.4+ 6.3 26.4 + 3.1 0.24
Min 3D RA Vol; (mL/m?) (n=9) 18.0 + 4.6 15.9 £ 1.5 0.55
AF-SR (n=25)
Max 3D RA Vol; (mL/m2) (n=16) 33.3+2.70 26.9 + 2.00 0.020
Min 3D RA Vol; (mL/m?) (n=16) 21.5 £ 2.0 14.6 £ 1.2 0.0008
AF-AF (n=13)
Max 3D RA Vol; (mL/m?) (n=8) 40.1 + 4.6 45.3 + 5.1
Min 3D RA Vol; (mL/m?) (n=8) 28.9 + 3.5 32.7 £ 4.0
Left atrium
SR-SR (n=10)
Max 3D LA Vol; (mL/m?) (n=9) 37.1 £2.9 34.6 £ 1.9 0.32
Min 3D LA Vol; (mL/m?) (n=9) 17.5 £ 2.5 142+ 1.4 0.32
AF-SR (n=25)
Max 3D LA Vol; (mL/m?) (n=17) 45.2 + 2.6 37.9+ 2.5 0.001
Min 3D LA Vol; (mL/m?) (n=17) 27.3 £2.3 20.3 + 2.1 0.0021
AF-AF (n=13)
Max 3D LA Vol; (mL/m?) (n=9) 48.3 +5.2 50.9 + 5.4 0.063
Min 3D LA Vol; (mL/m?) (n=9) 34.2 + 3.8 34.1 + 4.2 0.97

Data are expressed as mean =+ standard error. 3D: three-dimensional; AF: atrial fibrillation; AF-AF: AF at MO and AF at M6é; AF-SR: AF at
MO and SR at M6; Max 3D LA Vol;: body surface area-indexed maximal three-dimensional left atrium volume; Max 3D RA Vol;: body surface
area-indexed maximal three-dimensional right atrium volume; Min 3D LA Vol;: body surface area-indexed minimal three-dimensional
left atrium volume; Min 3D RA Vol;: body surface area-indexed minimal three-dimensional right atrium volume; SR: sinus rhythm; SR-SR:

SR at MO and SR at Mé.
a P-values derived from the paired t-test.

Table 2 Evolution of three-dimensional atrial function during follow-up.

At baseline At 6 months P2
(MO) (Mé6)
Right atrium
SR-SR (n=10)
3D RAEF (%) (n=9) 45.9 + 15.3 38.0 + 4.4 0.095
3D RAEI (%) (n=9) 96.7 + 18.6 68.6 + 13.0 0.13
AF-SR (n=25)
3D RAEF (%) (n=16) 34.3 + 4.0 44.2 + 4.3 0.037
3D RAEI (%) (n=16) 65.2 + 15.3 96.4 + 15.4 0.034
AF-AF (n=13)
3D RAEF (%) (n=28) 27.3 + 4.4 27.7 + 2.1 0.87
3D RAEI (%) (n=8) 42.5 + 4.5 54.3 + 8.9 0.73
Left atrium
SR-SR (n=10)
3D LAEF (%) (n=9) 53.6 + 4.5 58.2 + 4.3 0.51
3D LAEI (%) (n=9) 131.4 + 21.1 172.8 + 44.5 0.46
AF-SR (n=25)
3D LAEF (%) (n=17) 40.6 + 2.8 46.9 + 3.8 0.18
3D LAEI (%) (n=17) 75.4 + 9.8 103.5 + 13.5 0.078
AF-AF (n=13)
3D LAEF (%) (n=9) 29.3 +2.3 33.6 + 3.6 0.14
3D LAEI (%) (n=9) 42.5 +£ 4.5 54.3 + 8.9 0.12

Data are expressed as mean + standard error. 3D: three-dimensional; AF: atrial fibrillation; AF-AF: AF at MO and AF at M6; AF-SR: AF at
MO and SR at Mé; LAEF: left atrial emptying fraction; LAEI: left atrial expansion index; RAEF: right atrial emptying fraction; RAEl: right

atrial expansion index; SR: sinus rhythm; SR-SR: SR at MO and SR at Mé.
2 P-values derived from the paired t-test.
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Figure 3. Evolution of global longitudinal right atrial strain (left

panel) and mean global longitudinal left atrial strain function (right
panel) between baseline and 6-month follow-up, according to car-
diac rhythm outcome. Error bars indicate standard error. FailCV:
failed cardioversion; LA: left atrial; RA: right atrial; SponCV: spon-
taneous cardioversion; SuccCV: successful cardioversion.

Other studies have demonstrated the potential of LA
strain to analyse LA functional remodelling and identify
patients at high risk of AF recurrence among individuals who
were candidates for catheter ablation. Ma et al. [7], in a
meta-analysis of eight studies, demonstrated that patients
with recurrence of AF were characterized by lower LA strain
compared with patients without AF recurrence. In our study,
we found a significant improvement in LA strain between
MO and Mé exclusively in the AF-SR group. Thus, we con-
firmed the potential positive impact of cardioversion on LA
functional reverse remodelling. Of note in this group, no sig-
nificant differences were observed with regard to 3D LAEF
or 3D LAEI, probably because of lack of power as a result of
the small size of our population sample.

RA remodelling

One key finding in our study was the observation of RA
reverse remodelling in addition to LA reverse remodelling.
Indeed, RA structural and functional remodelling have been
poorly investigated in AF. AF causes biatrial enlargement

[27], and restoration of SR after ablation or cardioversion
leads to biatrial reverse remodelling, with few reported data
on RA structural and functional remodelling. An electro-
physiology study [28] with detailed biatrial electroanatomic
mapping has demonstrated that AF is associated with remod-
elling processes affecting both atria. The observed RA
remodelling could be an accurate correlate of LA remod-
elling [28].

RA structural remodelling in AF has been evaluated using
TTE [10] and magnetic resonance imaging (MRI) [11,29].
These studies demonstrated a significant decrease in 3D RA
volume after restoration of SR. In a study by Therkelsen
et al. [29], only the RA volume normalized 180 days after
cardioversion in comparison with healthy volunteers. This
may underline the greater and faster ability of the RA
to reverse structural remodelling. In our study, we also
observed RA structural reverse remodelling restricted to the
AF-SR group at M6, with significant decreases in both Max 3D
RA Vol; and Min 3D RA Vol;, to the same extent as observed
with LA reverse remodelling.

To our knowledge, only MRI studies [11,29] have
evaluated RA functional reverse remodelling in AF, and
demonstrated a significant increase in 3D RAEF after restora-
tion of SR. In our study, we also found significant increases
in 3D RAEF, 3D RAEI, and global RA reservoir strain between
MO and Mé in the AF-SR group only.

Strain and 3D analysis in AF

Most studies of atrial strain or 3D analysis in AF have
only included patients with paroxysmal AF, and echocardio-
graphic variables were analysed during SR. AF is a difficult
condition in which to use 3D and strain analysis. In our study,
AF was present in 38 patients during the first TTE, and
in 13 patients during the second TTE (Fig. 2). All patients
had 3D and strain acquisition, but not all data were inter-
pretable, because of artefacts or echogenicity. 3D analysis
was possible in 68.8—72.9% of cases, and strain analysis in
83.3—100%. Currently development of 3D allows single beat
acquisition, thus extending the use of 3D to patients with AF.
Furthermore, the intraobserver and interobserver variability
showed good results for strain and 3D analysis (Table A.2).
It is also interesting to note that RA strain (concordance
correlation coefficient + standard error, 0.96 +0.03) and LA
strain (0.95+0.03) had the lowest interobserver variability
among all atrial measures (Table A.2). This result may be
explained by the semiautomated software analysis, which
increases interobserver reproducibility.

Study limitations

First, the rate of AF recurrence is likely to have been
underestimated, given the absence of Holter monitoring.
However, with evaluation of rhythm during TTE at 6 months,
we had a global assessment of the evolution of rhythm.
Second, with a 6-month follow-up, our results need to be
confirmed with longer clinical and echocardiography follow-
up. Third, we evaluated biatrial remodelling only with TTE
imaging; it would be interesting to have complementary
data with MRI. However, most patients in our study were
in AF during the first TTE, which can make interpretation
of the MRI more difficult. Finally, concerning the software
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used for the strain analysis, we used LV-dedicated software.
Our results will improve with the current development
of strain and 3D software specific for RA/LA analysis.
Furthermore, in our study, strain analysis software used
seven-segment models and calculated global longitudinal
strain with weighted combination of the regional strains.
The atrial global strain could be refined with six-segment
analysis rather than seven-segment analysis, and thus
calculation according to the entire myocardial line length
(following the speckle task force consensus [30,31]).

Conclusions

By using 3D TTE and strain analysis, we evaluated reverse
biatrial remodelling in patients with AF who were success-
fully cardioverted. We observed structural and functional
remodelling, with a significant decrease in biatrial 3D
volume and a significant improvement in biatrial global
reservoir strain, 3D RAEF and 3D RAEI. It would be inter-
esting to evaluate in a larger population sample whether
these new echocardiographic tools are useful for predicting
rhythm outcome and long-term remodelling during follow-up
in AF.
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