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Objective: This study aimed to investigate whether the enhanced endpoint of pulmonary
vein isolation (PVI; intravenous injection of adenosine-triphosphate [ATP] + pacing capture
+ supplemental ablation) after initial PVI can reduce the long-term recurrence rate of atrial
fibrillation (AF) after PVL.

Methods: Patients with paroxysmal or persistent AF undergoing catheter ablation treatment
were enrolled in this study and divided into three groups according to the surgical endpoint:
(1) group 1 (n = 92), in which patients were observed for 30 minutes after the initial PVI and
pulmonary vein—left atrium (PV-LA) electrical conduction had not recovered; (2) group 2 (n
= 99), in which patients were observed for 30 minutes after the initial PVI, then intrave-
nously injected with ATP, and PV-LA electrical conduction had not recovered; and (3) group
3 (n = 102), in which patients were observed for 30 minutes after the initial PVI, then
intravenously injected with ATP + treated with ablation line pacing, and the atrium could not
be captured.

Results: Patients were followed up for 12 months after the operation. Twenty-eight patients
in group 1 (30.4%), 19 patients in group 2 (19.2%), and 10 patients in group 3 (9.8%)
developed a recurrence of AF. The difference between groups 1 and 3 was statistically
significant (p < 0.001). At 12 months after the operation, the thickness of the left atrium, the
posterior wall of the left ventricle, and the ventricular septum of the three groups of patients
were significantly thinner than before the operation. Furthermore, the left ventricular ejection
fraction had increased (p < 0.05 for all), and the pulmonary artery pressure had decreased (p
< 0.001).

Conclusion: For patients with paroxysmal AF or persistent AF, the enhanced endpoint of
PVI after the initial PVI can reduce the long-term recurrence rate of AF after PVI.
Keywords: ablation, pacing, adenosine, atrial fibrillation

Introduction

Radiofrequency ablation (RFA) is the first-line treatment for atrial fibrillation (AF),
and pulmonary vein isolation (PVI) is the basic procedure of RFA for AF.
Pulmonary vein—left atrium (PV-LA) electrical conduction recovery is the main
cause of recurrence after AF ablation.' The energy of RFA raises the cell’s resting
potential to a level above the excitatory threshold, rendering the cell incapable of
depolarization and conduction. Adenosine can enhance outward potassium currents,
promote hyperpolarization of the cell membrane potential, and preserve excitability.
It can also activate sodium channels and increase the maximum depolarization rate
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in Phase 0 of the cellular action potential. Previous studies
have shown that surgical procedures, such as intraopera-
tive intravenous injection of adenosine triphosphate (ATP)
or pacing on the ablation line to locate potential electrical
conduction followed by supplementary ablation until PVI
is repeated, can help reduce long-term AF recurrence.'
However, there is no direct evidence demonstrating
whether the enhanced endpoint of PVI operation — ATP
induction + electrical stimulation induction + supplemen-
tal ablation — can reduce the long-term recovery of PV-LA
electrical conduction and increase the success rate of RFA
for AF. In this study, the enhanced endpoint of the PVI
procedure of ATP induction + electrical stimulation induc-
tion + supplemental ablation was adopted to determine
whether this procedure can reduce the long-term recur-
rence rate of AF after PVI and to evaluate both the safety
of the operation and postoperative structural and func-
tional changes to the left atrium. The aim was to provide
a reliable basis for clinical improvement of PVI surgical
methods and the long-term success rate of RFA for AF.

Methods

Subjects

A total of 366 patients who underwent RFA between
January 1, 2017 and February 28, 2019 were enrolled in
this study; the study deadline was February 29, 2020.
Among them, 307 patients met the inclusion and exclusion
criteria. Inclusion criteria for patients were as follows: (1)
patients aged >18 and <85 years; (2) patients diagnosed
with paroxysmal AF or persistent AF (AF duration <12
months), treated with at least one antiarrhythmic drug that
was ineffective, and due to undergo RFA; and (3) the
preoperative New York Heart Association (NYHA) car-
diac function grade was I or II. Exclusion criteria: (1)
patients aged <18 or >85 years; (2) patients with
a preoperative NYHA cardiac function grade of III or 1V;
(3) patients diagnosed with persistent AF, but the duration
of AF was >12 months; (4) patients with a comorbidity of
valvular heart disease, hypertrophic cardiomyopathy, pri-
mary dilated cardiomyopathy, replacement bioprosthetic or
mechanical mitral or aortic valves; (5) patients failed to
undergo RFA due to surgical contraindications; (6)
patients failed to achieve the planned surgical goal due
to surgical complications; (7) patients whose AF could not
be terminated after achieving the predetermined surgical
goal; and (8) patients could not be followed up within the
prescribed time after surgery.

The present study was approved by the ethics commit-
tee of the Affiliated Hospital of Fujian Medical University
(Approval number 2020KY060). This study was con-
ducted in accordance with the Declaration of Helsinki.
All the patients gave informed consent, signed an
informed consent form before surgery, and agreed to
accept the study protocol for follow-up examinations.

Radiofrequency Ablation (RFA)

Procedure

Local anesthesia was given. A Quadrupole electrode
catheter was used to pace in the right ventricle when
transient asystole occurred after the adenosine injection.
A ten-pole circular electrode catheter (Triguy, APT
Medical, Shenzhen, China) was used to record pulmonary
vein potentials, a 3.5-mm saline perfusion ablation cathe-
ter (THERMOCOOL SMARTTOUCH, Biosense Webster)
was used to construct the three-dimensional structure of
the left atrium, and ablation was performed. The ablation
power was 30-35 W, and the temperature was 43°C. The
rate of saline ablation
17-25 mL/min.

perfusion  during was

Research Grouping

Patients with sinus rhythm after the initial PVI were
included; patients with AF after the initial PVI were
given 150 J DC for synchronous electrical cardioversion.
Those who could maintain sinus rhythm after electrical
cardioversion were included; patients who could not main-
tain sinus rhythm after electrical cardioversion and
required linear ablation of the top of the left atrium or
mitral and tricuspid annulus isthmus, coronary sinus abla-
tion, or other ablation procedures were not included. The
patients included were randomly divided into three groups,
as described below.

Group | (the Control Group)

Patients whose PV-LA electrical conduction had not recov-
ered after the operation were observed for 30 minutes after
the initial PVI. For those whose PV-LA electrical conduc-
tion was restored, ablation was performed again continu-
ously until PVI was achieved, and the operation was ended.

Group 2 (the ATP Group)

Patients whose PV-LA electrical conduction had not
recovered after the operation were observed for 30 minutes
after the initial PVI then intravenously injected with
30-40 mg of ATP. For those whose PV-LA electrical

submit your manuscript

698

Dove

International Journal of General Medicine 2021:14


http://www.dovepress.com
http://www.dovepress.com

Dove

Chen et al

conduction was restored, ablation was performed again
until PVI, and then the operation was ended.

Group 3 (the ATP + Electric Stimulation Group)
Patients were observed for 30 minutes after the initial PVI,
then intravenously injected with 3040 mg of ATP if the
electrical conduction of PV-LA had not recovered and
pacing on the ablation line (voltage: 5 V; pulse width: 2
ms) could not capture the atrium (confirmation of PVI),
and then the operation was ended. Re-ablation was per-
formed for patients in whom pacing could capture the
atrium until the pacing could not capture the atrium
(PVI). After intravenous injection of ATP, if the electrical
conduction of PV-LA was restored, ablation was per-
formed again until PVI. Then, if pacing on the ablation
line could not capture the atrium, the operation was ended;
if pacing could capture the atrium, re-ablation was per-
formed until the pacing could not capture the atrium, and
then the operation was ended (see Figure 1 for details).

Postoperative Follow-Up

All the patients were followed up regularly in the first
week after surgery and every 2-4 weeks thereafter.
Electrocardiograms (ECGs) were routinely checked.
During the entire follow-up period, if the patient had any
symptoms of discomfort, they could contact the doctor for
follow-up by phone, message, or WeChat, and check either
the ECG, the 24-hour ECG Holter or both in real time. The
success criterion of the operation was the absence of AF
with a duration >1 minute, atrial flutter, or atrial tachycar-
dia during the follow-up period of 3—12 months after
surgery. All the patients underwent transthoracic echocar-
diography before surgery and at 12 months after surgery.

Postoperative Drug Treatment

Routine anticoagulation treatment was given for three
months after the operation. After three months, it was
decided whether to continue anticoagulation therapy
according to the patient’s CHA2DS2VASc score, the fol-
low-up physician’s advice, and the patient’s willingness to
accept treatment. Routine use of antiarrhythmic drugs
(propafenone or amiodarone) was prescribed for three
months after the operation; after three months, depending
on whether the patient had rapid atrial arrhythmia, the
antiarrthythmic drugs could be stopped or continued. If
necessary, follow-up physicians could choose angiotensin-
converting enzyme inhibitors,

angiotensin  receptor

blockers, B-receptor blockers, or statin therapy according
to the patient’s condition.

Statistical Analysis

All the data analyses were based on the principle of processing
intention analysis. Count data were expressed as percentages
(%) and compared between groups using Pearson’s chi square
test or Fisher’s exact test. Measurement data were evaluated
using a non-parametric test (the Kolmogorov—Smirnov test).
Normally distributed measurement data were expressed as
mean =+ standard deviation (x + SD) and compared between
groups using a t-test. Non-normally distributed measurement
data were expressed as the median (25th percentile, 75th
percentile, and M ([Q25, Q75]) and compared between groups
using a non-parametric test. The difference in postoperative
AF-free survival time was analyzed with a Kaplan—Meier
survival analysis using the Breslow (generalized Wilcoxon)
test. All the data analyses were conducted using SPSS 25.0
statistical ~software (International Business Machines
Corporation, Chicago, America). A value of p < 0.05 (two-
way) was considered statistically significant.

Results
Baseline Characteristics of the Three

Groups of Patients

A total of 307 patients who met the inclusion criteria were
randomly divided into three groups and were followed up.
During the period of 12 months, 14 patients were lost to
follow-up or withdrew; 293 patients finally completed
follow-up. There were 92 patients in Group 1: 60.9% of
them were males, their mean age was 62 (54-68) years
old, 84.8% of them had paroxysmal AF. There were 99
patients in Group 2: 51.5% of them were males, their mean
age was 62 (54-66) years old, 88.9% of them had parox-
ysmal AF. There were 102 patients in Group 3: 59.8% of
them were males, their mean age was 60 (52—-66) years
old, 91.2% of them had paroxysmal AF. The differences in
baseline data between the three groups were not statisti-
cally significant (Table 1).

Comparison of Operation Conditions
Among the Three Groups

The mean operation time was 130 (125-140) minutes in
Group 1, 140 (130-150) minutes in Group 2, and 150
(140-166) minutes in Group 3 (P < 0.001). The com-
parison between Group 1 and Group 2 revealed P =
0.006, while the comparisons between Group 1 and
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Figure | Study grouping flow chart.

Group 3, and Group 2 and Group 3 revealed P < 0.001.
The mean X-ray exposure time of the three groups were
7.9 (5.2-12.2) minutes, 7.6 (4.5-10.8) minutes, and 7.6
(5.0-10.9) minutes, respectively, P = 0.522. The X-ray
exposure doses of the three groups were 163.1 (100.7—
252.0) mGy, 135.9 (96.6-196.1) mGy, and 170.7 (97.-
0-247.1) mGy, respectively, P = 0.236 (Table 2). In
Group 1, one patient had acute cardiac tamponade and
and

bleeding was stopped after pericardiocentesis

drainage by catheterization. Three patients in Group 2
and two patients in Group 3 had different degrees of
ecchymosis at the inguinal blood-vessel puncture site.
Pseudoaneurysms and arteriovenous fistulas were
excluded by local B-ultrasonography, and the ecchymo-
sis gradually disappeared after application of a local
compression bandage. The difference between the three
0.783.

During the operation and follow-up period, no surgery-

groups was not statistically significant: P
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Table | Basic Data of Patients

No. | Group(n=92) No. 2 Group(n=99) No. 3 Group(n=102) P value

Male (cases(%)) 56(60.9%) 51(51.5%) 61(59.8%) 0.351
Age (years) 62(54-68) 62(54-66) 60(52-66) 0.478
AF type
Paroxysmal AF (cases [%]) 78(84.8%) 88(88.9%) 93(91.2%) 0.375
Persistent AF (cases [%]) 14(15.2%) F1(11.1%) 9(8.8%)
Course of AF 24(12-61) 13(5-48) 18(4-60) 0.282
Hypertension (cases) 43(46.7%) 51(51.5%) 41(40.2%) 0.271
Left ventricular hypertrophy (cases) 29(31.5%) 31(31.3%) 33(32.3%) 0.986
Coronary heart disease (cases) 8(8.7%) 4(4.0%) 4(3.9%) 0.287
Diabetes (cases) 11(12.0%) 15(15.2%) 16(15.7%) 0.730
NYHA
| level (cases) 51(55.4%) 64(64.6%) 63(61.8%) 0414
Il level (cases) 41(44.6%) 35(35.4%) 39(38.2%)
BNP 112 (47-300) 110 (45-265) 128 (51-248) 0.820
BMI (kg/m?) 23.8+2.8 24.3+3.2 24.1+3.2 0.539
CrCl (mL/min) 83.1 (69.3-101.5) 85.7 (71.4-105.1) 85.5 (69.1-97.5) 0.725
CHA,DS,-VASc score (cases)
0~| points 39(42.4%) 44(44.4%) 48(47.1%) 0.806
22 points 53(57.6%) 55(55.6%) 54(52.9%)

HAS-BLED score (cases)

0~2 points 85(92.4%) 89(89.9%) 96(94.1%) 0.536

23 points 7(7.6%) 10(10.1%) 6(5.9%)
Smoking history (cases) 24(26.1%) 22(22.2%) 26(25.5%) 0.796
Previous TIA/ischemic stroke (cases) 15(16.3%) 14(14.1%) 8(7.8%) 0.178
Postoperative use of ACE-l or ARB (cases) 29(31.5%) 25(25.3%) 23(22.5%) 0.131
Postoperative use of statins (cases) 27(29.3%) 22(22.2%) 22(21.6%) 0.382
Postoperative use of B-receptor blockers (cases) 26(28.3%) 17(17.2%) 20(19.6%) 0.149
Postoperative use of spironolactone (cases) 5(5.4%) 2(2.0%) 2(2.0%) 0.401

Table 2 Comparison of Operation Time and Others Among 3 Groups

No.l Group(n=92) No. 2 Group(n=99) No. 3 Group(n=102) P value

Operation time (min) 130 (125-140) 140 (130-150) 150 (140—166) 0.000

X-ray exposure time (min) 79 (5.2-12.2) 7.6 (4.5-10.8) 7.6 (5.0-10.9) 0.522

X-ray exposure dose (mGy) 163.1 (100.7-252.0) 135.9 (96.6—196.1) 170.7 (97.0-247.1) 0.236
related complications—such as left-atrial-esophageal The 92 patients in Group 1 were observed for 30
fistula, phrenic-nerve injury, symptomatic stroke, or minutes after the initial PVI. In 38/92 patients (41.3%),
hemorrhagic stroke—occurred. electrical conduction between 118/384 patients (30.7%) of
International Journal of General Medicine 2021:14 submit your manuscript 701
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PV-LA was seen to recover and supplemental ablation
was used until PVI was repeated.

The 99 patients in Group 2 were observed for 30
minutes after the initial PVI. In 45/99 patients (45.5%)
(observed [+]), electrical conduction between 153/425
(36.0%) of PV-LA was seen to recover and supplemental
ablation was used until PVI was performed again. Then
the patients were intravenously injected with ATP: in 40/
99 patients (40.4%) (observed [+]), electrical conduction
between 121/425 (28.5%) of PV—LA was seen to recover.
Among these 40 patients, in the observed (+) cohort, in 12/
40 patients (30.0%), electrical conduction between 39/192
(16.7%) of PV-LA was detected; in the observed (—)
cohort, in 28/40 patients (70.0%), electrical conduction
between 89/233 (38.2%) of PV-LA was seen to recover.
After completing the above two steps, in 73/99 patients
(73.7%), electrical conduction between 242/425 (56.9%)
of PV-LA was detected and supplemental ablation was
performed until PVI was repeated.

The 102 patients in Group 3 were observed for 30
minutes after the initial PVI. In 44/102 patients (43.1%)
(observed [+]), electrical conduction between 136/431
(31.6%) of PV-LA was seen to recover and supplemental
ablation was performed until PVI was repeated. Then the
patients were intravenously injected with ATP and in 43/
102 patients (42.2%) (ATP [+]), electrical conduction
between 134/431 (31.1%) of PV-LA was detected to
recover. Among the 43 patients in the observed (+) cohort,
in 16/43 patients (37.2%) electrical conduction between
48/186 (25.8%) of PV-LA was detected; in the observed
(—) cohort, in 27/43 patients (62.8%) electrical conduction
between 86/245 (35.1%) of PV-LA was seen to recover.
Finally, pacing was performed on the ablation line and in
35/102 patients (34.3%) (pacing [+]), electrical conduction
between 109/431 (25.3%) of PV-LA was detected. Among
these 51 patients, in the observed (+) and ATP (+) cohort,
in 4/35 patients (11.4%) electrical conduction between 10/
68 (16.7%) of PV-LA was detected to recover; in the
observed (+) and ATP (—) cohort, in 9/35 patients
(25.7%) electrical conduction between 28/118 (23.7%) of
PV-LA was detected; in the observed (—) and ATP (+)
cohort, in 10/35 patients (28.6%) electrical conduction
between 33/114 (28.9%) of PV-LA was seen to recover;
in the observed (—) and ATP(—) cohort, in 12/35 patients
(34.3%) electrical conduction between 38/114 (33.3%) of
PV-LA was detected. After completing the above three
steps, in 83/102 patients (81.4%), electrical conduction
between 260/431 (60.3%) of PV-LA was detected to

recover, and supplemental ablation was performed until
PVI was repeated.

Comparison of Echocardiography Indices
Among the Three Groups Before the

Operation

The left atrial sizes of the three groups were 37.4 +
6.2 mm, 36.9 + 5.5 mm, and 37.3 + 5.8 mm, respectively,
P = 0.787. The pulmonary arterial pressure was 27.0 (18.-
0-35.0) mmHg, 27.0 (18.0-33.0) mmHg, and 25.0 (18.0—
31.3) mmHg, respectively, P = 0.610. The left-ventricular
ejection fraction was 66.0% (62.0-71.8%), 67.5% (62.0—
70.7%), and 66.6% (62.0-71.1%), respectively, P = 0.949.
10.4
10.0
left-

The thickness of the interventricular septum was
(9.5-11.7) mm, 103 (9.6-11.3) mm, and
(9.2-11.7) mm, respectively, P = 0.635. The
ventricular wall  thickness was 10.0
9.1-11.1) mm, 9.8 (9.1-10.6) mm, and 9.6
(8.8-10.4) mm, respectively, P = 0.113 (Table 3).

posterior

Comparison of Echocardiography Indices
of the Three Groups at 12 Months After

the Operation

The left atrial sizes of the three groups were 34.9 +
7.1 mm, 33.5 £ 6.6 mm, and 33.0 £ 6.1 mm, respectively,
P = 0.136. The pulmonary arterial pressure was 28.0 (20.-
0-34.7) mmHg, 25.0 (18.0-31.0) mmHg, and 20.0 (18.0—
27.0) mmHg, respectively, P < 0.001. A comparison
and 2 0.227,
a comparison between Groups 1 and 3 revealed P <

between Groups 1 revealed P =
0.001, and a comparison between Groups 2 and 3 revealed
P = 0.040. The left-ventricular ejection fraction was 66.8%
(62.5-70.2%), 67.0% (63.8-70.2%), and 67.6% (64.5—
70.7%), respectively, P = 0.185. The thickness of the
interventricular septum was 10.1 (9.2-11.6) mm, 9.9
(9.1-10.8) mm, and 9.6 (8.9—10.9) mm, respectively, P =
0.167. The left-ventricular posterior wall thickness was 9.6
(8.9-10.7) mm, 9.3 (89-10.2) mm, and 9.2
(8.6-10.3) mm, respectively, P = 0.119 (Table 3).

Comparison of Echocardiography Indices
Among the Three Groups Before the
Operation and at 12 Months After the

Operation
In Group 1, after the operation the left-atrial thickness
(P < 0.001) and left-ventricular posterior wall thickness
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Table 3 Comparison of Echocardiography Indexes Among 3 Groups
No. | Group No. 2 Group No. 3 Group P value
(n=92) (n=99) (n=102)
Before operation | Left atrium (mm) 37.4+6.2 36.9+5.5 37.3+5.8 0.787
Pulmonary arterial pressure (mmHg) 27.0 (18.0-35.0) 27.0 (18.0-33.0) 25.0 (18.0-31.3) 0.610
Left ventricular ejection fraction (%) 66.0 (62.0-71.8) 67.5 (62.0-70.7) 66.6 (62.0-71.1) 0.949
Interventricular septum thickness (mm) 10.4 (9.5-11.7) 10.3 (9.6-11.3) 10.0 (9.2-11.7) 0.635
Left ventricular posterior wall thickness (mm) 10.0 (9.1-11.1) 9.8 (9.1-10.6) 9.6 (8.8-10.4) 0.113
Post operation Left atrium (mm) 34.9+47.1 33.5%6.6 33.0%6.1 0.136
Pulmonary arterial pressure (mmHg) 28.0 (20.0-34.7) 25.0 (18.0-31.0) 20.0(18.0-27.0) 0.000
Left ventricular ejection fraction (%) 66.8 (62.5-70.2) 67.0 (63.8-70.2) 67.6 (64.5-70.7) 0.185
Interventricular septum thickness (mm) 10.1 (9.2-11.6) 9.9 (9.1-10.8) 9.6 (8.9-10.9) 0.167
Left ventricular posterior wall thickness (mm) 9.6 (8.9-10.7) 9.3 (8.9-10.2) 9.2 (8.6-10.3) 0.119

(P = 0.013) were decreased and there was no signifi-
cant difference in pulmonary artery pressure (P =
0.296), left-ventricular ejection fraction (P = 0.629),
or the thickness of the interventricular septum (P =
0.053). In Group 2, after the operation the left-atrial
thickness (P < 0.001), left-ventricular posterior wall
thickness (P = 0.028), and the thickness of the inter-
ventricular septum (P = 0.006) were decreased, while
there was no significant difference in pulmonary artery
pressure (P = 0.284) and left-ventricular ejection frac-
tion (P = 0.626). In Group 3, there were significant
differences in left-atrial size, pulmonary artery pres-
sure, and the thickness of the interventricular septum
(P < 0.001 for all), while there were significant differ-
ences in the left-ventricular ejection fraction and left-
ventricular posterior wall thickness (P = 0.007 and
0.004, respectively) (Table 3).

Analysis of the Incidence of AF and AF-
Free Survival in the Three Groups

At the end of the follow-up, 12 months after the operation, 28
patients in Group 1 (30.4%), 19 patients in Group 2 (19.2%),
and 10 patients in Group 3 (9.8%) showed recurrence of AF.
The differences between the three groups were statistically
significant (P = 0.001): the difference between Groups 1 and
2 was not statistically significant (P = 0.070), the difference
between Groups 1 and 3 was statistically significant (P <
0.001) (three pairwise comparisons were required, and the
corrected inspection level a = 0.05/3 = 0.0167), and the
difference between Groups 2 and 3 was not statistically
significant (P = 0.058) (see Table 4). Of these recurrent
patients, eight patients (29.6%) in Group 1, 10 patients
(45.5%) in Group 2, and seven patients (46.7%) in Group 3
underwent secondary radiofrequency ablation (RFA). The

Table 4 Comparison of the Number of Cases of Recurrent AF Among 3 Groups

Recurrence No Recurrence Total Recurrence 12 p

Rate

Group | 28 64 92 30.4% 3.249 0.071

Group 2 19 80 99 19.2%

Group | 28 64 92 30.4% 13.071 0.000%*

Group 3 10 92 102 9.8%

Group 2 19 80 99 19.2% 3.586 0.058

Group 3 10 92 102 9.8%

Note: *In this case, pairings should be performed three times, and the calibration test level is = 0.05/3 = 0.0167.
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difference between the three groups was not statistically
significant (P = 0.441).

In terms of postoperative AF free survival time of
patients, the comparison between Groups 1 and 2 revealed
> =4.582 and P = 0.032, the comparison between Groups
1 and 3 revealed y*> = 16.787 and P < 0.001, and the
comparison between Groups 2 and 3 revealed y* = 4.948
and P = 0.026. In this study, the possible factors influen-
cing AF recurrence after the operation—such as AF type,
course of AF, gender, age, body mass index, creatinine-
clearance rate, preoperative left-atrial size, pulmonary
artery pressure, ejection fraction, left-ventricular hypertro-
phy, hypertension, diabetes mellitus, and coronary heart
disease—were used for Cox’s proportional hazard regres-
sion model analysis. A stepwise regression model test
revealed that the difference was statistically significant,
> =32.508, P = 0.019. Study grouping was a risk factor
for recurrence of AF, P = 0.002: compared with Group 3,
the hazard ratio (HR) of AF recurrence in Group 2 was
2.208, 95% confidence interval (CI) (1.008—4.338), P =
0.048, and the HR of AF recurrence in Group 1 was 3.717,
95% CI (1.760-7.850), P = 0.001. The course of AF was
also a risk factor for recurrence of AF: the longer the
course of AF, the higher the risk of AF recurrence, HR =
1.006, 95% CI (1.002-1.010), P = 0.005.

Discussion

Radiofrequency catheter ablation is an effective treatment
for AF, and its cornerstone is persistent and effective PVI.?
The recurrence rate of AF after surgery varies, and the
recovery of PV-LA electrical conduction is the main cause
of the recurrence of AF after ablation. Ensuring the per-
manence and long-term persistence of PVI is the key to
reducing the recurrence of AF.

The process of catheter ablation may, in some patients,
cause only reversible or non-transmural damage to atrial
myocytes. After PVI is achieved, if the observation time is
prolonged, the recovery of PV-LA electrical conduction
can be observed. Some scholars have shown that the
recovery of PV-LA electrical conduction was observed
at 60 minutes or more after PVL.* Cheema et al revealed
in their study’ that, when an observation was made for 60
minutes after PVI, the PV-LA electrical conduction was
recovered in more than 30% of the patients. Ablation was
repeated to achieve PVI, and the success rate of the sur-
gery was significantly higher than that of patients without
observation time after the initial PVI. Although prolonged

observation time after PVI can detect more patients with
recovery of PV-LA electrical conduction, it has not been
determined how long the observation time should be, and
it is obviously unrealistic to require a long observation
time after surgery. At present, the observation time com-
monly used in electrophysiological centers is 30 minutes.
In the present study, patients in group 1 were observed for
30 minutes after the initial PVI. In 28/92 patients (30.4%),
PV-LA electrical conduction between 101 and 378
(26.7%) was seen to recover, and ablation was repeated
until PVI recurred. The success rate of surgery was 69.6%
at 12 months after the operation. This is similar to that
reported in the literature.’®

The Energy of RFA Damages Cells

The resting potential of injured cells is raised to a level
higher than the excitability threshold, rendering the cells
unable to depolarize and conduct. The outward potassium
current activated during the recovery phase of the action
potential of cardiomyocytes is beneficial to the hyperpo-
larization of the cell membrane, maintaining the excitabil-
ity of the cells. This outward potassium current is also
damaged by the ablation energy. However, adenosine can
enhance this outward potassium current, promoting the
hyperpolarization of the cell membrane potential and
maintaining excitability. It can also activate sodium chan-
nels and increase the maximum depolarization rate in
phase 0 of the cellular action potential. However, adeno-
sine cannot restore the excitability of cells that have been
completely or irreversibly damaged. Based on this, after
radiofrequency catheter ablation, adenosine can be used to
locate reversible injuries, allowing re-ablation of these
sites to reduce the recurrence of AF.”®

In the ADVICE®'? study, 534 patients with paroxys-
mal AF undergoing RFA were enrolled and observed for
20 minutes after PVI then injected with adenosine. The
patients were divided into three groups — recovery + abla-
tion, recovery + no ablation, and no recovery — according
to whether or not there was recovery of PV-LA electrical
conduction after the adenosine injection. The patients were
followed up for 12 months after the operation, and the
success rate of the three groups was 69.4%, 42.3%, and
55.7%, respectively.

In their study, Yamane et al'! enrolled 75 patients with
paroxysmal AF. Patients were injected with adenosine and
observed for 30 minutes after the initial PVI, and then
ablation was performed at all sites where it was found that
the electrical conduction between PV and LA had
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recovered. This operation was repeated three times until
90 minutes after the initial PVI. The average follow-up
time after surgery was 370 days, and the success rate of
the operation was 92%.

The first innovation of the current study is that 88
patients (88.9%) with paroxysmal AF and 11 patients
(11.1%) with persistent AF were included in group 2.
Patients with persistent AF who could not maintain sinus
rhythm after the initial PVI + cardioversion were
excluded. Thus, the ablation strategy for patients with
persistent AF and paroxysmal AF was the same. Patients
were injected with adenosine and observed for 30 minutes
after the initial PVI. In 38/99 patients (38.4%), PV-LA
electrical conduction between 125 and 407 (30.7%) was
seen to recover, and ablation was repeated until PVI
recurred. The success rate of the surgery was 80.8% at
12 months after the operation.

However, although prolonged observation time alone
after PVI can detect the recovery of electrical conduction
between more PVs and LA, it has not been determined
how long the observation time should be. Most scholars
believe that it is unrealistic to require a 90-minute obser-
vation time for daily work.> In the present study, the
observation time after the initial PVI was 30 minutes, far
less than that proposed by Yamane et al (90 minutes),
which may be the reason for the success rate of the present
study being lower than that of Yamane et al.

In the present study, a radiofrequency catheter with
pressure sensing and cold saline perfusion obtained from
Johnson & Johnson Company (NJ, USA) was used. Real-
time pressure monitoring can ensure close contact between
the catheter and the tissue during ablation, increasing the
ratio of irreversible cell damage caused by the first abla-
tion. This may be the reason that, in this study, the recov-
ery rate of PV-LA electrical conduction after the initial
PVI was lower while the postoperative success rate was
higher than those seen in the ADVICE study.

However, while the cause of the recovery of PV-LA
electrical conduction after PVI was related to the occult
conduction revealed by the ATP injection, it was also
related to the ablation-end transmural injury of the pul-
monary vein vestibule and heterogeneity caused by the
pulmonary vein muscle sleeve’s extending to the pulmon-
ary vein.'? Therefore, other techniques, such as determin-
ing viable myocardium or potential gaps by pacing along
the PVI line at the distal end of the ablation catheter, need
to be combined'? to reduce the recurrence of AF after PVL.

Detecting excitable gaps by strong electrical stimula-
tion on the ablation line is helpful to achieve the perma-
nent electrical isolation of pulmonary veins. A two-center
prospective randomized controlled study conducted by
Steven et al® revealed that, compared with only aiming
to achieve a two-way block of the pulmonary vein, the
strategy of using pacing on the ablation line (current: 10
mA; pulse width: 2 ms) without capture as an additional
goal can significantly improve the short-term effects of
a single operation (52.0% vs. 82.7%). Kogawa et al
revealed in their study'® that the distribution of latent
conduction sites between PV and LA detected by an injec-
tion of adenosine and pacing capture was not consistent.
This suggests that these two methods may have different
mechanisms for the recovery of latent conduction between
PV and LA. Pedrote et al'® suggested that adenosine pro-
vocation test + pacing capture + supplemental ablation
may help reduce the recurrence of AF.

The second innovation of this study is that patients in
group 3 were injected with adenosine + pacing capture +
observation for 30 minutes after the initial PVI. In 46/102
patients (45.1%), PV-LA electrical conduction between
142 and 417 (34.1%) was seen to recover, and ablation
was repeated until PVI recurred. The success rate of the
surgery was 90.2% at 12 months after the operation. This
suggests that, when patients with paroxysmal AF and
persistent AF receive adenosine injection + pacing capture
+ observation for 30 minutes after the initial PVI and then
undergo ablation again at all sites where PV-LA electrical
conduction is seen to recover, the recurrence rate of AF
after the operation can be significantly reduced.

The third innovation of this study is that the three
methods were compared directly. At the end of the follow-
up period, 12 months after the operation, 28 patients in
group 1 (30.4%), 19 patients in group 2 (19.2%), and 10
patients in group 3 (9.8%) showed a recurrence of AF. The
difference among the three groups was statistically signif-
icant (p = 0.001), the differences between groups 1 and 2
and between groups 2 and 3 were not statistically signifi-
cant, and the difference between groups 1 and 3 was
statistically significant (p < 0.001). The Kaplan—Meier
survival function without atrial tachyarrhythmia (AF, atrial
flutter,
a Breslow (generalized Wilcoxon) test. A pairwise com-

or atrial tachycardia) was investigated with
parison was conducted between the three groups, and the
difference was statistically significant. This suggests that,
compared with the treatment of 30 minutes observation +
supplemental ablation, the treatment of 30 minutes
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observation + injection of adenosine + pacing capture +
supplemental ablation can reduce the recurrence of AF and
prolong the atrial arrhythmia-free survival time. Although
the operation time of the latter was significantly pro-
longed, there was no difference in X-ray exposure time
and exposure dose, and no increase in perioperative
complications.

The fourth innovation of this study is that the possible
factors influencing AF recurrence after operation, such as AF
type, course of AF, gender, age, body mass index, creatinine
clearance rate, preoperative left atrial size, pulmonary artery
pressure, ejection fraction, left ventricular hypertrophy,
hypertension, diabetes mellitus and coronary heart disease,
were used for Cox’s proportional hazard regression model
analysis. It was found that two factors were affecting the
recurrence of AF. The first was the surgical method: com-
pared with group 3, HR of AF recurrence in group 2 was
2.208 (95% CI: 1.008-4.338, p = 0.048), and HR of AF
recurrence in group 1 was 3.717 (95% CI: 1.760-7.850, p =
0.001). The second factor was the course of AF: the longer
the course of AF, the higher the risk of AF recurrence (HR =
1.006, 95% CI: 1.002-1.010, p = 0.005). AF is a progressive
disease, often progressing from paroxysmal AF to persistent
AF. AF can cause atrial remodeling, including electrical
remodeling and structural remodeling. The latter makes AF
more likely to occur and persist. The longer the course of AF,
the more obvious the atrial remodeling, and more changes in
the atrial matrix may be involved in the occurrence and
persistence of AF. Therefore, the course of AF is an impor-
tant factor affecting the recurrence of AF after surgery. This
suggests that RFA should be performed as early as possible
after the diagnosis of AF since, by doing so, the recurrence
rate of AF after surgery can be significantly reduced.

The differences in left atrial size, mean pulmonary
artery pressure, left ventricular ejection fraction, thickness
of the left ventricular posterior wall, and thickness of the
interventricular septum among the three groups were not
statistically significant. One year after the operation, the
echocardiography was re-examined, and the results
revealed that there was no significant difference among
the three groups except in mean pulmonary artery pres-
sure. It is speculated that the decrease in mean pulmonary
artery pressure after the operation may be related to the
sequential contraction of the atrium and ventricle, the
recovery of left atrial systolic function, and the decrease
in left atrial end-systolic pressure in sinus rhythm com-
pared with AF. To gain a clearer understanding of the
mechanism, further research is required.

In summary, for patients with paroxysmal AF, and
some enrolled patients with persistent AF, after PVI, the
endpoint assessment method of 30 minutes observation +
adenosine injection + pacing capture + supplemental abla-
tion can significantly reduce the recurrence rate of AF 12
months after the operation and improve the success rate of
RFA of AF. Although the operation time was significantly
prolonged, there was no difference in X-ray exposure time
and exposure dose, and no increase in perioperative com-
plications. Moreover, there was no change in heart func-
tion, such as left atrial size and left ventricular ejection
fraction. Therefore, as the cornerstone of RFA of AF is
permanent and irreversible PVI, the endpoint assessment
method of 30 minutes observation + adenosine injection +
pacing capture + supplemental ablation is an effective and
safe way to achieve this goal.

This study has the following limitations, however. It
was a single-center study that conducted retrospective data
analysis, and therefore there may be a certain degree of
bias. Multi-center clinical studies with large samples are
needed to obtain data that are more in line with the actual
clinical situation. Furthermore, some patients had transient
asystole after the adenosine injection, and some positions
of PV-LA electrical conduction recovery may have been
missed. For patients with recurrent AF who underwent re-
ablation, there is no accurate comparison of the position of
PV-LA electrical conduction recovery. Therefore, it is
necessary to determine whether all the methods (30 min-
utes observation, adenosine injection, and pacing capture)
can detect the position of PV-LA electrical conduction
recovery, and which order is most beneficial.
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