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Abstract

Background: This systematic review and meta-analysis was performed to assess the prognostic role of left atrial peak systolic
longitudinal strain (LA-PLSsys) as a predictor of atrial fibrillation (AF) recurrence after catheter ablation. Methods We
systematically searched major electronic databases and grey literature for studies assessing the role of preablation LA-PLSsys,
measured in at least 2 segments, in post-ablation AF recurrence, after a follow up period of at least 6 months. Results: 17
eligible studies were included, resulting in 1704 patients (68.6% men) with a pooled mean age of 59.9+£10.6 years, 65.9% with
paroxysmal AF. Recurrence occurred in 32.7% of patients. Those without recurrence had significantly higher LA-PLSsys (pooled
mean+SD: 22.22%+10.64%, weighted mean difference: 5.43%, 95%CI: 4.03-6.84%, 12: 82.7%). Subgroup analysis revealed that
methodology used (echocardiographic view and segments assessed) was a significant source of heterogeneity (p=0.02), while
meta-regression analysis demonstrated that the effect size was inversely related to the baseline LA volume index (p=0.004).
Conclusions: Pre-ablation LA-PLSsys seems to be a useful predictor of post-ablation AF recurrence. However, data for patients
with persistent AF and severe LA dilation are still lacking, thus no safe conclusion can be made for this challenging subgroup.
Moreover, use of different methodology seems to introduce bias in the effort to obtain a universal cutoff value. Whether LA
strain may be of clinical use, which would require better methodological definition and deriving a reference range - with adequate

positive and negative predictive value for recurrence - is subject to further investigation.

INTRODUCTION

Atrial fibrillation (AF) is the most common tachyarrhythmia, with an estimated prevalence of 6% in patients
older than 65 years, which is progressively increasing because of aging of the population, higher prevalence
of risk factors and better strategies for detection!!l. The presence of AF is associated with a 2-fold increase
in death and heart failure and a 5-fold increase in the rates of stroke and systemic thromboembolism.
Additionally, AF can reduce quality of life and exercise tolerancel?!.

Catheter ablation (CA), one of the most commonly performed electrophysiology procedures, has emerged
as an important treatment option for patients with AF. Randomized trials demonstrated the superiority of
CA compared to antiarrhythmic drugs in terms of maintaining sinus rhythm (SR), improving the quality
of life and symptoms of AF patients and, the number of CA procedures grew exponentially and indications
are expandingl®l. Long-term success of CA varies widely from 50 to 80% and recurrences of AF, mostly due
to pulmonary vein reconnection, remain an important problem. Prior studies have recognized a number of
predictive outcomes following CA of AF, such as age, type of AF, hypertension and left atrial (LA) dilation!!.

AF is associated with LA enlargement, remodeling and fibrosis, caused by LA pressure and/or volume



overloadl®!. Furthermore, LA structural and functional remodeling has been recognized as an important risk
factor for AF recurrence. In this regard, it is interesting that LA strain, determined by 2-dimensional speckle
tracking echocardiography (2DSTE), can serve as a predictor for AF recurrence after catheter ablation!®-7l.

The aim of this meta-analysis is to evaluate the predictive role of LA peak systolic longitudinal strain
(LA-PLSsys) on AF recurrence after CA.

METHODS

This systematic review and meta-analysis was performed in accordance with the PRISMA guidelines!®!. The
predefined protocol was registered in PROSPERO database (CRD42020178248).

Search strategy

A systematic search of the literature was performed, up to July 2020, in three databases: Medline (via
PubMed), Scopus and Cohrane Library, using the following search strategy based on keywords: ((atrial)
OR (atria) OR (atrium)) AND ((reservoir) OR (strain) OR (stiffness)) AND ((atrial fibrillation) OR (af)).
Additional hand- search was also performed using the references of the articles that were identified as relevant
(snowball strategy). No date restriction was used. Articles not available in english were excluded.

Study selection

All articles that were obtained after the initial search, were screened by two independent reviewers (L.A.
and M.K.) based on title and abstract. Subsequently, potentially eligible studies were further reviewed for
inclusion in the final analysis based on the full text. Any disagreements were resolved after consensus with an
expert (G.G.). Eligibility criteria for inclusion were: a) prospective or retrospective studies including patients
with paroxysmal or/and persistent AF, b) endocardial pulmonary venous isolation (PVI) with radiofrequency
catheter ablation (RFCA) or cryoballoon ablation, ¢) pre-procedural quantification of LA-PLSsys, averaged
in at least two segments, using 2DSTE d) a follow-up of at least 6 months for post-ablation AF recurrence.

Data extraction

Data from eligible studies were extracted in a predesigned Microsoft Office Excel 2007 form by two indepen-
dent reviewers (I.A. and M.K.) and crosschecked for any disagreements, which were resolved after consensus
with a senior (G.G.). In case of eligible studies that did not clearly report the primary outcome of interest, we
contacted authors electronically (via email) to obtain the required data. For one study that provided effect
size as median with interquartile range (IQR), median was used as mean and the standard deviation was
obtained from IQR (standard deviation=IQR/1.35). In 10 out of 17 studies the endpoint was defined as AF
recurrence, whereas in the other 6 studies the endpoint included atrial tachyarrhythmias (AF, atrial flutter,
atrial tachycardia). Furthermore, in the majority of eligible studies (11/16) the LA-PLSsys was measured in
sinus rhythm, whereas, accordingly to Hang et al.[%l, peak and average systolic strain and strain rate showed
no statistical difference between sinus rhythm and AF at baseline echocardiographic parameters. It should
be noted that all strain measurements were performed before the catheter ablation procedure.

Risk of bias

Risk of bias within studies, concerning the primary outcome of interest, was assessed in duplicate with
the National Institutes of Health Quality Assessment Tool for Observational Cohort and Cross-Sectional
Studies!'?), modified to better fit our studies (Supplementary table 1). Disagreements were resolved by
consensus. Studies with an overall score [?]80% were deemed as high quality. Publication bias was evaluated
both visually — using contour-enhanced funnel plot (with the level of statistical significance set at 1%, 5%
and 10%) — and with Egger’s test!*!].

Statistical analysis

Continuous variables were summarized as mean (standard deviation). For pooling the primary outcome of
interest, the mean difference (MD) with 95% confidence interval in pre-ablation LA-PLSsys between patients
with and without post-ablation AF recurrence, meta-analysis, based on aggregate data, was performed. To



allow for expected effect size dispersion between studies (based on intra/inter-observer variation, different
methodology/ softwares used and different sample synthesis) a random effects (DerSimonian-Laird) model
was adopted. Heterogeneity was assessed using I?, with values between 50% and 90% representing substantial
heterogeneity!*?l. To explore heterogeneity sensitivity analysis (including only high quality studies) and sub-
group analysis were performed. Moreover meta-regression analysis was performed to explore the confounding
effect of age, comorbidities and baseline echocardiographic characteristics. All analyses were performed using
STATA /MP version 16.0, Texas, USA software.

RESULTS
Search results and studies characteristics

2312 articles were retrieved by the electronic search and 3 additional articles were identified by hand-search.
The flow of study selection is depicted in Figure 1. 17 articles were considered to be eligible and were included
in the final analysis!'329!, We analyzed 1704 patients (68.6% men) with a pooled mean (SD) age of 59.9(10.6)
years. Among them 65.9% had PAF, while the main comorbidities were hypertension (51.6%) and diabetes
mellitus (11%). The baseline pre-ablation weighted mean (SD) maximum LA volume index (LAVi) and left
ventricular ejection fraction were 38.38 (16.27) and 61.5% (9%), respectively. For quantification of LA-PLSsys
most studies used the EchoPac PC, GE Vingmed, Horton, Norway software, with the vast majority of the
researches measuring LA-PLSsys in at least 6 segments. Two studies included a mixed population of patients
who underwent first and second PVI procedurel2? 221 while in one study the majority of patients were treated
with electrical cardioversion prior to CA procedure (LA-PLSsys was measured before cardioversion)[zg]. AF
recurrence occurred in 32.7% of the patients analyzed. Studies characteristics are summarized in Table 1.

Bias assessment

The risk of bias assessment is summarized in Supplementary table 2. Five studies were deemed as low-
quality, mainly due to not reporting sample size calculation. No significant publication bias was revealed after
construction of the contour-enhanced funnel plot (Supplementary Figure 1) and Egger’s test demonstrated
no significant small study effect (p= 0.21).

Baseline LA strain and AF recurrence

Analysis of the 17 included studies revealed that the MD between baseline LA strain in patients with post-
ablation SR maintenance ((N= 1147, pooled mean (SD): 22.22% (10.64)) and those with AF recurrence
((N= 557, pooled mean (SD): 15.96% (9.77)) was statistically significant (5.43%, 95%CI: 4.03-6.84%). Hete-
rogeneity analysis showed substantial heterogeneity (I?: 82.7%) (Figure 2).

We performed a sensitivity analysis, by including only the 12 studies that were classified as high-quality,
but no significant change was noted compared to the overall results (Supplementary Figure 2). Also, when
we excluded two studies!!>-27] which visually introduced substantial heterogeneity, a more homogenous ef-
fect size estimation emerged (mean difference: 6, 95%CI: 5.12-6.89, 12:42.77%). Subgroup analysis was also
performed by dividing studies according to the methodology used for strain measurement (apical 4 cham-
bers view only versus biplane and the number of LA segments assessed), a significant subgroup interaction
was noted (p=0.02) (Figure 3). The pooled effect sizes presented minimal quantitative changes compared
to the initial pooled effect size estimation. Heterogeneity was almost eliminated in the smaller subgroups of
studies, but remained substantial in the larger subgroup of studies that used the biplane method. Moreover,
subgroup analysis was performed based on the type of the ablation procedure that was used — 7 studies
using radiofrequency catheter ablation PVI alone versus 9 studies using radiofrequency catheter ablation
PVI plus additional lesions- but no significant interaction was found (p=0.6). Subgroup analysis based on
the software used (9 studies using EchoPac and 8 studies using other softwares) no significant interaction was
noted (p=0.5). Finally, after removing one subgroup of patients who underwent second radiofrequency!'!
catheter ablation procedure and one study with mixed population (first and second radiofrequency catheter
ablation PVI)['4l heterogeneity remained at the same levels (I?: 84.5%) with no significant change in the
effect size (MD: 5.36, 95%CI: 3.84-6.87).



Meta-regression analysis revealed no confounding effect of age (p=0.67), male gender (p=0.34), number
of PAF patients included (p=0.96), number of hypertensive patients included (p=0.56) and baseline pre-
ablation strain (p=0.66). However a statistically significant negative correlation was documented between
the pooled effect size and the mean baseline maximum LAVi (regression coefficient= -0.184, p=0.004, one
study where LAVi was measured using 3D echocardiography was excludedm]) (Figure 4).

DISCUSSION

The main finding of this meta-analysis is that, between AF patients who maintained post-ablation sinus
rhythm and those with arrhythmia recurrence, there is a significant difference in baseline LA-PLSsys mea-
sured by 2DSTE in at least two segments. According to our findings, a higher pre-ablation LA-PLSsys could
identify patients who will benefit more from a PVI procedure. However, these results should be interpreted
with caution because of the existing heterogeneity. The magnitude of the effect size decreases as the LAVi
increases. In other words, the LA-PLS as a predictor of AF recurrence in patients with a severely dilated LA
may be limited. Moreover we provide evidence that methodological issues could be a potential source of bias.
Subgroup analysis based on echocardiographic views used and segments assessed, revealed that the effect size
estimation is more homogenous in studies using the same methodology. An exception was noticed for studies
using the global approach (apical 4 and 2 chambers- 12 segments). In this subgroup heterogeneity remained
substantial (I2: 88.2%). Visually, it can be attributed to two studies- Hongning et al.[*”l and Hanaki et al.['’l
- which are characterized by including patients with extreme (relative to the pooled baseline LA-PLSsys
mean+SD: 20.18%=+10.77%) pre-ablation strain values (36.95% and 8,64%, respectively). Thus, concern is
also raised about test’s utility in such patients. Nevertheless, no confounding effect of baseline LA-PLSsys
was documented in meta-regression analysis.

These results are in line with previous reports/3% 31l which have included studies up to 2017. Our study adds
to existing knowledge by allowing a more robust effect size estimation, independent of age, sex, comorbidities
and PAF status effects. It also addresses the matter of heterogeneity across the existing literature, leading
to some interesting observations, regarding the confounding effect of the baseline LAVi and the methodology
used for strain quantification in the included studies.

LA enlargement and remodeling, which typically accompany AF, usually in direct proportion to AF burden,
are a critical correlate of AF recurrencel®?l. Kalifa et al. demonstrated that higher LA stretch constitutes a
substrate for AF development, by increasing activation sources at the junction between pulmonary veins and
the LA in a sheep modell®®!. On the other hand, long-standing ineffective atrial contraction in the setting
of persistent AF worsens LA dilatation and electric remodeling and can perpetuate the arrhythmial®4. The
pathophysiology of AF can be, thus, described as ectopic triggering in a reentry atrial environment!3®l. The
remodeling of the atrial interstitial matrix, which is characterized by increased fibrosis, is a prerequisite for
reentry of ectopic depolarizations and the occurrence of AF. Increased fibrosis has been shown to be an
independent predictor of left atrial mechanical dysfunction!®®!. Reactive deposition of collagen fibers in the
interstitium causes massive fibrosis with consequent alterations in normal conduction!3”l. Moreover, fibrosis
tends to increase progressively, favoring conversion to a permanent form. Prevention of atrial fibroblastic
remodeling is fundamental; identification of an advanced stage of fibrosis can guide a specific and focused
therapeutic strategy[®® 39, Consequently, LA strain could be useful in identifying patients with LA structural
and functional remodeling, that is favorable for sustaining AF propagation!®l.

According to the CABANA trial and other smaller trials (CASTLE-AF, RAAFT-2), CA is associated with
a decreased AF recurrence rate than drug therapy!*®42l. On the other hand, the lack of proof of definitive
clinical benefit from PVI in the CABANA trial has highlighted the need to select patients more likely to
benefit from this procedure. For this reason, more research is needed in order to understand whether risk
factor management and lifestyle changes along with a more focused approach to pre-procedural patient
assessment may reduce recurrence rates and maximize the benefits gained from ablation.

Echocardiography is a feasible, widely available, highly reproducible and low-cost examination, which may
offer important information regarding parameters potentially associated with post-ablation outcome. This



meta-analysis suggests that LA-PLSsys appears to be a useful predictor of AF recurrence after CA. However,
it is unclear whether a clinically useful cut-off value (with a high positive and negative predictive value for
recurrence) may be computed, which could be employed as a criterion to proceed with CA or not. Currently,
according to the results of this meta-analysis, there is a number of potential heterogeneity sources which
may limit LA-PLSsys clinical value, including methodological differences, patients with severely dilated LA,
etc.

Limitations

The subpopulation of patients with persistent AF was under-represented (34%) in the pooled sample size,
which may limit the applicability of the present findings in this group of patients. Data about patients
with severely dilated LA (i.e. LAVi> 48ml/m?) are also lacking. Moreover, only a limited number of studies
provided diagnostic accuracy analysis and performing such a meta-analysis to construct the pooled rock
curve, to find the optimal cut off was impossible. Finally, PVI using cryoenergy was performed only in
one study and, as a result, any possible confounding effect of this alternative procedure type could not be
estimated.

Conclusion

Pre-ablation assessment of LA-PLSsys seems to be a significant predictor of AF recurrence after CA. However,
current data do not permit derivation of a reference range with adequate positive and negative predictive
value. More studies, using stricter methodology and also including patients at high risk for recurrence- such
as those with severely dilated LA- are needed to clarify the clinical use of LA-PLSsys.

FIGURES AND TABLES WITH LEGENDS
Figure 1 Flowchart of studies selection

Figure 2 Forest plot of LA-PLSsys weighted mean difference between patients with No AF recurrence and
AF recurrence

AF: atrial fibrillation
LA-PLSsys: left atrial peak systolic longitudinal strain

Figure 3 Forest plot of LA-PLSsys weighted mean difference between patients with No AF recurrence and
AF recurrence, based on the echocardiographic methodology for strain quantification

A2C: apical two chambers view, A4C: apical four chambers view, S: segments
AF': atrial fibrillation
LA-PLSsys: left atrial peak systolic longitudinal strain

Figure 4 Meta-rgression analysis. Impact of pre-ablation maximum LAVi in LA-PLSsys weighted mean
difference between patients with No AF recurrence and AF recurrence

AF': atrial fibrillation
LA-PLSsys: left atrial peak systolic longitudinal strain
LAVi : left atium volume index

Table 1 Summary table of included studies



LAVi

Study Men  Age HT DM DLD CAD (ml/m? LVEF PAF View-
(year) N (%) (¥) (%) (%) (%) (%) ) (%) (%) SegmentSoftward V]
Hwang 40 85 54.1 35 13,8 NR NR 31,2 63,28 100 A4C EchoPac RFC
et al. (9,3) (10,8)  (6,46) +A2C- PC,
(2009) 13 GE
8 Healthcare
Kuppahélly 73,4 61,9 42.5 34,5 14,5 36,97 52,72 38 A2C-  VVISiemRirC
et al. (14,6) (12,32) (11,18) 2 Medi-
(2010)[14 cal
Solutions
Mirza 63 58,7 63,1 53.2 14,3 55,6 11,1 33,7 63,5 74,6 A4C-  TomTec RFC
et al. (9,9) (10,1)  (5,7) 6 Imag-
(2011)[81 ing
Systems
Machind23 84,6 60 (9) 56 7 NR 6 52,3 63,5 0 A4C EchoPac RFC
Otsuka (24,13) (10,24) +A2C- PC,
et al. GE
(2013)[l 12 Healthcare
Morris 84 60,7 60,7 54.8 1,2 NR 8,3 27,78 61,4 100 A4C EchoPac RFC
et al. (9,7) (18,42) (6,9) +A2C- PC,
(2013)117] GE
12 Healthcare
Spethmaiin 61,3 62,3 67.7 16,1 NR 3,2 34,85 43,1 61,3 A4C-  EchoPac RFC
et al. (9,1) (9,19)  (8,98) 2 PC,
(2014)018] GE
Healthcare
Motoki 256 69,9 59 54 11 NR 14 41 58 80 A4C VVI,SiembC
et al. (11) (13) (10) +A2C- Medi-
(2014)19 cal
12 Solutions
Montsergat 73,5 54 37 NR NR NR 36,73 61 96 A4C-  Philips RFC
et al. (8,5) (12,44) (5,22) 6 QLAB
(2015)[20]
Yasuda 100 84 59 42 12 29 4 46,48 71,68 68 +A2C- EchoPac RFC
et al. (11) (14,05) (8,83) PC,
(2015)[21 12 GE
Healthcare
Kawasali37 70,8 61,9 46 16,1 NR 5,8 50,97 63,78 100 A4C- Aquson RFC
et al. (10,6) (15,40) (7,98) 2 Sequoa
(2016)[22l
Ma 115 60,9 64 (7) 65.2 17,4 6,9 12,2 39 60,2 46,1 A4C TomTec RFC
et al. (12,7)  (6,1) +A2C- Imag-
(2017)[23] ing
12 Systems
Parwanil(2 66,7 65,7 72.5 8,8 NR 24,5 30,9 56,8 0 A4C EchoPac RFC
et al. (9,7) (12,3)  (3,8) +A2C- PC,
(2017)124] GE
12 Healthcare



LAVi

Study Men Age HT DM DLD CAD (ml/m? LVEF PAF View-
(year) N (%) (¥) (%) (%) (%) (%) ) (%) (%) SegmentSoftward V]
Bai 87 71,3 61,9 57.5 24,1 NR 12,2 23,73 61,84 747 A4C-  EchoPac RFC
et al. (10,6) (9) (4,58) 6 PC,
(2018)125] GE
Healthcare

Hongnif{g 59,1 8,5 44.3 9,1 NR 6,8 27,05 68,5 100 A4C NR RFC
et al. (9,6) (8,16) (5,44) +A2C-
(2018)[28]

12
Lizewskad 61 55 51 5 27 5 40 62 (6) 83 A4C-  EchoPac RFC
Springer (11) (12) 6 PC,
et al. GE
(2019) Healthcare
[27]
Koca 150 62,3 55,1 86 25 8 17 28,72 62,7 100 A4C Philips CRY
et al. (11,1) (8,66) (5,41) +A2C- QLAB
(2019)[28l

14
Hanaki 100 84 63 (9) 54 11 28 13 45,2 62,3 0 A4C EchoPac RFC
et al. (15,2)  (9,2) +A2C- PC,
(2020)[2°] GE

12 Healthcare
BMI: Body Mass Index, CAD: Coronary Artery Disease, DLD: Dyslipidemia, DM: Diabetes Mellitus, FUP:

follow up, HT: Hypertension, LAVi: Left Atrium Volume index, LVEF: Left Ventricle Ejection Fraction, m:
months, NR: Not Reported PAF: Paroxysmal Atrial Fibrillation, PVI: Pulmonary Venous Isolation, Rec:
Recurrence, y: years

Continuous variables are summarized as mean (SD)
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