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~—ABSTRACT ~
Background: Atrial fibrillation (AF) is facilitated by an enlarged left atrium (LA) and increased
LA mass. Left atrium volume (LAV) has a powerful prognostic value for sinus rhythm (SR) maintenance.
Persistent SR may lead to atrial reverse-remodeling; therefore, preprocedural LAV may predict the outcome
after AF radiofrequency catheter ablation (RFCA).

Study aim: To evaluate the relationship between LA dimensions and AF recurrences (AFR) using
echocardiography.

Methods: We enrolled 40 patients (56 + 10 years; 73% males) who underwent a first RFCA for
paroxysmal AF. Bi- (2DE) and three-dimensional (3DE) echocardiography was performed prior to RFCA
and at 12-months follow-up. Rhythm control was monitored for up to two years after the intervention by
periodic ECG Holter monitoring.

Results: Atrial fibrillation recurrences were recorded in 21 patients (52%) in the first year after RCFA.
The only predictor of outcome from pre-ablation LA parameters was 3DE minimum LAVi (p = 0.042), that
explained 21.4% of AF recurrences in the first year, with a cut-off value of 21.29 mL/m?. The mean 3DE
min LAVi was 24.29 + 8.01 mL/ m? and patients without AFR in the first year had a lower LAVi than those

Kwith AFR (20.92 + 6.19 mL/m? vs. 27.25 + 8.43 mL/m?, p=0.028). One year after RFCA, a decrease inj
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Kmedio—lateml, superior-inferior diameters and volumes were recorded in AF free patients. Eleven patients\
(27%) had AF recurrences after the first year and LAV 12-months after RECA were found to be predictors
of long-term outcome, with minimum LAVi as the strongest predictor of recurrences (p=0.014), explaining
36% of episodes, with a cut-off over 22.49 mL/m?.

Conclusion: Radiofrequency ablation controls LA remodeling in patients with clinical success in terms
of AF freedom. Left atrium 3DE volumetry is accurate in predicting RECA outcome.

Keywords: : atrial fibrillation, atrial fibrillation recurrences, left atrial dimensions,
left atrial volume.
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INTRODUCTION

eft atrium (LA) size assessed by echocar-

diography has a powerful prognostic

value in multiple cardiovascular disea-

ses, including atrial fibrillation (AF) (1).

The size of LA determines the risk of AF
recurrence in patients with intended rhythm
control.

Echocardiography is essential in evaluating
AF effect on LA size and volume, and helps iden-
tify patients at risk of AF recurrence after radio-
frequency catheter ablation (RFCA) (2). Struc-
tural remodeling of LA is asymmetric and the
anteroposterior size, usually evaluated in clinical
practice, can underestimate LA dimensions. Left
atrium volumes (LAV) are more accurate than
linear dimensions (3) and, when assessed by
three-dimensional echocardiography, the have
the advantage of eliminating geometrical as-
sumptions (4).

Echocardiographic predictors for AF recur-
rence (AFR) were evaluated in multiple studies;
depending on the characteristics of the enrolled
population, each parameter seems to have its
role. In most studies, anteroposterior diameter
and LA index volume as a marker of LA dilation
predicts an unfavorable outcome after
RFCA (5).Q

METHODS

tudy design

We enrolled 40 patients who underwent a
first RFCA for symptomatic drug-refractory par-
oxysmal AF in a low-volume ablation centre. We
excluded those with non-paroxysmal AF epi-
sodes, repeated ablative procedures, ischemic or
structural cardiomyopathies, significant valvular
diseases, uncontrolled risk factors for AFR (thy-
roid disease, sleep apnoea, and chronic alcohol
abuse). All patients signed an informed consent

and the study protocol was approved by the
Local Hospital Ethics Committee.

The ablation protocol was the same in all pa-
tients. Briefly, LA is accessed through two trans-
septal punctures (performed only with contrast
and pressure control), where two catheters are
placed: a circular duodecapolar catheter (Lasso
2151 Biosense Webster, Inc, Diamond Bar, Calif)
and an ablation unidirectional catheter (Thermo-
cool Smartouch Biosense Webster, Diamond
Bar, Calif). 3D electroanatomic mapping is per-
formed with CARTO (Biosense Webster, Inc) sys-
tem, and electrograms are filtered and displayed
on a commercially available electrophysiological
recording system (Cardiolab, GE, Houston, Tex).
The ablation lines are placed at the proximal pul-
monary vein antrum. Successful isolation is de-
fined by entrance and exit block.

Transthoracic echocardiography was per-
formed prior the procedure and repeated at
12-months follow-up. We used a GE Vivid 9 sys-
tem (GE Vingmed, Ultrasound, AS, Horten,
Norway). All patients were in sinus rhythm (SR)
at the time of acquisitions and an average of
three cardiac cycles were recorded. Left atrium
volumetric assessment was done in a 4- and
2-chamber dedicated optimized view, using
area-length method; all volumes were indexed
to body surface area. 3DE acquisition of LAV was
done in the 4-chamber view at end-expiratory
apnoea. Maximum (max) LAV was determined
at end-systole, just before mitral valve opening.
The LA minimum (min) volume was determined
at end-diastole, after mitral valve closure. Image
analysis was performed offline using GE Echo
PAC software version BT13. All images and mea-
surements were performed by a single operator
using a standard protocol, according to guide-
lines of the European Association of Cardiovas-
cular Imaging guidelines and recommendations
of the American Society of Echocardiography.
Three-dimensional volumetric evaluation was
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performed using the GE Echo PAC 4D LVQ soft-
ware, that is designed for the left ventricle but
can also be used for LA volumetry (6).

We considered AF recurrence any episode of
documented atrial tachyarrhythmia that lasted
more than 30 seconds. Periodic assessments
were done using 48-hour ECG monitoring and
outcome was recorded up to 24 months.

The study aim was to evaluate atrial remodel-
ing using bi- (2DE) and three-dimensional (3DE)
echocardiography, and to assess LA volumes as
independent predictors for AF recurrence (AFR).

Statistical analysis

Continuous variables are presented as mean = SD
(standard deviation) for uniform distribution and
comparisons of the central tendency of baseline
characteristics and endpoints used Student t-test,
while abnormally distributed continuous variables
are presented as mean (IQR) and non-parametric
tests (Mann-Whitney U rank-sum test) were used
for comparison. All p-values were two-sided and
a p-value <0.05 was considered statistically sig-
nificant. Variables with statistically significant in-
fluence over the outcome were processed with
univariate linear regression. We used the follo-
wing criteria to identify predictors for AFR: area
under the ROC curve (AUROC) >0.650,
Hosmer-Lemeshow goodness-of-fit test p >0.05
and p <0.1. The odds ratio (OR) was generated
for each independent predictor. Previously identi-
fied predictors have been computed with multi-
variate logistic regression. The best model predic-
ting recurrences was selected based on calibration
Akaike’s Information Criterion (AIC) and Bayesian
Information  Criterion  (BIC) as tests for
Goodness-of-Fit ~ with  lowest values and
Nagelkerke R? test. A threshold for AFR risk was
identified in the training cohort and the sensitivity
and specificity identified were reported. Valida-
tion of results was done with Hanley & McNeill
test with a p-value >0.05. We analyzed the data
using SPSS (Statistical Package for the Social Sci-
ences) version 26 software (IBM SPSS Statistics,
Armonk, NY, USA; IBM Corp.). d

RESULTS

e enrolled 40 patients (56 + 10 years;
73% males) who underwent a first RFCA
for paroxysmal AF. The mean duration of study
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monitoring was 2.1 = 0.67 years. Baseline cha-
racteristics of the study population are summa-
rized in Table 1.

Mean LVEF was 55.26 * 6.40%, and diastolic
dysfunction (7) was diagnosed in 25% (10/40) of
patients. In our study group, mean LA antero-
posterior (AP) diameter was 39.83 + 4.45 mm,
and 47.5% (19/40) of patients had a diameter
> 40 mm. The mean maximum left atrium vo-
lume indexed (LAVi) at baseline was
38.15 £ 8.78 ml/m?, with 72.5% (29/40) of pa-
tients having a dilated LAVi (> 34 mL/m?).

Atotal of 52% (21/40) patients had AFR in the
first 12 months, while 27% (11/40) of subjects
had AF recurrences after the first year. Prior to
the RFCA procedure, no significant differences
were observed regarding LA linear dimensions
between patients who would develop AFR in the
first years and those who would maintain SR, ex-
cept for 3DE min LAVi that was significantly lo-
wer in AF-free pts (p=0.028). Twelve months
after the intervention, patients who remained AF
free had lower LA diameters and volumes, as-
sessed by both 2DE and 3DE procedures, while
those with AF recurrences did not show reverse
remodeling of LA dimensions (Table 2).

Left atrial dimensions as predictors of
outcome

We evaluated 3D min LAVi’s prognostic role re-
garding ablation outcome, as its baseline value
was the only echocardiographic parameter signifi-
cantly different between the two groups divided
by AF recurrences in the first year after RFCA. We
determined that 3DE min LAVi was a predictor of
AF recurrences (p=0.042), explaining 21.4% of
episodes that appeared in the following 12 months
after a first RFCA for paroxysmal AF. The calcula-
ted cut-off value was 21.29 mL/m2, with a sensi-
bility of 68.8% and specificity of 64.4%
(AUROC=0.701, 95% Cl = 0.513-0.889;
p = 0.061). Patients with a min LAVi over the
threshold had a 12% higher risk of AF recurrence
in the first year after RFCA than those with a lower
min LAVi (OR = 1.128, 95% ClI = 1.004-1.268,
p = 0.042).

The equation of prediction was computed as
follows: Ln (OR for AFR) = - 2.741 + 0.121 x
[baseline 3DE min LAVil. We validated our result
on a 20-patient internal cohort (randomly cho-
sen, respecting the percentages of 52%:
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Characteristics Study population (n=40 pts)
Age at ablation time, years, mean +5D (95% CI) 56 + 10 (53.33-59.52)
Gender, n (%)
Male 29 (73%)
Female 11 (27%)
Time from AF diagnosis, years, mean + SD (95% CI) 3.45+2.34 (2.7-4.2)
Treatment, n (%)
Propafenone 16 (40%)
Amiodarone 13 (32.5%)
Flecainide 4 (10%)
Betablockers, n (%) 29 (72.5%)
Statin, n (%) 16 (40%)
ACEI n (%) 25 (62.5%)
Associated conditions, n (%)
Arterial hypertension 27 (67.5%)
Dyslipidemia 19 (47.5%)
Type 2 Diabetes Mellitus 7 {17.5%)

BMI (Kg/m2), mean + SD (95%Cl)

29.83 + 4.13 (28.51-31.15)

N-terminal fragment of pro BNP, pg/ml, median (IQR)

141.5 (147.5)

Creatinine clearance, ml/min/1.73m?, mean+SD (95%CI) 78.75 + 19.78 (72.42-85.07)
Procedure characteristics

Complete pulmonary vein isolation, n (%) 32 (80%)

Atrial substrate ablation, n (%) 5(12.5%)

Cavo-tricuspid ablation, n (%) 3 (7.5%)

Echocardiographic parameters - 2D *

LVEF, %

LV mass, g/fm2

LA anteroposterior diameter, mm
LA mediolateral diameter, mm
LA anterosuperior diameter, mm
LA max volume, ml/m2

LA min volume, mlfm2

RA diameter, mm

RA volume, ml/m2

55.26 + 6.40 (53.21 - 57.31)
87.20 + 13.25 (82.96 — 91.44)
39.83 + 4.45 (38.40 - 41.25)
4310 + 427 (41.73 - 44.47)
54.65 + 6.21 (52.66 — 56.64)
38.15 + 8.78 (35.32 - 40.95)
20.39 + 8.22 (17.76 - 23.02)
37.33 +5.19 (35.66 - 38.99)
24.19 + 7.53 (21.78 - 26.60)

Echocardiographic parameters — 3D *

LA max volume, ml/m2, mean + SD (95%CI)
LA min volume, ml/m2, mean + SD (95%CI)

42.32 + 8.96 (38.97-45.67)
24.29 + 8.01 (21.30-27.28)

ACEI - angiotensin-aldosterone-inhibitors, BMI =body mass index, BNP=brain natriuretic peptide,
LVEF = left ventricular ejection fraction, LV = left ventricle, LA = left atrium, RA = right atrium,
3DE=three-dimensional echocardiography, 2DE=bidimensional echocardiography TABLE 1. Patient

*data is reported as mean +SD (95%CI)

characteristics (n = 40)

~

ROC Curve
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Predictlon of AFR in the first 12 months
—fram RFCA by LAV min 3D Baseline in
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08 Prediction of AFR in the first 12 months
— from RFCA by LAVI min 3D Baseline in

Validation Cohort 20 patients:
~— Reference Line
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5
& = FIGURE 1. Baseline.: LAVi over
B 21.29 mL/m? as predictor of AFR
- in the first year and internal
LAVI min 3D as the predictor variable of validation. Training cohort versus
02 AFRinthe first 12 months after RFCA

validation cohort, Hanley&McNeil
p =0.58. LAVi = left atrial index
volume, 3D = three-dimensional

(1]
\ " 12 b ' " " j echocardiography, AFR = atrial
1 - Specificity .y . .
fibrillation recurrences

Training Cohort
AUROC 0.701 [0.5613-0.889]
Validation Cohort
AUROC 0.766 [0.539-0993]
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Characteristics Pre-ablation echocardiography 12 months follow-up echocardiography
No AFR AFR P- No AFR AFR P-value
0-12m 0-12m value  12-24 months  12-24 months
AFR pts, nf40 19/40 21/40 29/40 11/40
Bi-dimensional echocardiography
LA AP diameter, 39.74+4.05 39.90+4.88 0.907 37.19+4.42 39.70£4.19 0.36!
mm (37.78-41.69)  (37.68-42.12) (35.41-38.98)  (36.70-42.70)
LA mediolateral 42.26+4.04 43.86+4.43 0.244 40.73+4.51 46.50+4.5 0.002
diameter, mm (4032-4421)  (41.84-45.87) (38.91-42.55)  (43.28-49.72)
LA superior- 54.53 + 6.60 5476 +6 0.907 52.8145.08 58+5.71 0.012
inferior diameter,  (5134-57.71)  (52.03-57.49) (50.75-54.86)  (53.91-62.09)
mm
LAVi max, ml/m? 36.56+8.18 39.58+9.26 0.441 33.62+7.30 42.89+9.82 0.002!
(32.62-4050)  (35.37-43.80) (30.67 - 36.57)  (35.86—49.91)
LAVi min, ml/m? 18.64 +6.30 21.97 £9.52 0.323'  16.68+4.84 22.67+8.59 0.022!
(15.61-21.68)  (19.64-26.30) (14.72-18.64)  (16.53-28.82)
Three-dimensional echocardiography
LAVi max, ml/m? 40.00 +8.81 44.35 +8.87 0.189  35.87+6.44 43.21+3.30 0.005
(34.91-45.08)  (39.63-49.08) (33.08-38.66) (40.45-45.97)
LAVi min, ml/m? 20.92 +6.19 27.25 +8.43 0.028 18.71+5.08 25.12+44.37 0.004
(17.34-2449)  (22.76-31.74) (16.52-20.91) (21.46-28.78)
AFR=atrial fibrillation recurrences, LA=left atrium, AP= anteroposterior, LAVi= left atrium indexed volume TABLE 2.
* data is reported as mean+5D (95%Cl) and comparison was done with T-student test Echocardio-
! Mann-Whitney Test was used for comparison, as variables had nonparametric distributions graphic
characteristics

nine AF-free patients and 11 with AF recurrences:
AUROC = 0.766, 95% ClI = 0.539-0.993,
p = 0.063) (Figure 1).

We compared 3DE LAVi values from the
12-month assessment and determined that is the
strongest predictor of outcome (p=0.014), ex-

plaining 36% of latter AFR. We calculated the
Patients with 3DE min LAVi over the cut-off
value >22.49 mL/m2 (AUROC = 0.842,
95% Cl = 0.688-0.996, p = 0.004, 87.5% sen-
sibility and 82.6% specificity), had a 29% higher
risk of AFR after the first year (OR = 1.297,

ROC Curve
10
= RFCA by LAV min 3D at 12-th menth in
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AUROC 0817 [0.604 - 1]
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[T 02 04 [ (¥ 10

1 - Specificity

Prediction of AFR over the first 12 months from

of AFR ever the first 12 months from
n

~

FIGURE 2. 12-month min LAVi
over 22.49 mL/m? as predictor of
AFR after the first year. Training
cohort versus validation cohort,
Hanley&McNeil p=0.79.

LAVi = left atrial index volume,

3D = three-dimensional
echocardiography,

AFR = atrial fibrillation recurrences
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95% Cl = 1.054-1.597, p = 0.014). The predic-
tion equation is the following: Ln (OR for AFR
>12 months) = - 6.742 + 0.26 x [3DE min
LAVi]. We validated the result on a randomly as-
signed subgroup from our study population
(AUROC =0.817,95%Cl = 0.604-1; p = 0.045),

with a good superposition of the two ROC curves
(Figure 2).

3DE min LAVi shows a significant reverse re-
modeling after RFCA, with a decrease in mean
volume by 5.24 mL/m2 (p = 0.02) 12-months
after RFCA. Reverse remodeling is significant in
AF-free patients (p = 0.047), but not in patients

Predictor for

Predictor for AFR > 12 months

AFR 0-12 from 12-months follow-up echocardiography

from baseline
Univariate Analysis  3DEMin LAVi 3DEMinLAVi  2DEMin LAVi 3DE Max 2DE MaxLAVi

LAVi
Coefficient 0.121 0.26 0.151 0.232 0.137
Coefficient-Standard ~ 0.059 0.106 0.072 0.098 0.061
Error
Coefficient- 0.042 0.014 0.036 0.018 0.025
Significance
Intercept -2.741 -6.742 -3.839 -10.238 - 6.042
Intercept-Standard 1.435 2.467 1.447 4.021 2.317
Error
Intercept-Significance  0.056 0.006 0.008 0.011 0.009
Omnibus  Tests p- 0.022 0.003 0.014 0.003 0.005
value
AUROC 0.701 0.842 0.750 0.875 0.838
Nagelkerke Pseudo-R?  0.214 0.36 0.222 0.357 0.286
Hosmer Lemeshow 0.371 0.608 0.852 0.853 0.501
p-value
AIC 40213 30.683 40.531 30.781 38.577
BIC 43.016 33.550 43.698 33.649 41.744
AFR=atrial fibrillation recurrences, 3DE= three-dimensional echocardiography, 2DE=bidimensional
echocardiography, LAVi=left atrial index volume TABLE 3.
AUROC=area under the operation curve, AIC= Akaike’s Information Criterion, BIC=Bayesian Information Independent
Giiterbon predictors of
AFR
Characteristic Odds Ratio  95% CI 95% CI p
lower value  higher value
Bidimensional echocardiography
Minimum LAVi > 18,24 ml/m? 1.163 1.010 1.340 0.036
Maximum LAVi > 34.91 ml/m? 1.146 1.017 1.292 0.025 TABLE 4.
Three-dimensional echocardiography Quantifica-
tion of
Minimum LAVi > 22.49 ml/m? 1297 1.054 1.597 0.014 importance
Maximum LAVi > 38.79 ml/m? 1.261 1.041 1.527 0.018 (OR) for
12-month

LAVi = left atrial indexed volume

LA volumes
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with AFR (p=0.327). Patients who will no longer
develop AFR after the first year also show a sig-
nificant reverse remodeling of min 3DE LAVi
(p=0.034) compared to pre-ablation values.
We have also found significant differences
between patients who would remain AF-free
and those who would have AFR after the first
year: medio-lateral and superior-inferior LA di-
ameters, LA min and max volumes assessed by
2DE and 3DE; while all LAVi were found to be
independent predictors of AFR 2DE min LAVi
(p=0.036), 3DE max LAVi (p=0.025) and 3DE
max LAVi (p=0.018) (Table 3 and Table 4). 4

DISCUSSION

he main findings of our study are as follows:

LA anteroposterior (AP) diameter is not a
prognostic marker for AF recurrences after RFCA,
while LA remodeling evaluated by volumetric as-
sessment adds important prognostic information.

Left atrium AP diameter as marker of LA dila-
tion was intensely studied in relation to AFR risk
after ablation. An increased diameter was asso-
ciated with a higher risk of AFR (8). We did not
find any differences in LA AP diameter with re-
spect to AF recurrence at 12-month echocardio-
graphic LA evaluation: superior-inferior, medio-
lateral LA diameters and LA volumes were
significantly lower in patients with no AFR.

Left atrial volume reflects LA remodeling bet-
ter than linear diameters and is more precise in
assessing LA enlargement, a risk factor of AFR
after ablation (9). Badano et al show that, by
using only LA diameters and area measurements,
more than 50% of patients may be misclassified
regarding the degree of LA dilation, while
3D LAVi is more accurate than 2DE LAVi (10).
The literature threshold of 2D LAVi over
34 mL/m? has a sensitivity of 70% and specificity
of 91% to predict AF recurrences (11), while
there is no cut-offs generally accepted for 3DE.
Volumes assessed by 3D are larger compared
with 2D, normality ranges for 3DE versus 2DE:
max LAVi 43 vs 35 ml/m?> and min
LAVi 18 vs 14 mL/m? (12).

With respect to the above discussed refe-
rence values, prior to intervention mean LAVi
was higher in both study groups (arrhythmia-free
and AFR groups). At 12-month follow-up, ar-
rhythmia-free patients will demonstrate a signifi-
cant decrease in LAV compared to those with

AFR. Conventional 2DE found no differences
between groups, while 3DE enabled us to notice
that min LAVi was lower in patients without AFR
and also qualified for being a predictor of first
year outcome after RFCA.

Most studies evaluated max LAVi as predictor
of outcome after RF ablation. To our knowledge,
limited data is available regarding LA min vo-
lume and its prognostic role in patients with AF.
According to Fatema et al (13), min LA volume is
associated with a first AF episode, while Schaaf
et al proved (14) it to be the best predictor of
paroxysmal AF. Motoc et al have also found that
a 3DE min LAVi over 23.69 mL/m? was a predic-
tor of AFR after paroxysmal AF ablation (15). We
determined a cut-off over 21.29 mL/m? to pre-
dict first year AFR and explain our lower thresh-
old as we did not exclude patients with AFR only
in the blanking period.

Study limitations

This is a single center study with a small number
of patients from a low-volume RFCA; therefore,
larger clinical studies are warranted to confirm
our findings. 3DE LAV was assessed with a
non-dedicated software package and could not
be compared to the gold standard method for
chamber quantification: cardiac magnetic reso-
nance. Nevertheless, the same software was
used in other clinical trials and we enrolled a ho-
mogenous population, without any baseline clin-
ical or biological parameters that may have influ-
enced prognosis. Internal validation of our results
showed a good superposition of the ROC curves.

Future perspectives

3DE can provide more accurate LA measure-
ments and prognostic information about the out-
come after AF ablation interventions. Routine
measurement of minimum LAVi can impact cli-
nical practice not only by selecting patients with
a better chance to be “cured” by RFCA, but also
by monitoring those who are at higher risk for
AF recurrences. U

CONCLUSIONS

trial remodeling is more accurately assessed
using volumetric measurement by 3DE. 3DE
min LAVi was the only independent predictor of
outcome in the first year after RFCA, suggesting

Mhaedica | AJournal of Clinical Medicing, Volume 16, No. 3, 2021
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that subtle structural remodeling had an impor-
tant role in triggering AF episodes. LA remode-
ling assessed by 3DE shows that minimum LAVi
evaluated at 12 months after the intervention
was the best predictor of long-term AF recu-
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