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Abstract. - OBJECTIVE: This study was aimed
to observe the significance of the left atrium
(LA) functional index combined with B-type na-
triuretic peptide (BNP) level in predicting recur-
rence in patients with paroxysmal atrial fibrilla-
tion (PAF) after circumferential pulmonary vein
ablation (CPVA). Real-time three-dimensional
echocardiography (RT-3DE) was used to ob-
serve the structural and functional changes of
LA in patients with PAF after CPVA. BNP is a he-
modynamic indicator of myocardial stretching
increase in atrial fibrillation (AF) patients.
PATIENTS AND METHODS: 243 patients with
PAF who intended to undergo CPVA were select-
ed in the study, and the following clinical data
of the patients were collected. Firstly, the blood
BNP levels measured before CPVA. Secondly,
the measurements of routine echocardiography
before CPVA. RT-3DE was used to obtain the
time-volume curve of LA. Then, multivariate lo-
gistic regression analysis was used to analyze
the factors affecting PAF recurrence after CP-
VA. Finally, we obtained the receiver operating
characteristic (ROC) curve of PAF recurrence
predicted by the independent risk factors.
RESULTS: A total of 233 AF patients with an
average age of 63.1 * 9.3 years (range, 39-75
years; male: female =195: 38) underwent CPVA.
42 patients had AF recurrence (18.0%) during
3-6months follow-up after an operation blanking
period of 3 months, BNP in the Recurrence Group
was higher than that in Sinus Rhythm Group
(p=0.001). The preoperative left minimum volume
index (LAVImin), left atrial volume index before
contraction (LAVipre-a) were higher in Recurrence
Group than in Sinus Rhythm Group (p=0.001).
Expansion index, Diastolic emptying index (DEI),
Passive emptying index (PEIl), Active emptying
index (AEl) were lower in the Recurrence Group

than in the Sinus Rhythm Group (p=0.001). Logis-
tic regression analyses showed that BNP and DEI
were independent predictors for PAF recurrence
(OR=1.004, 95% CI: 1.01-1.07, p=0.001; OR=0.655,
95% CI: 0.57-0.75, p=0.001). The AUC of BNP, DEI
and combined index for recurrence of CPVA were
higher than LAVimax (p range: 0.001-0.013).

CONCLUSIONS: In patients with PAF treat-
ed with CPVA, the impaired DEI of LA reservoir
function and increased BNP may be useful pre-
dictors of PAF recurrence.
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LA = left atrium; AF = atrial fibrillation; PAF = paroxys-
mal atrial fibrillation; BNP = B-type natriuretic peptide;
CPVA = circumferential pulmonary vein ablation; AAD
= antiarrhythmic drug; CMRI = cardiac magnetic res-
onance imaging; CT = computed tomography; TEE =
transesophageal echocardiography; SEC = spontaneous
echocardiographic contrast; RT-3DE = real time- three di-
mensional echocardiography; LAVI = left atrium volume
index; LAVImax = left atrial maximum volume index;
LAVImin = left atrial minimum volume index; LAVIpre-a
= left atrial volume index before contraction; PE = pas-
sive emptying percentage of total emptying; AE = active
emptying percentage of total emptying; DEI = diastolic
emptying index; PEI = passive emptying index; AEI = ac-
tive emptying index; LA A = left atrial appendage; LAAV
= left atrial appendage peak emptying velocity; LVEF =
left ventricular ejection fraction; NOACs = non-vitamin K
antagonist oral anticoagulants; ROC = receiver operating
characteristic, ECG = electrocardiograph.
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Introduction

Atrial fibrillation (AF) is one of the most com-
mon and dangerous arrhythmias. Remodelling of
atrial structure and ion channel function are im-
portant mechanisms leading to atrial fibrillation'.
As first-line treatment for paroxysmal atrial fibril-
lation (PAF), the multicenter clinical randomized
trial strongly support the use of catheter abla-
tionin patients with who do not respond to initial
antiarrhythmic drug (AAD)'. Although in the
CABANA trial of symptomatic patients with AF,
there was no significant difference between cath-
eter ablation group and drug therapy group in the
primary endpoint and the all-cause death group,
catheter ablation (including circumferential pul-
monary vein ablation, CPVA) led to a substan-
tial reduction of recurrence of atrial fibrillation
at 12 months®. The CPVA is superior to the sin-
gle AAD for PAF patients in the recurrent atrial
tachyarrhythmias of 9 and 24 months follow-up?,
stroke, cardiovascular events*and mean quality of
life scores. Furthermore, ablated patients receiv-
ing AAD are less likely to atrial tachyarrhyth-
mias compared to ablated patients kept free from
AAD?*®, However, the recurrence rate after CPVA
can reach 20%-40%?, and about 50% of patients
relapse in 24 months after a single operation. As
the high recurrence rate is still a widespread con-
cern, and the mechanism and related factors of
recurrence remain unclear, it is imperative to find
indicators that can predict the CPVA recurrence.

LA dilation precedes or appears early after
the onset of AF and is involved in the progres-
sion of arrhythmia. Left atrium maximum vol-
ume (LAVmax) is a risk factor of the recurrence
after CPVA and thromboembolic risk in patients
with AF’. Later in-depth studies of LA function
have demonstrated that LA remodeling is close-
ly related to the recurrence after CPVA. AF is
a progressive disease that can alter the original
electrical and structural features during the re-
modeling process. Atrial remodeling is a major
characteristic of AF, which provides a heteroge-
neous environment for electrical propagation, and
triggers recurrence activity®. RT-3DE is a new
method for evaluating LA remodeling, which is
more sensitive to LA dysfunction. The measure-
ment of atrioventricular scale by the RT-3DE is
highly correlated to the gold standard of cardiac
magnetic resonance imaging (CMRI) and com-
puted tomography (CT)’.

Brain natriuretic peptide (BNP) is a biologi-
cally active circulating hormone secreted by the

4998

heart and belongs to the natriuretic peptide family
(NPs). The secretion of BNP includes the regula-
tory secretion of atrial and the structural secretion
of the ventricle. Left atrial volume and pressure
load in AF patients are essential factors regulat-
ing BNP secretion'. The BNP in AF patients is
mainly involved in the diuresis, sodium excretion,
vasodilation and inhibition of aldosterone synthe-
sis''. BNP is elevated in AF patients without heart
failure, and meta-analysis has shown that the el-
evated baseline BNP levels were associated with
an increased risk of AF recurrence after catheter
ablation, suggesting that BNP may be a biomarker
for predicting AF recurrence'?.

In AF patients with LA remodeling, volume
increase, and elevated atrial tension, the heart
produces precursor Pro-BNP in pulse, which is
converted to biologically active BNP. BNP is
released from the myocardium when it is ex-
posed to stretch and increased wall stress. The
most important stimulus for cardiac secretion
of BNP is the myocardial cell stretch, and the
increase in the plasma BNP concentration is re-
lated to the amount of stretch!’. Therefore, the
plasma BNP concentration reflects the degree
of myocardial stretching and stress changes in
the ventricular wall'.

We used RT-3DE to dynamically assess the
volume and function of LA before and after CPVA
in patients with PAF. The structural remodeling
of LA was evaluated by the advanced three-di-
mensional ultrasound imaging technology, and
combined with the critical biomarker BNP, the
power of LA ultrasound index in predicting PAF
recurrence was quantified. Through these ex-
aminations, we aimed to optimize the invasive
rhythm control strategy of AF patients.

Patients and Methods

Patients

Between January 2017 and August 2019, 243
patients with paroxysmal symptomatic AF who
were hospitalized for the first time for CPVA
were enrolled. PAF was defined as that AF termi-
nated spontaneously within 7 days, mostly < 24
hours. All patients had taken more than one an-
tiarrhythmic drug, including 38 women and 205
men. All patients met the following criteria: (1)
no history of organic heart diseases, such as cor-
onary heart disease, hypertensive heart disease,
cardiomyopathy, valvular disease, or congenital
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heart disease; (2) no clinical cardiac dysfunction
symptoms and signs, and no preoperative echo-
cardiographic evidence of cardiac dysfunction
[left ventricular ejection fraction (LVEF) > 50%),
no liver or kidney dysfunction; (3) no respiratory
disease; (4) clinical symptoms observed at the on-
set of AF. At baseline, all patients were examined
by the physician and obtained the following in-
formation: history, current symptoms, functional
grading, medication, height, weight, non-invasive
blood pressure, renal function, heart rate, 12-lead
electrocardiograph (ECG). All patients provided
written informed consent according to the Decla-
ration of Helsinki and the study was approved by
the Scientific Ethics Committee.

Blood Sample Collection
and Measurements

Blood was collected in the morning before
CPVA when the patient was in sinus thythm. Ac-
cording to the recommendations of the European
Society of Cardiology practical guidance'and Car-
dioOrmocheck study'®, 2 ml of blood was obtained
from each patient in Ethylene Diamine Tetraacetic
Acid (EDTA) anticoagulation test tubes (Becton,
Dickinson and Company, Franklin Lakes, NJ,
USA), when fasting, and under supine position.
The supernatant was taken after centrifugation at
3000 r/min for 10 min in 2 hours and processed
with AUS800 automatic immunoassay instrument
(Beckman Coulter, Brea, CA, USA) using chemi-
luminescence method, according to the Biosite
BNP assay'’, lower detection limits of 10 pg/ml.

Echocardiography

Conventional echocardiography, transesopha-
geal echocardiography (TEE) and RT-3DE (Epic
7C, Philips Healthcare Royal Philips Electronics,
Amsterdam, The Netherlands) were performed
before CPVA according to the recommendations
of the European Association of Cardiovascular
Imaging (EACVI)®. The 243 PAF patients laid
down in the left lateral position and connected
with a 12-lead ECG, and the images were ac-
quired at parasternal and apical views using an
X5-1 and X7-2 probe with 15 cm in depth. The av-
erage frame rate was 50 frames/second. Standard
Motion(M-), two-dimensional (2D) and three-di-
mensional (3D) images were obtained. All echo-
cardiographic images were digitally stored, and
the measurements of volume and functions were
conducted by the commercially available QLAB
(10.5; Philips Healthcare Royal Philips Electron-
ics, Amsterdam, The Netherlands) software pack-

age. Five cardiac cycles in full-volume were con-
tinuously obtained from AP4 (apical four-chamber
heart) for 3D analysis which requires an optimal
breath-hold" within three days before CPVA. We
acquired images during sinus rhythm in PAF pa-
tients. The interval between blood test and echo-
cardiography was no more than one hour. The
images were analyzed by two experienced doc-
tors on the same day. The ejection fraction was
calculated using the biplane Simpson’s method.
All TEEs were performed using an X7-2 probe
by a senior certified echocardiography cardiolo-
gist, in order to observe the LA and left atrial ap-
pendage (LAA) for thrombosis and spontaneous
echocardiographic contrast (SEC), and at the
same time, left atrial appendage peak emptying
velocity (LAAV) were obtained from the TEE.
The LA volume-time curve of the whole cardi-
ac cycle was obtained by RT-3DE, which yield-
ed the measurements for maximum LA volume
(LAVmax), minimum LA volume (LAVmin), and
the LA volume before atrial active contraction
(LAVpre-a). LAVpre-a was measured at the be-
ginning of P wave in surface electrocardiogram.
All LAVs were normalized by body surface area.
The left atrial function was derived from the fol-
lowing formulas.

Reservoir function was assessed using the fol-
lowing two indices:

(1) Expansion index =

[(LAVImax-LAVImin)/LAVImin] x 100%

(2) Diastolic emptying index (DEI) =

[(LAVImax-LAVImin)/LAVImax] x 100%.

Conduit function was assessed using the fol-
lowing two indices:

(1) Passive emptying percentage of total

emptying (PE) = [(LAVImax-LAVIpre-a)/

( LAVImax-LAVImin)] x 100%

(2) Passive emptying index (PEI) =

(LAVImax-LAVIpre-a)/ LAVImax x 100%.

Booster pump function was assessed using the
following two indices:

(1) Active emptying percentage of total

emptying (AE) = [(LAVIpre-a-LAVImin)/

(LAVImax-LAVImin)] x 100%

(2) Active emptying index (AEI) =

(LAVIpre-a-LAVImin)/ LAVIpre-a x 100%.

Percutaneous Radiofrequency Ablation
Catheter ablation was performed using a 3-di-

mensional electroanatomic mapping system (CAR-

TO, Biosense Webster, Diamond Bar, CA, USA) to
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support the creation and validation of radiofrequen-
cy lesions. All patients discontinued at least 5 half-
life other antiarrhythmic drugs except amiodarone.
Both an ablation catheter and a circular catheter for
registry and stimulation (Lasso, Biosense Webster;
or Inquiry Optima, St. Jude Medical, MN, USA)
were introduced percutaneously through the fem-
oral vein. A double transseptal puncture was per-
formed to access the LA. Three radio frequencies
were delivered through an irrigated-tip thermocou-
ple-equipped catheter (3.5 mm) using a target tem-
perature of 45°C at 40 W. Radiofrequency lesions
were made surrounding each ipsilateral pulmonary
vein as previously described. The target was the
reduction of local electrogram to < 0.15 Mv and
elimination of pulmonary vein potentials with the
establishment of bidirectional conduction block be-
tween the LA and pulmonary veins.

Postoperative Treatment, Follow-Up,
and Grouping

The electrocardiogram was performed every
day for 3 days after CPVA, and non-vitamin K an-
tagonist oral anticoagulants (NOAC) was given for
2 months after surgery. All patients continued to
use a previously antiarrhythmic drug treatment for
3 months after surgery (amiodarone, 200 mg, Qd;
propafenone 150 mg, Tid or morerazine 150 mg,
Tid; sotalol 80 mg, Bid). All patients were followed
up for a minimum of 3 months and up to 6 months
(healing period). The follow-up phone number and
the fax of ECG data were collected. The Holter
examination was followed up monthly after dis-
charge. AF recurrence occurring in the first 3
months after the ablation (blanking period) were
not counted for the purpose of the present analysis.
AF recurrence was defined as a documented epi-
sode of any atrial arrhythmias (AF, AT and atrial
flutter) lasting > 30 s during the follow-up period
after a blanking period of 3 months?. Patient’s fol-
low-up was terminated at the first AF episode re-
corded after the blanking period.

Statistical Analysis

The statistical analysis was performed using
SPSS 22.0 software (IBM Corp., Armonk, NY,
USA). The count data was represented by a com-
position ratio, and the comparison between the
rates of the groups was performed by a chi-square
test or an accurate probability method. The mea-
surements were expressed as mean =+ standard
deviation, and the measurements of skewed dis-
tribution were expressed by Median (QI1-Q3).
For continuous variables, #-test (parametric) and
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Mann Whitney U test (non-parametric) were used
for comparison between groups. The variables
with p<0.05 in the univariate analysis were classi-
fied into the multivariate logistic regression mod-
el, and the multivariate logistic regression model
was used to determine the independent risk fac-
tors for recurrence of CPVA in patients with PAF.
The ROC curves of AF recurrence predicted by
BNP and LA functional indicators were plotted,
and the cut-off value and area under the curve
(AUC) were determined. The test efficiency of
each parameter was analyzed. Multivariate pipe-
line regression analysis was used to test the rela-
tionship between LA function and BNP. The dif-
ference was statistically significant with p<0.05.

Results

Comparison of Clinical Data

Two hundred forty-three patients underwent
TEE before the operation. Ten patients were not
treated with CPVA due to heart rhythm, left atrial
appendage thrombosis, SEC or low LAAV (less
than 40cm/s). The remaining 233 patients were
successfully treated with CPVA, with an average
age of 63.1£9.3 years (range, 39-75 years; male:
female =195: 38). All patients were recorded sinus
rhythm after the operation in digital subtraction
angiography (DSA). Two hundred thirty-three pa-
tients were observed and followed up 3-6 months
after CPVA. According to a documented episode
of any atrial arrhythmias (AF, AT and atrial flut-
ter) lasting > 30 s during and the monthly 24 hours
dynamic electrocardiogram after a blanking pe-
riod of 3 months, the patients were divided into
AF Recurrence Group (n =42) and Sinus Rhythm
Group (n = 191). The mean follow-up period of
AF Recurrence Group and Sinus Rhythm Group
were 4 (3, 5) months and 6 (6, 6) months (Figure
1). The clinical data of the patients were shown in
Table I. Compared with the Sinus Rhythm Group,
the Recurrence Group had a long course of AF,
and the BNP in the Recurrence Group is higher
than the Sinus Rhythm Group (all p<0.01).

Difference in Left Atrial Volume
and Function

Before CPVA, LAVImin and LAVlIpre-a of
the Recurrence Group were higher than the Si-
nus Rhythm Group (all p=0.001). Expansion in-
dex, DEI, PEI, and AEI of the Recurrence Group
were significantly lower than those of the Sinus
Rhythm Group (all p=0.001) (Figure 2, Table II).
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243 AF patients screened

10 patients excluded 233 patients treated with CPVA

Left atrial appendage included , passed a blanking

thrombosis; period of 3 months

Spontaneous echocardiographic )

contrast(SEC) ; Follow-up 3-6 months

Low left atrial appendage peak T T

ing velocity(LAAV

emptying velocity(L ) AF Recurrence | (Sinus Rhythm
Group (n=42) Group (n=191)
median follow-up median follow-up

4months (range3, 5) | |6months (range6.6)

Figure 1. Study population, selection, and follow-up.

Independent Risk Factors
for AF Recurrence

Adjusting for age, sex, LAVImin, LAVIpre-a,
expansion index, PEI and AEI, multivariate logis-

Table I. Clinical data of the 233 PAF patients before CPVA.

tic regression analysis showed that preoperative
DEI, BNP, and AF duration were the independent
risk factors for AF recurrence after 3 months of
CPVA (p-range=0.001-0.016) (Table III).

Recurrence Group Sinus Rhythm Group tor ? P
n=42 n =191
Age (years old) 60.92+10.47 64.04+9.05 0.288 0.078
BMI (kg/m?) 23.44+3.75 23.74+2.89 0.075 0.626
female, n (%) 5 (11.90) 33 (17.28) 0.153 0.493
History of AF (month) 9.3+4.6 7.4+3.8 0.450 0.005
Family history of AF, n (%) 7 (16.67) 18 (9.42) 1.178 0.176
Rhythm control drugs, n (%) 24 (57.14) 105 (54.97) 0.007 0.933
Prior hospitalization for AF, n (%) 12 (28.57) 34 (17.80) 1.887 0.170
Hypertension, n (%) 11 (26.19) 44 (23.04) 0.055 0.814
Diabetes mellitus, n (%) 12 (28.57) 43 (22.51) 0.405 0.525
Hypercholesterolemia, n (%) 8 (19.05) 27 (14.14) 0.147 0.474
Obstructive sleep apnea, n (%) 4 (9.52) 14 (7.33) 0.027 0.871
Drink, n (%) 7 (16.67) 36 (18.85) 0.309 0.829
Vascular disease, n (%) 5 (11.90) 15 (7.85) 0.296 0.586
History of stroke or TIA, n (%) 6 (14.29) 16 (8.37) 0.029 0.239
CHADS2 1.0 (0, 1.0) 1.0 (0, 1.0) 0.004 0.983
CHADS2-Vasc 1.0 (1, 0,3.0) 1.0 (1.0, 2.0) 0.023 0.887
Heart rate (beat/min) 79 (64.3, 91.0) 78 (63, 92.0) 0.081 0.637
Serum creatinine (umol/l) 63.04 +£13.26 61.07+ 18.19 0.125 0.503
LAAYV (cm/s) 60.27+11.37 57.76£11.03 1.320 0.188
BNP (pg/ml) 530.5 (380.3, 673.3) 278.2 (194.0, 438.2) 0.876 0.001

Footnote: BMI, body mass index; TIA, transient cerebral ischemic attacks; CHADS2, CHADS2-Vasc are stroke risk scores in
patients with AF; LAAYV, left atrial appendage peak emptying velocity.
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Figure 2. The comparisons of LA volume (A), and LA reservoir (B), conduit (C) and booster pump (D) function before CVPA
in the Sinus Rhythm Group and the Recurrence Group. AE, active emptying percentage of total emptying; AEIL, active emp-
tying index; PE, passive emptying percentage of total emptying; PEI, passive emptying index. *indicates p<0.05.

ROC Curve

The ROC curves of the LAVImax, DEI, BNP,
and DEI combined with BNP to predict the AF
recurrence were shown in Table IV and Figure
3. The AUC of predicted recurrence of BNP,
DEI and combined indicators were compared

with LAVImax, respectively. The z statistics
were 2.497 (95% CI: 0.028 to 0.236, p=0.013),
5.274 (95% CI: 0.170 to 0.371, p<0.001), and
5.730 (95% CI: 0.193 to 0.391, p<0.001). The
z statistics of the AUC of the joint index, BN-
P+DEI, to predict AF recurrence was 1.420

Table Il. Comparison of LA volume and function in 233 PAF patients before CPVA.

Recurrence Group Sinus Rhythm Group t or 2 P
n=42 n=191
LVEF (%) 56.0 (51.0, 59.6) 56.0 (51.0, 60.0) 0.110 0.602
LAVI max (ml/m2) 35.81+4.12 34.2+5.14 0.334 0.067
LAVI min (ml/m2) 24.5343.21 20.65+3.46 1.185 0.001
LAVI pre-a (ml/m2) 30.52+4.23 27.08+4.83 0.780 0.001
Expansion index (%) 47.84+10.84 67.24+12.2 1.680 0.001
DEI (%) 32.07£5.19 39.94+4.36 1.672 0.001
PE (%) 49.24+15.18 53.98+14.34 0.322 0.057
PEI (%) 16.13+4.95 20.24+5.31 0.797 0.001
AE (%) 50.83+15.16 46.38+14.36 0.322 0.057
AEI (%) 19.02+6.26 23.28+6.71 3.368 0.001

Footnote: LVEF, left ventricular ejection fractions; BNP, brain natriuretic peptide; LAVI max, left atrial maximum volume index;
LAVI min, left atrial minimum volume index; LAVI pre-a, left atrial volume index before contraction; DEI, diastolic emptying
index; PE, passive emptying percentage of total emptying; PEI, passive emptying index; AE, active emptying percentage of total

emptying; AEL active emptying index.
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Table Ill. Univariate and mutivariate analyses of factors affecting AF recurrence.

Univariate logistic regression Multivariate logistic regression
P OR 95% Cl P OR 95% CI

Age (years old) 0.080 0.969 0.94, 1,01 0.609 0.986 0.93, 1.04
Sex % 0.396 0.647 0.24,1.77 0.968 0.974 0.27, 3.57
History of AF (month) 0.007 1.120 1.03, 1.22 0.016 1.154 1.03, 1.30
BNP (pg/ml) 0.001 1.003 1.01, 1.04 0.001 1.004 1.01, 1.07
LAVI min (ml/m?) 0.001 1.348 1.21,1.51 0.137 3.666 0.66, 20.27
LAVI pre-a (ml/m?) 0.001 1.155 1.07,1.24 0.475 1.345 0.60, 3.04
Expansion index (%) 0.001 0.853 0.81, 0.90 0.111 0.850 0.70, 1.04
DEI (%) 0.001 0.683 0.61, 0.77 0.001 0.655 0.57,0.75
PEI (%) 0.001 0.852 0.79, 0.92 0.488 0.942 0.80, 1.12

Footnote: BNP, brain natriuretic peptide; LAVI min, left atrial minimum volume index; LAVI pre-a, left atrial volume index

before contraction; DEI, diastolic emptying index; PEI, passive emptying index; AEI, active emptying index.

(95% CI: -0.008 to 0.051, p=0.156), compared
with that of the single factor DEI.

Discussion

The treatment of PAF has made significant
progress, and catheter ablation has become an
irreplaceable treatment; what is more, continued
use of ADT significantly reduces the recurrence
of atrial tachyarrhythmia after CPVA°. However,
radical transcatheter interventions can elicit the
fibrosis which propitiate the creation of arrhyth-
mogenic scars, furthermore, pulmonary vein ste-
nosis is an important complication after catheter
ablation'. The benefits of ablation are often offset
by the recurrence of AF. Therefore, identifying
high-risk AF patients with non-invasive indi-
cators may help doctors make better choices. In
the present study, RT-3DE was used to evaluate
LA volumes and function in PAF patients treated
with CPVA, RT-3DE coupled with a fully auto-
mated endocardial contouring algorithm to mea-
sure volumes and EF is feasible, accurate, and
reproducible. It is now possible to measure 3D

volumes and EF in patients accurately and rapid-
ly compared with CMR. The implementation of
such an automated workflow may promote wider
use in routine clinical practice®.

Patients with PAF suffer from recurrent AF
rhythm, loss of effective atrial contraction, and
increased LA volume and pressure load. Con-
version of atrial fibrillation to sinus rhythm also
results in a transient mechanical dysfunction of
atrium, termed atrial stunning, which may show
LA or left atrial appendage thrombosis, SEC or
low LAAV?'. All images and blood were collected
in sinus thythm, and LAAC velocity was used to
exclude left atrial stunning. Left atrial remodeling
is mainly due to the development of atrial tach-
yarrhythmias or the alteration in atrial structure
secondary to pressure or volume overload®. The
occurrence of AF is a gradual process, and when
PAF patients develop significant structural re-
modeling, it usually indicates irreversible micro-
scopic changes and a more severe disease pheno-
type. In recent years, studies have shown that the
degree of preoperative LA reconstruction plays
an essential role in the success of CPVA. The PAF
patients selected in this study were mostly in the

Table IV. Evaluation of the power of the BNP and DEI before CPVA of predicting AF recurrence by ROC curve.

Criterion AUC 95% CI Sensitivity (%) Specificity (%)
LAVI max (ml/m?) 50.3 0.601 0.566 to 0.694 76.19 49.74
DEI (%) 36.67 0.887 0.828 t0 0.922 90.48 79.06
BNP (pg/ml) 432 0.749 0.688 to 0.803 73.81 74.35
BNP (pg/ml) + DEI (%) >432 and < 36.67 0.908 0.863 to 0.942 80.95 90.05

Footnote: BNP, B-type natriuretic peptide; DEI, Diastolic emptying index; CPVA, circumferential pulmonary vein ablation.
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Figure 3. The Receiver Operator Curve
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early stage of AF. The LA volume of the patients
was normal or slightly increased and the ejec-
tion fraction was still within the normal range.
There was no significant difference in LAVImax
between the Recurrence Group and the Sinus
Rhythm group, while the 3D analysis of LA func-
tion in these patients will have a more substantial
impact on their prognosis®. The biological blood
indicator BNP is released when the myocardium
is stretched and the wall stress increases*?*. In
AF patients with normal cardiac function, the
BNP gene expression is enriched in atrium', they
may be the ultrasound-structural and hematologi-
cal indicator of wall stress.

In the early stage of AF, the contractile and
structural remodeling may be reversible, but
with the increased number of attacks and ex-
tended attack time, it is difficult to reverse the
progress, which is called the “AF-promoting AF”
mechanism?’. PAF has a chronic tendency. LA
remodeling is an adaptation to the LA progres-
sion over time. Therefore, it is essential to assess
the patient’s medical benefit before surgery. Un-
like the previous study, which proposed that “LA
enlargement is a powerful predictor of AF re-
currence”®, in this study we found that the DEI
of the patients with PAF is an independent risk
factor for predicting AF recurrence after CVPA,
and the ROC curve showed that combined with
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BNP, the sensitivity and specificity of the predic-
tion could reach 80.95% and 90.05%, indicating
that stress/capacity-overload-induced structural
remodeling and neurohumoral changes play a
vital role in AF recurrence. In the early stage of
AF episode, the atrium may increase its ejection
capacity by increasing the preload (Frank-Star-
ling mechanism), as seen in an increase in vol-
ume. However, its ability to expand is limited,
with frequent attacks, LA results in microscop-
ic myocardial fibrosis and macroscopic volume
expansion and contraction remodeling, leading
to irreversible changes in LA function. In this
study, we found that the risk of recurrence of pa-
tients with decreased LA reservoir function was
increased, indicating that the LA reservoir func-
tion, as a predictor of recurrence at this stage,
may reflect the degree of remodeling in patients
with PAF. LA stress analysis demonstrated that
LA reservoir function could predict the AF re-
currence after CPVA?’. Habibi et al?® have also
shown that LA reservoir function measured with
cardiac magnetic resonance can additionally in-
crease the risk of recurrence.

BNP is also an independent risk factor for
predicting AF recurrence after CVPA. Recurrent
patients show an increase in BNP before surgery,
and patients with symptomatic PAF have a mod-
erate rise in BNP. A decrease in plasma BNP con-
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centration may indicate the success of operation
shortly after ablation®. The decline in BNP levels
may be associated with early recovery of cardi-
ac function and subsequent maintenance of sinus
rhythm, but postoperative BNP recovery is slow-
er than volume improvement®. Also, low BNP
levels are associated with sinus rhythm mainte-
nance after AF cardioversion, and the baseline
BNP level may be a predictor of recurrence after
successful cardioversion®'. Silvet et al** also found
that the elevated BNP levels after atrial volume/
pressure overload were closely associated with
AF persistence. Besides, BNP increases the oc-
currence of atrial arrhythmia of pulmonary vein
origin®, increased level of BNP is associated with
larger left atrial size, which could result in higher
risk of post-ablation AF recurrence due to atrial
fibrosis and remodeling*. BNP may inhibit car-
diac sympathetic activity and enhance vagal ac-
tivity through the cGMP pathway, which leads to
arrhythmias, ultimately AF recurrence®.

The incremental predictive power of the left atrial
reservoir function combined with BNP in this study
has not yet reached statistical significance. Although
the increase in LA is associated with an increase in
BNP, LA expansion is preceded or early in the onset
of AF and is a persistent factor that does not accu-
rately reflect the trend of BNP fluctuations. Abnor-
mal LA function in patients with AF is an essential
factor affecting BNP secretion. Future research will
provide a new perspective for the mechanism of re-
currence of PAF through the study of the correlation
between LA function and BNP.

Combination of non-invasive RT-3DE imag-
ing technology and the critical biomarker iden-
tifies patients with high-risk recurrence among
the PAF with CPVA. Evaluating the risk of AF
recurrence after ablation by left atrial function
and myocardial stretch, which provides valuable
information for clinically determining whether
radiofrequency ablation is needed, as well as abla-
tion strategies and postoperative maintenance of
sinus rhythm-related treatment. It should be noted
that the LA function obtained by the RT-3DE and
BNP level may be indirect measures of myocardi-
al wall stress. Future studies should evaluate the
relationship between wall stress and postopera-
tive recurrence based on invasive measurement.

Conclusions

In patients with PAF treated with CPVA, the
impaired DEI of LA reservoir function and in-

creased BNP level may serve as useful predictors
of PAF recurrence.
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