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ABSTRACT

Background: Transesophageal echocardiography (TEE) allows detailed characterization of atrial fibril-
lation (AF) substrate and could be valuable for predicting pulmonary vein isolation (PVI) procedure
outcomes.

Aims: We aimed at assessing the value of TEE-derived left atrial (LA) and LA appendage (LAA) features
as prognostic markers for AF recurrence after cryoballoon-based ablation.

Methods: Patients were enrolled using a prospective database of consecutive PVl procedures performed
over a 7-year period. The following TEE-derived parameters were investigated: LAA emptying flow ve-
locity (LAA-FV), the presence of patent foramen ovale (PFO), LA spontaneous echo contrast, and mitral
regurgitation. Diagnosis of AF recurrence was based on scheduled and symptoms triggered ECG moni-
toring. The Cox’s regression model and Kaplan-Meier survival curves were applied for statistical analysis.

Results: A total of 417 consecutive patients who underwent their first PVI using cryoballoon were
analyzed (mean age: 59 years). AF recurrence was noted in 25.7% of patients (median follow-up of
24 months). Four TEE-derived variables had predictive values for AF recurrence: LAA-FV <45 cm/s, pres-
ence of PFO at resting state, LA spontaneous echo contrast, and mitral regurgitation. In the multivariable
model, apart from the transthoracic echocardiography-derived LA size, two TEE-derived features (LAA-FV
<45 cm/s and the presence of PFO) remained as independent predictors.

Conclusions: This study proposed a novel TEE-derived AF recurrence risk factor — the presence of PFO
— and confirmed the prognostic value of LAA flow velocity in patients undergoing cryoballoon-based
AF ablation. These risk factors could be useful in the global assessment of AF recurrence risk and po-
tentially helpful in planning the ablation strategy.

Key words: atrial fibrillation recurrence, cryoballoon ablation, patent foramen ovale, left atrial append-
age flow velocity
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INTRODUCTION

Atrial fibrillation (AF) ablation is the most commonly per-
formed interventional procedure for arrhythmia treatment.
Despite significant progress and the development of mul-
tiple AF ablation techniques, the long-term AF recurrence
rate remains high.The assessment of the risk factors for AF
recurrence is important for both patient selection/coun-
seling and understanding the reasons behind the failure
of this treatment modality.

The most recognized and validated risk factors for AF re-
currence include the type of AF (paroxysmal vs persistent),
left atrium (LA) enlargement, impaired systolic function
of the left ventricle, and comorbidities such as obesity,
hypertension, diabetes mellitus, or obstructive sleep
apnea [1-3]. Transesophageal echocardiography (TEE)
can potentially provide a more accurate risk assessment
as it allows the characterization of the AF substrate, i.e.,
the aspects of morphology and function of the LA and LA
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WHAT'S NEW?

This is the first study that reported the prognostic value of patent foramen ovale for predicting atrial fibrillation recurrence after
ablation. The presence of patent foramen ovale doubles the risk of unfavorable long-term results of pulmonary vein isolation
with cryoballoon ablation. In the largest study to date, we also showed the relationship between the left atrial appendage
flow velocity and atrial fibrillation recurrence in patients after cryoballoon ablation procedure. Consequently, this study cor-
roborated the data that indicated that left atrial appendage flow velocity is an independent and important predictor of atrial

fibrillation recurrence.

appendage (LAA), which are unobtainable in the transtho-
racic echocardiography (TTE). Several studies have shown
that features obtained from the TEE have independent
prognostic values [4-11].

In this study, we aimed to investigate the value of
TEE-derived parameters, concentrating on LA and LAA size
and function as prognostic markers of long-term outcomes
after a cryoballoon-based pulmonary vein isolation (PVI)
procedure.

METHODS

Study population

This retrospective analysis was based on our prospec-
tively maintained registry of all consecutive AF ablation
procedures performed in patients with symptomatic
AF over a 10-year period (June 2009-September 2019).
We screened 617 patients; subjects with persistent AF
(n =122), paroxysmal AF with arrhythmia episode during
TEE examination (7), incomplete data (n = 20), ablation
performed with radiofrequency current technique (n = 8)
or with cryoballoon type 1 (n = 26), or re-do procedures
(n = 17) were excluded. Consequently, the studied group
included 417 patients with paroxysmal AF who underwent
their first PVI ablation procedure using cryoballoon type

2 (Arctic Front Advance, Medtronic Inc., Minneapolis, MN,
USA). The study flowchart was presented in Figure 1. The
study was approved by the institutional ethical committee.

Echocardiographic examination

Each patient underwent a TTE study to obtain the stand-
ard dimensions and parameters. In the next step, a TEE
examination was performed using a Vivid 9 (GE Healthcare,
Horten, Norway) device with a 4D TEE probe on the day
the AF ablation was scheduled to assess LA and LAA. To
exclude any thrombus, LAA was visualized in the mid-es-
ophageal aortic valve short-axis view (30°-60°). Then, the
probe was flexed anteriorly and rotated from an angle
of 0° to 180°; placing the pulsed-wave sample volume in
the proximal one-third segment of the LAA, and the flow
velocities were recorded. The mean value of the LAA late
diastolic emptying flow velocity from three consecutive
cardiac cycles during regular sinus rhythm was recorded for
further analysis. TEE was also used for the detection of LA
spontaneous echo contrast. Possible leakage through inter-
atrial septum was tested with Doppler echocardiography,
both at rest and after the injection of intravenous contrast
(9 ml of 5% dextrose solution shaken with 1 ml of ambient
air) and Valsalva maneuver. Figure 2 presents examples of
investigated features in TEE examination.

AF episode during B

617 pulmonary vein isolation procedures
(performed between June 2009 and September 2019)

TEE=7

Persistent AF =122

Cryoballoon type 1 =26

Incomplete data = 20

Re-do procedures =17 n

Final group =417 patients

RF ablation = 8

Figure 1. Study flow-chart illustrating reasons for exclusion from the study.

Abbreviations: AF, atrial fibrillation; RF, radiofrequency ablation; TEE, transesophageal echocardiography
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Figure 2. Transesophageal echocardiography. A. Left atrial appendage flow velocity measurement. B. Visualization of blood flow through the
patent foramen ovale. C, D. Left atrial spontaneous echo contrast

Ablation procedure

All PVI procedures were performed under conscious se-
dation using a 28 mm cryoballoon. No prior pulmonary
vein anatomy assessment was performed; if considered
necessary, pulmonary vein anatomy was assessed with con-
trast/angiography during the procedure. A His bundle cath-
eterand coronary sinus catheter were used to facilitate the
transseptal puncture and also for phrenic nerve pacing and
electrophysiological assessment of PV isolation. Transseptal
puncture was used as an access method to the left atrium
in allincluded patients, including patients with patent fora-
men ovale (PFO). No attempts to cross PFO with guidewire
or ablation catheter were made. Such strategy was based
on the considerations that PFO is situated more superior
and anterior in comparison to the ideal access site made
with the use of transseptal puncture. As a result, the trans-
PFO access may limit the access to pulmonary veins and
hinder the successful creation of permanent lesions around
PVs'ostia. Our approach/strategy of cryoballoon-based PVI
was described in detail elsewhere [12, 13] and generally
followed the expert consensus recommendations [14]. The
procedural endpoint was the electrical isolation of all PVs.

Follow-up and the study endpoint
The analyzed endpoint of this study was freedom from
AF recurrence. AF recurrence was defined as the first

episode of AF lasting >30 seconds diagnosed after the
blanking period of 3 months. Atrial fibrillation had to be
documented by ECG, Holter monitoring, or intracardiac
electrogram from the implanted device. Holter monitoring
(24-72 hours long) was scheduled after 3 and 6-9 months
post-ablation and then advised once a year. Moreover, all
patients were advised to obtain an ECG each time they
experienced palpitations. Data regarding the primary end-
point were obtained prospectively during the scheduled
follow-up visits. However, additionally, all patients received
a telephone call at the time of conducting this study to
ensure the accuracy of the database concerning the study
endpoint. Antiarrhythmic drugs were discontinued either
immediately post-ablation or at the latest after the 3-month
blanking period.

Statistical analysis

Continuous variables are presented as means and standard
deviations or medians with interquartile range (IQR) while
categorical variables are presented as numbers and per-
centages. In order to confirm the normal distribution, the
Shapiro-Wilk test was used. Comparisons between groups
were performed using Student’s t-test for independent
variables (continuous variables) and the chi-square test
(proportions). Freedom from AF (time to first AF re-occur-
rence) after the ablation was assessed with the use of the
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Table 1. Baseline characteristics of the study population (n =417)

Parameters Whole group
(n=417)
Age, year, mean (SD) 59(11)
Male gender, n (%) 253 (60.7)
BMI, kg/m?, median (IQR) 28.8(25.9-31.5)
AF history, months, median (IQR) 48 (24-72)

Use of AA drugs >2, n (%)
Current/past smoker, n (%)

41(11.3)
124(29.7) / 25 (6.0)

CHA,DS,-VASc score?, median (IQR) 2(1-3)

Comorbidities
Hypertension, n (%) 277 (66.4)
Diabetes mellitus, n (%) 55(13.2)
Chronic coronary syndrome, n (%) 34(8.2)
Heart failure, n (%) 13(3.1)
Structural heart disease?, n (%) 30(7.2)
Stroke/TIA, n (%) 19 (4.6)
eGFR <60 I/min/1.73 m?, n (%) 49(11.8)

No AF recurrence AF recurrence P-value
(n=310) (n=107)

58(11) 61(9) 0.03
194 (62.6) 59 (55.4) 0.49
28.4 (25.7-31.5) 29.5(27-32) 0.03
36 (24-77) 60 (24-72) 0.28
30(9.7) 17 (15.9) 0.08
90 (29.0) / 20 (6.5) 34(31.8)/5(4.7) 0.72
2(1-3) 2(1-3) 0.01
198 (63.9) 79(73.8) 0.06
35(11.3) 20(18.7) 0.051
26 (8.4) 8(7.5) 0.77
8(2.6) 5(4.7) 0.28
21(6.8) 9(8.4) 0.57
11(3.6) 8(7.48) 0.09
35(11.3) 14(13.1) 0.62

2Defined as cardiomyopathy or artificial valve or severe valvular disease or left ventricular ejection fraction <50.

Abbreviations: AA, antiarrhythmic; AF, atrial fibrillation; BMI, body mass index; eGFR, estimated glomerular filtration rate; SD, standard deviation; TIA, transient ischemic attack

Table 2. Echocardiographic characteristics of the study population

Parameters Whole group No AF recurrence
(n=417) (n=310)
TTE

LA dimension, PLAX, mm, median (IQR) 42 (38-45)
LV ejection fraction, median (IQR) 60 (60-65)
LVEDD, mm, median (IQR) 49 (46-53)
TEE
LAA-FV, cm/s, median (IQR) 57 (47-70)
LAA-FV <45 cm/s, n (%) 89(21.3)
LA spontaneous contrast, n (%) 55(13.2)
Patent FO (at rest), n (%) 34(8.2)
Patent FO (Valsalva)?, n (%) 19 (4.6)
Mitral regurgitation
Absent or trace, n (%) 205 (49.2)
Mild, n (%) 160 (38.4)
Medium, n (%) 51(12.2)
Severe, n (%) 1(0.2)

AF recurrence

(n=107)
41(38-44) 43 (40-47) <0.001

60 (60-65) 60 (55-65) 0.11
49 (45-53) 50 (46-55) 035
59 (49-72) 53 (42-67) 0.02
59(19.0) 30(28.0) 0.04
34(11.0) 21(19.6) 0.02
20(6.5) 14 (13.1) 0.03
16 (5.2) 3(2.8) 0.31
0.23

161(51.9) 44 (41.1)

115 (37.1) 45 (42.1)

33(10.7) 18(16.8)

1(0.3) 0

Transition of contrast micro-bubbles through foramen ovale during Valsalva maneuver.

Abbreviations: AF, atrial fibrillation; FO, foramen ovale; LA, left atrial; LAA-FV, left atrium appendage late diastolic emptying flow velocity; LV, left ventricle; LVEDD, left ventri-
cular end-diastolic diameter; PLAX, parasternal long-axis view; TEE, transesophageal echocardiography; TTE, transthoracic echocardiography

Kaplan-Meier curve. Survival distribution between groups
was compared using the log-rank test. The cut-off point
of LAA flow velocity value was calculated based on ROC
curve using post hoc data. Univariable and multivariable
survival analyses were performed to describe the effect of
predictors of AF-free survival. All variables believed to be
clinically important were pre-specified and entered into
the multivariable Cox regression model. Subsequently, the
Wald statistic values were used for stepwise elimination of
insignificant variables. The results of Cox models were pre-
sented as hazard ratios (HRs) along with tests of significance
and 95% confidence intervals (Cl). There were no significant
violations of the proportionality assumption that underlies
the Cox proportional hazard method. Statistical analysis
was performed in Statistica Software version 13.1 (TIBCO

Software Inc. Palo Alto, CA, USA). A P <0.05 was considered
statistically significant.

RESULTS

Patient characteristic and follow-up
The studied group consisted of 417 patients aged 59 [11]
years (mean [SD]), most of them with at least one comor-
bidity (71.7%) and unsuccessful treatment with at least
one (38.9%), two (27.1%), or more (11.4%) antiarrhythmic
drugs. Detailed baseline clinical and echocardiographic
characteristics of this group are presented in Table 1 and
Table 2, respectively.

The 7-year observation period resulted in a median
follow-up time of 24 months (IQR, 15.5-45.6) —11 056 pa-
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Table 3. Predictors of atrial fibrillation recurrence in univariable and multivariable survival analysis

Predictor Univariable analysis Multivariable analysis
HR (95% CI) HR (95% CI)
Male sex 0.77(0.52;1.12) 0.17 —
BMI per 1 kg/m? 1.05(1.01; 1.09) 0.03 —
Age per 10 years 1.31(1.08; 1.6) 0.006 —
Hypertension 1.58 (1.02; 2.43) 0.04 —
Diabetes mellitus 1.75(1.08; 2.85) 0.02 —
Stroke/TIA in history 1.84 (0.89; 3.77) 0.1 —
Chronic coronary syndrome 0.95 (0.46; 1.95) 0.89 —
Structural heart disease 1.38(0.7;2.74) 0.35 —
Heart Failure NYHA class > 1.84(0.75; 4.52) 0.18 —
Current smoker 1.12(0.74; 1.68) 0.6 —
eGFR <60 I/min/1.73 m? 1.24(0.71;2.17) 0.46 —
LA dimension >40 mm 1.97 (1.29;3.01) 0.002 1.88(1.23;2.87) 0.004
LV ejection fraction per 10% 0.8 (0.63; 1.02) 0.07 —
LVEDD per 10 mm 1.19(0.84; 1.69) 0.32 —
LA spontaneous contrast 1.69 (1.05; 2.73) 0.03 —
LAA-FV <45 cm/s 1.73(1.14; 2.65) 0.01 1.63 (1.06; 2.49) 0.02
Patent FO (at rest) 1.88(1.07;3.31) 0.03 —
Patent FO (Valsalva) 2.02 (0.64; 6.36) 0.23 1.79(1.02; 3.15) 0.04
Any mitral regurgitation 1.55(1.05; 2.28) 0.03 —

“Transition of contrast micro-bubbles through foramen ovale during Valsalva maneuver.

Abbreviations: BMI, body mass index; Cl, confidence interval; eGFR, estimated glomerular filtration rate; FO, foramen ovale; HR, hazard ratio; LA, left atrial; LAA-FV, left atrium ap-
pendage late diastolic emptying flow velocity; LV, left ventricular; LVEDD, left ventricle end-diastolic diameter; NYHA, New York Heart Association; TIA, transient ischemic attack

tient-months in total. On average, there were 84 hours of
Holter ECG monitoring per patient during the observational
period. Additionally, 36 patients had data available from the
implanted device capable of AF detection (22 implantable
loop recorders and 14 pacemakers). AF recurrence after
the blanking period was observed in 107 (25.7%) patients
with a median of 225 days (IQR, 115-550) without AF
post ablation.

Clinical and echocardiographic predictors of AF
recurrence
We investigated several clinical and echocardiographic
features as potential pre-procedural predictors of AF recur-
rence. Five non-TEE variables in univariable Cox’s regression
model showed predictive value: the presence of hyperten-
sion and diabetes mellitus, BMI, age, and LA enlargement
more than 40 mm — which was the strongest predictor
(Table 3). Four TEE-derived variables were predictive of AF
recurrence: LAA flow velocity <45 cm/s, the presence of
PFO at resting state, LA spontaneous echo contrast, and
mitral regurgitation of any degree (Table 3).
Kaplan-Meier AF-free survival curves concerning
the pre-procedural predictors from TEE are presented in
Figure 3. These factors predicted a 16% to 20% absolute
difference in the study endpoint at the end of the 4" year.
Multivariable survival analysis that included all variables
from the univariable analysis showed that two of the
TEE-derived variables (LAA flow velocity <45 cm/s and
presence of PFO) were independent predictors (Table 3),
with a P of <0.007for the whole model. The cut-off point
of LAA flow velocity value was determined by the ROC-
curve analysis.

760 www.journals.viamedica.

Additionally, the relation of LAA flow velocity to other
TEE-derived parameters was assessed by between-group
comparison (Table 4); the presence of LA spontaneous echo
contrast and mitral regurgitation was strongly related to
the LAA flow velocity value.

DISCUSSION

The major finding of our study is that LAA flow velocity
and the presence of PFO were independent predictors
of AF recurrence in a sizable and homogeneous cohort
of patients with paroxysmal AF who underwent cryobal-
loon-based PVI. To the best of our knowledge, this is the
first study that reported the relation between PFO and the
risk of AF recurrence and the largest study to date showing
the relation between LAA flow velocity and arrhythmia
recurrence in patients after cryoballoon ablation.

Patent foramen ovale

We found that PFO is an independent risk factor of AF
recurrence with a prognostic impact similar to LA size (HR
of 1.79 vs 1.88, respectively). The relation between PFO and
AF recurrence post ablation is a novel finding and is still
not fully understood. However, it is tempting to speculate
that there is a causative relationship.

One study found that patients with PFO have “atrial
latent vulnerability” to develop tachyarrhythmias due to
shorter refractoriness and more frequent arrhythmia induc-
ibility during electrophysiological testing [15]. Moreover,
we hypothesize that PFO may also act as an AF trigger
— mechanically inducing premature atrial depolarizations.

The increased prevalence of PFO among patients with
a migraine headache is well-documented [16]. One of the

pl/kardiologia_polska
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Figure 3. The Kaplan-Meier atrial fibrillation-free survival curves after AF ablation with regard to the pre-procedural transesophageal
echocardiography-derived predictors. A. Impact of mitral regurgitation (MR). B. Impact of patent foramen ovale (PFO). C. Impact of left trial
appendage flow velocity (LAA-FV). D. Impact of left atrium spontaneous echo contrast (LASEC)

Table 4. Comparison between patients with left atrial flow velocity <45 cm/s and =45 cm/s

LAA-FV <45 cm/s LAA-FV 245 cm/s
(n=89) (n=328)

LA spontaneous echo contrast 37 (41.6)
Patent FO (at rest) 8(9.0
Patent FO (Valsalva)® 3(34)
Any mitral regurgitation 59 (66.3)

18 (5.5) <0.001

26(7.9) 0.75

16 (4.9) 0.77
156 (47.6) 0.002

Data are presented as number (percentage) of patients.

“Transition of contrast micro-bubbles through foramen ovale during Valsalva maneuver.

Abbreviations: FO, foramen ovale; LA, left atrial; LAA-FV, left atrium appendage late diastolic emptying flow velocity

postulated mechanisms of this relation evokes the impact
of circulating platelet aggregates, serotonin, and other
chemicals — which in normal situations are “detoxified”in
their first passage through the lungs. A similar mechanism
can be operative in the pathogenesis of AF occurrence/re-
currence, as influx of venous blood into the LA in patients
with PFO may deliver to LA biologically active substances
that may predispose to AF initiation or progression of atrial
myopathy. Indeed, in a recent work, Daher et al. found an
increased prevalence of PFO reaching 57% in AF patients
referred for PVI[17].

www.journals.viamedica.pl/kardiologia_polska

Itis also possible that PFO is secondary to LA dilatation.
Malcoaptation of the edges of the fossa ovale and intera-
trial shunting may be a consequence of stretching of the
interatrial septum — being a part of the process of atrial
enlargement [18]. Consequently, PFO could be a marker of
structural changes in LA, i.e., a culprit rather than a causa-
tive factor. However, this seems a less likely explanation as
PFO was found in the current study to be an independent
risk factor alongside the LA size.
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Table 5. Left atrial appendage late diastolic emptying flow velocity value as a risk factor for atrial fibrillation recurrence

months

Kietbasa 2021 47 Parox 1.63 (1.06; 2.49)

Gerede 2016 [6] 51 Parox 1.13(1.11;1.23) >30 CcB 12
Fukushima 2014 [7] 105 Parox 2.69(1.14;6.32) >64.9 RF 19
Kanda 2015 [8] 53 Persist 3.24(1.24;8.48) >28 RF 12
Ma 2016 [9] 55 Persist 1.23(1.06; 1.47) >8 RF 12
Ma 2016 [9] 65 Parox 1.14(1.02;1.27) >32 RF 12
He 2018 [10] 80 Parox 1.1(1.01; 1.19) >39.2 RF 12
Kim 2019 [11] 2352 Parox and Persist 2.35(1.97;2.79) >40 RF 51

Abbreviations: AF, atrial fibrillation; CB, cryoballoon ablation; Cl, confidence interval; HR, hazard ratio; LAA-FV, left atrium appendage late diastolic emptying flow velocity;

parox, paroxysmal; persist, persistent; RF, radiofrequency ablation

LAA flow velocity
LAA flow velocity was validated as an indicator of LA
contractile and reservoir function [19]. The relationship
between reduced LAA flow velocity and increased risk of
AF recurrence after PVI has previously been reported in
several studies — summarized in Table 5 [6-11]. However,
most of these studies were based on small cohorts and
only one study investigated patients who underwent
cryoballoon-based ablation [6]. Gerede et al. [6] studied
51 patients who underwent cryoballoon ablation and
found that LAA flow velocity was an independent risk
factor of AF; our results corroborate this with an analysis
based on a group of almost 10 times the size than in the
previously studied population. Furthermore, in our study,
all patients during TEE were in sinus rhythm, in contrast to
some other reports. This seems important, since including
patients with persistent AF or patients with AF episodes
during TEE and analyzing them together with patients in
sinus rhythm results in a serious methodological limitation,
as during AF the LAA flow velocity is temporarily decreased.
The LAA flow velocity cut-off point among most studies
was similar; any small differences between studies were
probably caused by dissimilarities in studied populations
and methodology. Our population was relatively healthy,
most commonly with hypertension as the only important
comorbidity. In the largest LAA flow velocity study to date,
a cut-off of 40 cm/s was proposed — a value slightly lower
than in our study (45 cm/s). This could be attributable to
theinclusion of patients with persistent AF in that study, as
velocity cut-off for persistent AF patients is much lower [9].

Presence of LA spontaneous echo contrast

LA remodeling related to AF progression manifests in de-
creased LA contractility development of LA spontaneous
echo contrast that can be considered as a final result of
LA remodeling, fibrosis, dilation, and decreased hemody-
namic function [20]. The presence of LA spontaneous echo
contrast as an important independent risk factor of AF
recurrence in similar populations was reported by Gerede
et al. [6]. However, in our research, this factor was not an
independent factor — because it was strongly related to
LAA flow velocity (Table 4).

Clinical implications

AF recurrence is reported to occur in 10%-50% of patients
post-cryoballoon ablation. Although several risk factors
for AF recurrence were proposed, pre-procedural risk
assessment is still far from perfect. A few reports pointed
out that other features concerning LA and LAA size and
function — like morphological type of LAA, LA strains,
and LA pressure, might offer better risk assessment than
the standard clinical and TTE-derived measures [4, 21-23].

This study demonstrated that two TEE-derived meas-
ures are independent predictors for AF recurrence and
potentially could be helpful to distinguish patients with
paroxysmal AF who would have a preferable outcome
by cryoballoon ablation from those who would not,
and could improve the clinical decision-making in these
patients. Moreover, it seems justified to speculate that
patients with the presence of the above risk markers might
benefit from more extensive cryoballoon-based LA ablation
(roof and posterior wall lines, LAA appendage isolation, etc.)
[24-26] in order to reduce the AF recurrence.

Low LAA flow velocity probably reflects functional
atrial remodeling or LAA remodeling related to increased
arrhythmogenicity. This seems similar to the observation
that the left ventricular ejection fraction predicts the oc-
currence of ventricular tachyarrhythmias. Since LAA flow
velocity remained an independent factor after adjustment
for a very potent risk factor — LA size — this suggests
that LAA function deterioration may precede LA dilata-
tion and may occur in the early stages of LA remodeling,
while the presence of PFO may reflect particular structural
atrial remodeling that takes place before global dilatation
is observed.

Limitations

This was a single-center observational study with related
potential referral and treatment bias. It is necessary to
validate our results with multicenter data analysis. Since
arrhythmia recurrences can be asymptomatic and peri-
odic ECG monitoring is far from perfect, undoubtedly
some episodes of asymptomatic AF were missed. How-
ever, asymptomatic episodes were likely distributed
equally in both groups — with and without recognized
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AF limiting the impact of missed AF episodes on the
obtained results.

It is possible that we underestimated the true preva-
lence of PFO. One study showed that TEE is less sensitive
in the detection of PFO than gentle attempts to cross the
interatrial septum with the use of a steerable catheter
during the PVI procedure [17]. However, the prognostic
importance of small PFO that does not manifest in TEE
during the Valsalva maneuver might be different from the
importance of a more “manifest” PFO — as investigated in
our population.

The cut-off point of LAA flow velocity was estimated
on the basis of post hoc data analysis, potentially leading
to the bias of the test validity. However, this type of bias
has a higher impact on the test performance in studies
with a small sample size or low prevalence of the analyzed
effect [26].

CONCLUSIONS

This study proposed a novel TEE-derived AF recurrence
risk factor - the presence of patent foramen ovale - and
confirmed the prognostic value of left atrium appendage
late diastolic emptying flow velocity during sinus rhythm
in patients undergoing cryoballoon-based AF ablation.
These risk factors could be useful in the global assessment
of AF recurrence risk and potentially helpful in planning the
ablation procedure strategy.
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