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Aims

Methods
and results

Left atrial (LA) diameter is a predictor of atrial fibrillation (AF) recurrence following radiofrequency catheter abla-
tion (RFA). However, LA volume (LAV) is more accurate in assessing LA size. Studies evaluating LAV as a predictor
of AF recurrence are contradictory; therefore, we performed a meta-analysis to assess whether LAV is an inde-
pendent predictor of AF recurrence following RFA.

All studies reporting LAV/LAV index (LAVi) as a predictor of AF recurrence following RFA were included. For
studies reporting mean LAV/ LAVi in patients with and without AF recurrence, standard difference in means
(SDM) and standard errors were calculated, and combined using meta-analytical techniques. For studies reporting
adjusted odds ratio (OR) for AF recurrence based on LAV/LAVi, log ORs were combined using generic inverse
variance. Twenty one studies (3822 subjects) were included. Meta-analysis of 11 studies (1559 subjects) reporting
LAV, showed that patients with AF recurrence had a higher mean LA volume compared to patients with no recur-
rence (SDM 0.801; Cl 0.387-1.216). Data from 9 studies (1425 subjects) comparing LAVi showed that, patients
with AF recurrence had a higher mean LAVi compared to patients with no recurrence (SDM-0.596; Cl 0.305—
0.888). Thirteen studies (2886 patients) reporting ORs for AF recurrence based on LAV/ LAVi, showed that LAV/
LAVi was independently predictive of AF recurrence post-RFA (OR-1.032, Cl- 1.012-1.052).

Conclusions Patients with AF recurrence following RFA have a higher mean LAV/LAVi compared to patients with no recur-
rence. Large LAV/LAVi increases the odds of AF recurrence post RFA.

Keywords Atrial fibrillation e Atrial fibrillation recurrence e Radiofrequency ablation e Left atrial volume e Meta-analysis

Introduction symptomatic AF who have failed anti-arrhythmic drug therapy. The

rate of success after pulmonary vein isolation varies between 50—

Atrial fibrillation (AF) is the most common cardiac arrhythmia with a
projected prevalence of about 16 million by the year 2050. AF leads
to thromboembolic strokes, myocardial infarction and heart failure,
and is associated with increased mortality, costing the US health care
system an approximate 6 billion dollars a year." Pulmonary vein isola-
tion (PVI) by radiofrequency ablation (RFA) is now an established
therapeutic option for AF and is commonly used in patients with

80%.> Although a majority of patients with AF recurrence after PVI
have pulmonary vein reconnection,® many patients with PV recon-
nection do not develop AF recurrence,* suggesting complex underly-
ing mechanisms beyond pulmonary vein triggers instigating AF
recurrence. Multiple studies have focused on understanding risk fac-
tors and predictors of AF recurrence after RFA. Left atrial size has
been studied mostly in a retrospective fashion by various groups, and

* Corresponding author. Tel: +1-318-675-3260. E-mail address: pdomi2@lsuhsc.edu
T The first two authors contributed equally to the study.
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What’s new?

® Previous studies have shown large left atrial (LA) diameter to
be a predictor of atrial fibrillation (AF) recurrence following
radiofrequency catheter ablation (RFA).

® However, LA diameter does not truly reflect the size of an
asymmetric LA, whereas LA volume (LAV) is more accurate.

® Studies evaluating LAV as a predictor of AF recurrence follow-
ing RFA are contradictory; therefore, we performed a meta-
analysis to assess the same.

® Meta-analyses of observational studies show that while patients
with AF recurrence post-AF ablation have significantly higher
LAV compared to patients without recurrence, the difference
in LA dimensions and the risk of AF recurrence due to an
increased LA size is only modest.

® Large patient registries with post-AF ablation patients and ex-
tensive outcomes data may shed further light into the impact
of LAV and LAVi on AF recurrence and other outcomes fol-
lowing catheter ablation for AF.

the results have been mixed. A meta-analysis of 22 studies with 3750
patients showed that increased antero-posterior diameter of the LA
was associated with increased recurrence of AF after RFA Prior evi-
dence shows that LA dilation is asymmetric and is predominantly in
the medial-lateral and superior-inferior axes as antero-posterior dila-
tion is limited by the thoracic cavity. Therefore, diameter is not an ac-
curate way of assessing LA dimension, as it frequently underestimates
LA size. Studies evaluating large LA volume (LAV) as a predictor of AF
recurrence are small, retrospective, and contradictory. Therefore, we
aimed to perform a systematic review and meta-analysis of these stud-
ies. In this meta-analysis, we compared: (1) the mean LAV and LA vol-
ume index (LAVi) in patients who develop AF recurrence after RFA
compared to patients who do not; (2) the incidence of AF recurrence
and odds ratio for recurrence in patients based on LAV/LAVi.

Methods

Our meta-analysis is in accordance with recommendations of the Meta-
analysis of Observational studies in the Epidemiology Group (MOOSE).

Search strategies

We searched MEDLINE/PubMed (1966-2014), Cochrane Database of
systematic reviews (1999-2014), and Google Scholar using keywords:
‘atrial fibrillation ablation,” ‘atrial fibrillation,” ‘recurrence post ablation,
‘left atrial volume’, and ‘left atrial volume index.’ ‘Related article’ feature
on PubMed, and a manual search of references was also used to identify
additional studies. We reviewed full text of relevant articles. English trans-
lations, if necessary, were obtained. Titles and abstracts were independ-
ently reviewed by two reviewers (AN and RA) and cross-verified for
inclusion. Details of search strategy are reported in Figure 1.

Inclusion criteria

For the analysis of mean LAV and or LAVi in patients with post-RFA AF recur-
rence: Studies (retrospective and prospective) comparing mean LAV and
or LAVi in patients with AF recurrence after RFA to that of patients

without recurrence were included. Studies with a minimum follow-up of
6 months post RFA were included.

For the analysis of risk of AF recurrence post RFA based on LAV/LAVi: Studies
reporting the risk of AF recurrence after RFA based on per unit increase
in LAV/LAVI by univariate or multivariate logistic regression analysis were
included. Studies with minimum follow-up of 6 months post RFA were
included.

For both groups of studies, LAV/LAVI was assessed by one of the
following modalities: Transthoracic Echocardiogram (TTE), Cardiac
Computed Tomography (CT), or Magnetic Resonance Imaging (MRI).

Exclusion criteria

Studies were excluded if they (i) Lacked a control group, (i) compared
mean LAV/LAVi in patients with AF recurrence post direct current cardio-
version, (jii) reported only systolic and diastolic LAV, (iv) did not report
baseline variables, (v) were published only in abstract form, (vi) were non-
English studies with no English translation, and (vii) reported odds ratio for
AF recurrence post-RFA based on an arbitrary cut-off value (Only for stud-
ies evaluating the risk of AF recurrence post-RFA based on LAV/LAVI).

Data extraction and assessment of study
quality

For each included study, all data elements uniformly reported across most
studies were extracted by two reviewers (A.N and R.A) and cross-verified
by a third (MK) and is shown in Tables 1 and 2. The quality of each study
was evaluated in accordance with the guidelines of United States
Preventive Task Force and the Evidence-Based Management Group.”®
The following characteristics were assessed: (i) clear inclusion and exclu-
sion criteria; (i) study sample representative of the population; (iii) explan-
ation of sample selection; (iv) full specification of clinical and demographic
variables; (v) reporting loss of follow-up; (vi) clear definition of outcomes
and outcome assessment; and (vii) adjustment of possible confounders in
multivariate analysis. Studies were graded as ‘poor’ if they met less than
three of the criteria, ‘fair’ if they met three to five of the criteria, and ‘good’
if they met more than five of the criteria. The quality assessment of individ-
ual studies is reported alongside baseline variables in Tables 7 and 2. All dis-
agreements between reviewers were resolved by consensus.

Statistical methods

For the analysis of mean LAV and LAVi in patients with AF recurrence,
mean LAV/LAVi values were extracted for patients with AF recurrence
and patients without AF recurrence, and weighted mean differences
(WMD) and 95% confidence interval (Cl) were calculated for each study.
For the analysis of the risk of AF recurrence post RFA based on LAV/LAVi,
univariate and multivariate odds ratio for AF recurrence reported using lo-
gistic regression analysis was extracted. For studies reporting Hazard ratio
(HR) only, HR was adopted as the best estimate of OR. ORs were trans-
formed logarithmically, then standard error was calculated from Log OR
and the corresponding 95% confidence interval (Cl). Inverse variance
method was used to achieve a weighted estimate of the combined overall
effect. Adjusted ORs were used whenever individual studies employed
Cox proportional hazard model to adjust for potential confounders. For
all the analyses, we assessed the results for heterogeneity in our analysis by
examining the forest plots and then calculating a Q statistic, which we then
compared with the Pindex. We considered the presence of significant het-
erogeneity at the 5% level of significance (for the Q test) and values of [*
exceeding 56% as an indicator of significant heterogeneity. For the mean
LAV and LAVi in AF recurrence analysis, Q statistic (P-0.00 for both) and /*
index (92.2 for LAV and 79.65 for LAVi) indicated moderate to severe het-
erogeneity between studies. This prompted us to adopt the random effect
model to pool WMD. For the analysis of studies, reporting the risk of AF
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12 646 Records identified

7262 Duplicates & 24 Non human trials

5106 Excluded owing to indeterminate
title / abstract, irrelevant study design and

inapplicable study / control group

228 Excluded on full text review:

o Inclusion / Exclusion Criteria not

o Absent baseline characteristics
o Inadequate follow up

5 EXcluded during data-extraction

« Amin V et al 201312

« VolgmanAS et al 1996°
« Yoon JH et al 20131

« Marchese P et al 201110
« Abecasis et al 20093
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Meta-analysis

21 Studies included in the

Figure 1 PRISMA flow diagram. Search strategies and screening of studies for inclusion in the meta-analysis.

recurrence based on LAV/LAVi, Q statistic (P-0.00) and I index of 89 indi-
cated severe heterogeneity again prompting us to adopt the random effect
model to pool effect sizes. All analyses were performed using
Comprehensive Meta-Analysis version 3, Biostatinc, Englewood, NJ, USA.
The underlying heterogeneity further prompted us to perform a meta-
regression analysis to investigate factors contributing to heterogeneity, and
to explore if our study outcome (mean LAV/LAVi and OR for AF recur-
rence) was affected by factors other than our primary variable. To achieve
this, we adopted a weighted regression random effect model and carried
out a multivariate regression of pre-determined factors using comprehensive
meta-analysis version 3. These factors were selected based on factors shown
to affect AF recurrence in individual studies and on data availability for major-
ity of the studies included. A two-sided P-value <0.05 was regarded as signifi-
cant for all analyses. Data was represented as forest plots, and potential
publication bias was assessed with the Egger test and represented graphically
with Begg funnel plots of the natural log of the OR vs. its standard error.

Results

A total of 21 studies fulfilled our criteria for inclusion. Details of search
strategy are reported in Figure 1. Five studies were excluded for the

following reasons: (i) two studies reported LAV/LAVI in patients with
219 (ii) one study re-
ported LAV/LAVI in patients with AF recurrence after spontaneous
conversion,"" and (iii) one study by Amin V. et al.'* was considered

AF recurrence post-direct current cardioversion,

poor quality because there was no reported baseline variables, no
continuous monitoring for symptomatic AF recurrence, no mean LAV
reported (only systolic and diastolic), and there was a large variation in
follow up duration from less than 6 months to 24 months and (iv) one
study by Abecasis et al.”® was excluded as the authors analysed risk of
AF recurrence based on an arbitrary cut-off value for LAV/LAVI.

Meta-analysis of the difference in left
atrial volume between patients with and
without atrial fibrillation recurrence
post-radiofrequency catheter ablation
Eleven studies, mostly singe centre cohorts, with 1559 subjects were
included in the meta-analysis (Table 7). Seven studies were prospective
and four were retrospective. The average follow up duration for the
studies was 16.9 months. Studies used ECHO, CT, and MRI to assess
the LAV. Most studies performed circumferential PVI alone, and 4 of
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Table 2 Baseline variables of 16 studies included in the meta-analysis of difference in LAV/LAVi between patients with

and without post-RFA AF recurrence

Study, Year Mean Male,% Hypertension, Diabetes, CAD, Type of AF, % Valvular
Age. % % % Baroxysmal Persistent “Long 7 heart
years standing disease, %

persistent

Maciel et al., 2006 60 69.78 5822 NA 33.74 NA NA NA 0

Parikh et al., 2010 57.6 7417 61.3 9.64 10.36 454 54.6 0 5.7

Hof et al., 2010 56 76 29 NA NA 70 25 5 1

Shin et al., 2007 55 95.72 45.58 8.99 13.77 58.8 41.2 0 NA

Kohari et al,, 2013 61.3 79.66 68.23 14.97 13.76 0 77 23 0

Helms et al., 2009 56 81.50 50.83 13.13 17.21 66 34 0 14

Bergau et al,, 2014 63 61.11 64.24 14.24 NA 583 41.7 0 441

Sohns et al., 2013 62 76.05 95.33 21.23 NA 71 29 0 16

Kim et al,, 2014 54.6 86.01 40.53 526 NA 0 100 0 NA

Linhart et al., 2013 60 68.33 58 9.74 16.09 67 33 0 NA

Yoshida et al.,, 2011 62 83.16 50.35 222 20.57 0 100 0 NA

Nedios et al. 2015 59 69.29 60.28 16.17 9.95 61.2 388 0 NA

Hof et al., 2009 57 83.00 47 NA NA 55 18 27 NA

Montefusco et al, 2010 60 68.09 29.23 NA NA 65.4 34.6 0 33

Uijl et al,, 2011 55.9 77.00 45 NA NA 71 29 0 0

Bary et al,, 2012 60 56.91 40.74 NA 21.24 100 0 0 NA

For complete study names, see reference.
AF, atrial fibrillation; CAD, coronary artery disease; LAV, left atrial volume; LAVi, left atrial volume index; NA, not available; RFA, radiofrequency ablation.
Difference in LAV between patients with and without AF recurrence post PVI
Study name Statistics for each study Std diff in means and 95% ClI
Std diff Standard Lower Upper
inmeans  error Variance limit limit Z-Value P-Value
Maciel et al. 2006 1.651 0.289 0.083 1.085 2.217 5.716  0.000
Parikh et al. 2010 0.864 0.238 0.057 0.397 1.330 3.630 0.000 o —
Hof et al. 2010 0.073 0.274 0.075 -0.464 0.610 0.266 0.790 @
Bergau et al. 2014 0.360 0.188 0.085 -0.009 0.728 1.915 0.056 O
Sohns et al. 2013 0.353 0.126 0.016 0.107 0.600 2.811 0.005 —o1
Hof et al. 2009 0.409 0.170 0.029 0.075 0.742 2.398 0.016 —o—
Montefusco et al. 2010 2.445 0.177 0.031 2.097 2.792 13.786 0.000
Kohari et al. 2013 0.524 0.192 0.087 0.148 0.901 2.728 0.006 ——
Helms et al. 2009 0.683 0.253 0.064 0.187 1.179 2.699 0.007 O
Nedios et al. 2015 0.902 0.224 0.050 0.463 1.340 4.029 0.000 +—@
Bary et al. 2012 0.587 0.166 0.027 0.263 0.912 3.545 0.000 —O—
0.801 0.211 0.045 0.387 1.216 3.791 0.000 —l>
-1.00 -0.50 0.00 0.50 1.00

Favours no recurrence

Favours recurrence

Forest Plot showing that patients with AF recurrence post PVI have a higher mean LAV compared to patients without recurrence

Figure 2 Forest plot showing the difference in LAV between patients with and without post-RFA AF recurrence. Meta-analysis showed patients
with post-RFAAF recurrence had a higher mean Left Atrial volume compared to patients with no recurrence.

the 11 studies performed additional linear ablations. All the studies
used holter monitoring for diagnosis of asymptomatic AF recurrence
except one,"* which used trans-telephonic monitoring. Blanking peri-
ods for AF recurrence post-RFA varied between 1 and 3 months
across studies. Two studies excluded patients with low EF,"*"® and one

excluded patients based on LA size.'® Baseline study variables are
shown in Table 2. Analysis of the funnel plot showed no significant pub-
lication bias (see Supplementary material online, Figure ST). In our
pooled analysis (Figure 2), we found that patients with AF recurrence
had a higher mean LA volume compared to patients with no
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Difference in LAVI between patients with and without AF recurrence post PVI

Study name Statistics for each study
Std diff Standard Lower Upper
inmeans error Variance limit  limit

Shin et al. 2007 2.129 0.345 0.119 1.454 2.805
Kohari et al. 2013 0.497  0.192 0.037 0.121 0.873
Helms et al. 2009 1.333  0.270 0.073 0.803 1.862
Kim et al. 2014 0.333 0.177 0.031 —-0.014 0.680
Linhart etal. 2013  0.462  0.142 0.020 0.184 0.739
Yoshida et al. 2011 -0.063  0.303 0.092 -0.658 0.532
Nedios etal. 2015  0.542 0.218 0.048 0.114 0.969
Uijl et al. 2011 0.380 0.158 0.025 0.070 0.690
Bary et al. 2012 0.243 0.163 0.027 —-0.077 0.564

0.596  0.149 0.022 0.305 0.888

Std diff in means and 95% CI

Z-Value P-Value
6.176  0.000
2.589  0.010
4932 0.000 -
1.880  0.060
3261  0.001
-0.208 0.835 @
2.483 0.013
2.401 0.016
1.488 0.137 -
4.009 0.000
-1.00 -050 000 050  1.00

Favours no recurrence Favours recurrence

Forest Plot showing that patients with AF recurrence post PVi have a higher mean LAVI compared to patients without recurrence

Figure 3 Forest plot showing the difference in LAVI between patients with and without post-RFA AF recurrence. Meta-analysis showed patients
with post-RFA AF recurrence had a higher mean Left Atrial volume index compared to patients with no recurrence.

recurrence (SDM 0.801 mm; Cl 0.387—1.216; P-0.00). A separate sensi-
tivity analysis was performed by excluding the only study that excluded
patients based on LA size (Hof et al.)'® and the results do not change
the inference (SDM-0.870; CI 0.435-1.305; P<0.05). A univariate
meta-regression analysis showed that age, gender, history of hyperten-
sion (HTN) or diabetes (DM), duration of follow up, detection method
used for the diagnosis of asymptomatic AF recurrence, and the region
where the study was conducted did not significantly affect the outcome
of the individual studies and did not add heterogeneity to the meta-
analysis. More importantly, the type of imaging to obtain LAV in individ-
ual studies did not affect the outcome.

Meta-analysis of the difference in left
atrial volume index between patients
with and without atrial fibrillation
recurrence post-radiofrequency catheter
ablation

Nine studies with 1425 subjects were included in the meta-analysis
(Table 1) comparing the difference in LAVi following RFA between
patients with AF recurrence and no recurrence. Six studies were pro-
spective and three were retrospective. Mean follow up duration of
the studies was 17.2 months. Baseline study variables are shown in
Table 2. LAVi was assessed using ECHO, CT, or MRI across various
studies with some studies using multiple modalities within the study.
Five studies performed circumferential PVI alone, and four studies
performed additional linear ablations. All the studies used holter
monitoring for diagnosis of asymptomatic AF recurrence except two,
one of which used trans-telephonic monitoring'* and the other used
event monitoring."” Blanking periods for AF recurrence post-RFA
varied between 1 and 3 months across studies. One study excluded

patients with low EF'* and another excluded patients based on LA
size.” Analysis of the funnel plot showed no significant publication

bias (see Supplementary material online, Figure S2).

Our meta-analysis (Figure 3) showed that patients with AF recur-
rence had a higher mean LAVi compared to patients with no recur-
rence (SDM-0.596; CI 0.305-0.888; P-0.00). A separate sensitivity
analysis was performed by excluding the only study that excluded pa-
tients based on LA size (Yoshida et al)"” and the results do not
change the inference (SDM-0.661; Cl 0.358-0.964; P-0.0). A univari-
ate meta-regression analysis showed that the WMD of LAVI be-
tween patients with and without AF recurrence was larger in studies
with higher percentage of males (P <0.05), thus explaining some of
the heterogeneity between the studies (see Supplementary material
online, Figure $3). Other factors including age, history of HTN or DM,
duration of follow up, detection method used for the diagnosis of
asymptomatic AF recurrence, region where the study was per-
formed, and imaging modality used to obtain LAVi did not influence
the individual study outcomes; therefore they failed to further explain
heterogeneity in our analysis.

Meta-analysis of studies evaluating risk of
atrial fibrillation recurrence post-
radiofrequency catheter ablation based
on left atrial volume/left atrial volume
index

Thirteen studies (Table 3) which analysed the risk of AF recurrence
post-RFA based on LAV/LAVi in 2886 subjects were included in the
meta-analysis. Nine studies were prospective and four were retro-
spective. Mean follow up duration was 18 months. Baseline study
variables are shown in Table 4. LAV/LAVi was assessed using ECHO,
CT, or MRI across various studies with some studies using multiple
modalities within the study. Six of the included studies performed PVI
alone, while seven studies performed additional linear lines and cavo-
tricuspid isthmus ablation during AF ablation. All the studies used hol-
ter monitoring to diagnose asymptomatic AF recurrence except one
by Yoshida et al,"” which used 30 days event monitors. Only one
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Table 4 Baseline variables of 15 studies included in the meta-analysis of studies evaluating the risk of post-RFA AF
recurrence based on LAV/LAVi

Study, year Mean Male, Hypertension, Diabetes, Type of AF, % Valvular
age, % % % Baroxyeral " Bardistent " Lomg heart
years standing disease, %

persistent

Costa et al,, 2015 57 72.2 37.8 NA 732 199 0 NA

Yoshida et al,, 2011 64 83.16 50.35 222 0 100 0 NA

Kim et al,, 2014 54.6 86.15 40.53 5.26 0 100 0 NA

Kiliszek et al., 2014 56 68.45 56 9 714 28.6 0 0

Nedios et al., 2015 59 69.29 60.28 16.17 61.2 38.8 0 NA

Uijl et al,, 2011 55.9 77 45 NA 71 29 0 0

Nedios et al., 2011 59 62.6 539 7.8 54.8 29.6 15.6 0

Hof et al., 2009 57 83 47 NA 55 18 27 NA

Montefusco et al, 2010 60 68.1 36.02 NA 65.4 34.6 33

Park et al., 2014 58 76.7 46.26 1542 718 282 0 NA

Linhart et al., 2013 60.4 68.33 58 9.74 67 33 0 NA

Akutsu et al., 2011 59 85.65 48.47 134 100 0 0 0

Bary et al, 2012 60 56.9 40.74 NA 100 0 0 NA

For complete study names, see reference.
AF, atrial fibrillation; LAV, left atrial volume; LAVi, left atrial volume index; NA, not available; RFA, radiofrequency ablation.
Risk of Post RFA AF recurrence based on LAV/LAVi
Study name Statistics for each study Odds ratio and 95% ClI
Odds Lower Upper
ratio  limit  limit Z-Value P-Value
Costa et al. 2015 1.160 1.092 1.232 4.815 0.000
Yoshida et al. 2011 1.060 0.950 1.160 0.958 0.338 —fo—
Kim et al. 2014 0.871 0.403 1.882 -0.351 0.725
Kiliszek et al. 2014 1.010 0.990 1.030 0.985 0.325
Nedios et al. 2015 1.011 1.008 1.019 2.710 0.007
Uijl et al. 2011 1.023 1.007 1.040 2.762 0.006
Nedios et al. 2011 0.970 0.947 0.998 -2.517 0.012
Hof et al. 2009 1.140 1.004 1.295 2.017 0.044 —
Montefusco et al. 2010 1.090 1.041 1.141 3.680 0.000  J
Park et al. 2014 1.008 0.991 1.026 0.900 0.368
Linhart et al. 2013 1.160 1.051 1.281 2.937 0.003 —
Akutsu et al. 2011 1.040 1.010 1.070 2.664 0.008
Bary et al. 2012 0.760 0.518 1.115 -1.402 0.161
1.032 1.012 1.052 3.200 0.001 ¢
0.5 1 2

Q=60.383 12=80.127

Favours smaller LAV/i Favours larger LAV/i

Forest plot showing that patients with larger LAVI/LAVi have a higher risk post-RFA AF recurrence

Figure 4 Forest plot showing the incidence of AF recurrence based on LA volume. Meta-analysis showed patients with a larger left atrial volume
had higher odds of AF recurrence following RFA.

study with a relatively smaller sample size excluded patients with
heart failure'® and one additional study excluded patients based on
LA size."” Analysis of the funnel plot showed no significant publication
bias (see Supplementary material online, Figure $4). Our meta-

analysis (Figure 4) showed that large LAV/LAVi was independently
associated with significantly increased odds of AF recurrence
(OR-1.032, CI-
regression showed that the imaging modality used for LAV/LAVi

1.012-1.052; P-0.001). A multivariate meta-
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measurement did not add to the heterogeneity between the studies.
Moreover age, gender, history of HTN or DM, follow up period, type
of monitoring to diagnose asymptomatic AF recurrence, and region
of study did not significantly influence individual study outcome or
add to the heterogeneity of the meta-analysis.

Discussion

AF recurrence at 5 years post-RFA can be as high as 70% after a single
ablation procedure. Thus, the need for predictors of AF recurrence
to plan patient management post-RFA, including duration of anti-
arrhythmic drug therapy, monitoring for asymptomatic recurrence,
and setting realistic patient expectations cannot be overstated. Our
meta-analysis showed that compared to patients without AF recur-
rence, patients with AF recurrence post-RFA had higher mean LAV/
LAVi and the measurements were independently associated with sig-
nificantly increased odds of AF recurrence. Notably, our meta-
analysis is the first to report the odds of AF recurrence post-RFA
based on LA size assessed by LAV/LAVi. Interestingly, our results sug-
gest that between patients with and without AF recurrence, the
mean difference in LAV (0.8 mL, CI 0.387-1.216) and LAVi (0.6 mL/
m?, C-0.305-0.888) is very small.

While it remains unclear if left atrial enlargement is a cause or a
consequence of AF, a large body of evidence indicates that a large LA
size contributes to the vicious cycle of atrial remodelling and AF. In
addition, structural remodelling, atrial hypertrophy, and stretch can
lead to alterations in ionic currents and electrical remodelling.
Cardiac endothelin-1 (ET-1) expression responds to wall stress, can
promote myocyte hypertrophy and interstitial fibrosis and correlates
with enlarged LA size."? Patchy atrial fibrosis can lead to areas of slow
conduction and altered repolarization dynamics that may form atrial
rotors,”° thereby moving the focus of initiation and sustenance of AF
from the pulmonary veins to the LA. PVl in such patients may be in-
sufficient and may predict higher rates of recurrence.

Enlarged LA size is an independent predictor of new onset AF.'
Relatively large studies evaluating LA diameter as a predictor of AF
recurrence post-RFA show mixed results.>>?3 However, LA antero-
posterior diameter is not considered a true reflection of LA size.
Recently, Abecasis et al.'®
recurrence post-RFA ablation, whereas the LA anterior—posterior

showed that LA volume was related to AF

diameter (LAD) was not. While a meta-analysis of observational
studies showed that patients with AF recurrence had a mean LAD
that was 1.84 mm more than patients without recurrence, it did not
provide a risk estimate.”

The weighted mean difference of 1.84 mm in the anteroposterior
diameter of the LA between patients with and without AF recur-
rence in the previous meta-analysis of studies reporting LA diameter,
translates approximately to 0.62 mL weighted mean difference in
LAV, assuming that the LA is roughly a cube. In reality, however, LAV
difference is probably higher, as the anteroposterior diameter is the
smallest and the most restricted. Our meta-analysis found a 0.8 mL
weighted mean difference in the LAV between the two groups thus
confirming the previous LA diameter meta-analysis. Moreover,
our meta-analysis is the first to report the odds of AF recurrence
post-RFA based on LA size showing that there is a 3% increase in the
odds of AF recurrence per unit increase in LAV/LAVi. Studies dividing

post-AF ablation patients into two groups based on LAV/LAVi quote
dimensions between 95 and 165 mL for LAV and 26 and 42.5 mL/
m? for LAVi as increasing the risk for AF recurrence. A recently
published study validated a scoring system, which included: his-
tory of DM & HTN, renal dysfunction, persistent form of AF, LA
diameter > 45 mm, age > 65 years, and female sex, in predicting a
LA substrate favourable for AF recurrence and actual AF recur-
rence post—RFA.24

Limitations

Our study is a meta-analysis of observational studies; therefore, it car-
ries inherent limitations of the study design. Adjusted HR/OR from
multivariate analysis in individual studies were included when avail-
able in our analysis mitigating the effect of confounding variables but
it does not completely remove it. The imaging modalities to assess
LAV and LAVi varied considerably in our studies but a meta-
regression using modality of imaging did not show any effect on the
outcome of AF recurrence. Additionally, the studies included differ-
ent proportions of paroxysmal, persistent, and long-standing persist-
ent atrial fibrillation patients (Tables 2 and 4). However, a meta-
regression using AF type failed to show any significant effect on the
outcome of AF recurrence (P-values-0.9182 for the LAV analysis,
0.4293 for the LAVi analysis and 0.7084 for the risk of AF recurrence
based on LAV/LAVi analysis)

Conclusions

Meta-analyses of observational studies show that while patients with
AF recurrence post-AF ablation have significantly higher LAV/LAVi
compared to patients without recurrence, the difference in LA di-
mensions and the risk of AF recurrence due to an increased LA size is
modest. Although there are limitations to determine a linear relation-
ship between LA volume and AF-recurrence using this meta-analysis,
a one-size-fits-all approach may not be optimal in the selection of pa-
tients for RFA. LA volume in our view is a risk assessment tool that
when combined with other prognosticators of AF recurrence, may
help refine patient selection for RFA. Furthermore, an increased LA
volume should raise suspicion and prompt search for other correct-
able comorbidities that have been shown to independently increase
AF recurrence post RFA. However, while awaiting further studies to
clarify if increased LA volume is an effect of AF or a risk modifier,
excluding patients for RFA based only on modest increase in LA vol-
ume may not be warranted. Large patient registries with post-AF ab-
lation patients and extensive outcomes data may shed further light
into the impact of LAV and LAVi on AF recurrence and other out-
comes following catheter ablation for AF.

Supplementary material

Supplementary material is available at Europace online.

Acknowledgement

The authors would like to acknowledge Alexandria Brackett for re-
viewing the manuscript.

Conflict of Interest: none declared.

Z20z1snbny |z uo 1senb Aq 928/ E/SE/1/0Z/31o1ue/e0edoIns/woo dno olwapede//:sdiy woll papeojumod


Deleted Text: five 
Deleted Text: -
Deleted Text: -
Deleted Text: remodeling
Deleted Text: .
Deleted Text: ,
Deleted Text: .
Deleted Text: .
Deleted Text: .
Deleted Text: .
Deleted Text:  
Deleted Text: the 
http://europace.oxfordjournals.org/lookup/suppl/doi:10.1093/europace/eux013/-/DC1

42 A. Njoku et al.

Refe rences 22. Patel D, Mohanty P, Di Biase L, Wang Y, Shaheen MH, Sanchez JE et al. The im-

1. Mozaffarian D, Benjamin EJ, Go AS, Arnett DK, Blaha M), Cushman M et al pact of statins and renin-angiotensin-aldosterone system blockers on pulmonary

=

Heart disease and stroke statistics—2015 update: a report from the American
Heart Association. Circulation 2015;131:e29-322.

vein antrum isolation outcomes in

2010;12:322-30.

post-menopausal females. Europace

2. Calkins H, Kuck KH, Cappato R, Brugada J, Camm AJ, Chen SA et al. 2012 HRS/ 23. Miyazaki S, Kuwahara T, Kobori A, Takahashi Y, Takei A, Sato A et al
EHRA/ECAS Expert Consensus Statement on Catheter and Surgical Ablation of Preprocedural predictors of atrial fibrillation recurrence following pulmonary
Atrial Fibrillation: recommendations for patient selection, procedural techniques, vein antrum isolation in patients with paroxysmal atrial fibrillation: long-term fol-
patient management and follow-up, definitions, endpoints, and research trial de- low-up results. J Cardiovasc Electrophysiol 2011,22:621-5.
sign. Europace 2012;14:528-606. 24. Kosiuk J, Dinov B, Kornej J, Acou W), Schénbauer R, Fiedler L et al. Prospective,

3. Anter E, Contreras-Valdes FM, Shvilkin A, Tschabrunn CM, Josephson ME. Acute multicenter validation of a clinical risk score for left atrial arrhythmogenic sub-

strate based on voltage analysiss DR-FLASH score. Heart Rhythm

pulmonary vein reconnection is a predictor of atrial fibrillation recurrence fol-
lowing pulmonary vein isolation. | Interv Cardiac Electrophysiol 2014;39:225-32.

. Jiang RH, Tung R, Liu Q, Sheng X, Zhang ZW, Sun YX et al. Incidence of pulmonary
vein conduction recovery in patients without clinical recurrence after ablation of par-
oxysmal atrial fibrillation: mechanistic implications. Heart Rhythm 2014;11:969-76.

25.

2015;12:2207-12.

Parikh SS, Jons C, McNitt S, Daubert JP, Schwarz KQ, Hall B. Predictive capability
of left atrial size measured by CT, TEE, and TTE for recurrence of atrial fibrilla-
tion following radiofrequency catheter ablation. Pacing Clin Electrophysiol
2010;33:532-40.

5. Zhuang J, Wang Y, Tang K, Li X, Peng W, Liang C et al. Association between left ) ; )
atrial size and atrial fibrillation recurrence after single circumferential pulmonary 26. Hof |, ;h'IUkur' K, Arbab-Zadeh AR, Scherr D, Dalal D" Nazarian S et al. Does
vein isolation: a systematic review and meta-analysis of observational studies. left atrial volume and pulmonary venous anatomy predict the outcome of cath-
Europace 2012;14:638-45. eter ablation of atrial fibrillation? | Cardiovasc Electrophysiol 2009;20:1005-10.

6. Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, Rennie D et al. Meta- 27. Shin SH, Park MY, Oh W], Hong 5, Pak HN, Song WH et al. Left atrial volume is
analysis of observational studies in epidemiology: a proposal for reporting. JAMA a predictor of atrial fibrillation recurrence after catheter ablation. | Am Soc
2000;283:200871 2. EChOCGrdiOgF 2008;212697—702‘

7. Harris RP, Helfand M, Woolf SH, Lohr KN, Mulrow CD, Teutsch SM et al. 28. Helms AS, West ), Patel A, Lipinski MJ, Mangrum JM, Mounsey JP et al. Relation
Current methods of the US Preventive Services Task Force: a review of the pro- of left atrial volume from three-dimensional computed tomography to atrial fib-
cess. Am | Prevent Med 2001:20:21-35. rillation recurrence following ablation. Am | Cardiol 2009;103:989-93.

8. Levine M, Walter S, Lee H, Haines T, Holbrook A, Moyer V et al. Users’ guides 29. Bergau L, Vollmann D, Luthje L, Sohns JM, Seegers ], Sohns C et al. Measurement
to the medical literature: IV. How to use an article about harm. JAMA of left atrial pressure is a good predictor of freedom from atrial fibrillation. Indian
1994;271:1615-9. Pacing Electrophysiol | 2014;14:181-93.

9. Volgman AS, Soble JS, Neumann A, Mukhtar KN, Iftikhar F, Vallesteros A et al. 30. Sohns C, Sohns JM, Vollmann D, Liithje L, Bergau L, Dorenkamp M et al. Left

Effect of left atrial size on recurrence of atrial fibrillation after electrical cardio-
version: atrial dimension versus volume. Am | Cardiac Imag 1996;10:261-5.
. Marchese P, Malavasi V, Rossi L, Nikolskaya N, Donne GD, Becirovic M et al.

J Thorac Dis 2015;7:142.
. Vaziri SM, Larson MG, Benjamin EJ, Levy D. Echocardiographic predictors of nonrheu-
matic atrial fibrillation. The Framingham Heart Study. Circulation 1994;89:724-30.

atrial volumetry from routine diagnostic work up prior to pulmonary vein abla-
tion is a good predictor of freedom from atrial fibrillation. Eur Heart | Cardiovasc
Imaging 2013;14:684-91.

Indexed left atrial volume is superior to left atrial diameter in predicting nonvalv- 31. Kim MN, Lee JJ, Kim SA, Kim YH, Choi JI, Park SM et al. The difference of pre-
ular atrial fibrillation recurrence after successful cardioversion: a prospective dictors for recurrence after catheter ablation of non-paroxysmal atrial fibrillation
study. Echocardiography 2012;29:276-84. according to follow-up period. Int Heart | 2014;55:312-8.

. Yoon JH, Moon J, Choi EY, Kim JY, Min PK, Yoon YW et al. Left atrial function as- 32. Linhart M, Lewalter T, Mittmann-Braun EL, Karbach NC, Andrié¢ RP,
sessed by Doppler echocardiography rather than left atrial volume predicts recur- Hammerstingl C et al. Left atrial pressure as predictor for recurrence of atrial
rence in patients with paroxysmal atrial fibrillation. Clin Cardiol 2013;36:235—40. fibrillation  after  pulmonary vein isolation. | Interv Card  Electrophysiol

. Amin V, Finkel J, Halpern E, Frisch DR. Impact of left atrial volume on outcomes 2013;38:107-14.
of pulmonary vein isolation in patients with non-paroxysmal (persistent) and par- 33. Nedios S, Kosiuk J, Koutalas E, Kornej J, Sommer P, Arya A et al. Comparison of
oxysmal atrial fibrillation. Am | Cardiol 2013;112:966-70. left atrial dimensions in CT and echocardiography as predictors of long-term

. Abecasis |, Dourado R, Ferreira A, Saraiva C, Cavaco D, Santos KR et al. Left success after catheter ablation of atrial fibrillation. | Interv Card Electrophysiol
atrial volume calculated by multi-detector computed tomography may predict 2015;43:237-44.
successful pulmonary vein isolation in catheter ablation of atrial fibrillation. 34. Montefusco A, Biasco L, Blandino A, Cristoforetti Y, Scaglione M, Caponi D et al.
Europace 2009;11:1289-94. Left atrial volume at MRI is the main determinant of outcome after pulmonary

. Kohari M, Zado E, Marchlinski FE, Callans DJ, Han Y. Left atrial volume best pre- vein isolation plus linear lesion ablation for paroxysmal-persistent atrial fibrilla-
dicts recurrence after catheter ablation in patients with persistent and longstand- tion. | Cardiovasc Med 2010;11:593-8.
ing persistent atrial fibrillation. Pacing Clin Electrophysiol 2014;37:422-9. 35. den Uijl DW, Delgado V, Bertini M, Tops LF, Trines SA, van de Veire NR et al.

. Maciel W, Andréa E, Aradjo N, Carvalho H, Belo LG, Siqueira L et al. Prognostic Impact of left atrial fibrosis and left atrial size on the outcome of catheter abla-
criteria of success and recurrence in circumferential ablation for the treatment tion for atrial fibrillation. Heart 2011;97:1847-51.
of atrial fibrillation. Arquivos brasileiros de cardiologia 2007;88:134. 36. von Bary C, Dornia C, Eissnert C, Nedios S, Roser M, Hamer OW et al.

. Hof IE, Velthuis BK, Chaldoupi SM, Wittkampf FH, van Driel V), van der Heijden Predictive value of left atrial volume measured by non-invasive cardiac imaging in
JF et al. Pulmonary vein antrum isolation leads to a significant decrease of left the treatment of paroxysmal atrial fibrillation. | Interv Card Electrophysiol
atrial size. Europace 2011;13:371-5. 2012;34:181-8.

. Yoshida K, Rabbani AB, Oral H, Bach D, Morady F, Chugh A. Left atrial volume 37. Costa FM, Ferreira AM, Oliveira S, Santos PG, Durazzo A, Carmo P et al. Left
and dominant frequency of atrial fibrillation in patients undergoing catheter abla- atrial volume is more important than the type of atrial fibrillation in predicting
tion of persistent atrial fibrillation. | Interv Cardiac Electrophysiol 2011;32:155-61. the long-term success of catheter ablation. Int | Cardiol 2015;184:56-61.

. Akutsu Y, Kaneko K, Kodama Y, Suyama |, Li HL, Hamazaki Y et al. Association 38. Kiliszek M, Miazek N, Peller M, Gajda S, Kozluk E, Lodzifski P et al. Influence of
between left and right atrial remodeling with atrial fibrillation recurrence after left atrial size on the outcome of pulmonary vein isolation in patients with atrial
pulmonary vein catheter ablation in patients with paroxysmal atrial fibrillation a fibrillation. Kardiol Pol 2013;72:1135-40.
pilot study. Circ Cardiovasc Imag 2011;4:524-31. 39. Nedios S, Tang M, Roser M, Solowjowa N, Gerds-Li JH, Fleck E et al.

. Mayyas F, Niebauer M, Zurick A, Barnard ], Gillinov AM, Chung MK et al. Characteristic changes of volume and three-dimensional structure of the left
Association of left atrial endothelin-1 with atrial rhythm, size, and fibrosis in pa- atrium in different forms of atrial fibrillation: predictive value after ablative treat-
tients with structural heart disease. Circ Arrhyth Electrophysiol 2010;3:369-79. ment. | Interv Card Electrophysiol 2011;32:87-94.

. Krummen DE, Swarup V, Narayan SM. The role of rotors in atrial fibrillation. 40. Park |, Joung B, Uhm ]S, Shim CY, Hwang C, Lee MH et al. High left atrial pres-

sures are associated with advanced electroanatomical remodeling of left atrium
and independent predictors for clinical recurrence of atrial fibrillation after cath-
eter ablation. Heart Rhythm 2014;11:953-60.

220z 1snBny |z uo 1sanb Aq 9ZzZ81/E/SE/1/0Z/10nie/e0edoins/woo dno-olwspeoe//:sdny Wwolj papeojumoq



	eux013-TF1
	eux013-TF2
	eux013-TF3
	eux013-TF4
	eux013-TF5
	eux013-TF6
	eux013-TF7
	eux013-TF8
	eux013-TF9

