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Abstract

Background This study evaluated the superiority of single-ring isolation (SRI) over box isolation using high power
in elderly patients with persistent atrial fibrillation (PeAF).

Methods We retrospectively studied elderly patients with PeAF who underwent primary catheter ablation. The
patients were divided into the SRI group and the posterior box isolation (BOXI) group. Basic characteristics, procedural
variables, complications and atrial arrhythmia recurrence rates were collected.

Results Forty-five pairs of patients in the two groups were matched by 1:1 PSM. Compared with that in the BOXI
group, the total procedure time in the SRI group was not significantly different (P=0.340). However, there were signifi-
cant reductions in the total ablation time, ring ablation lesions and number of lesions on the posterior wall in patients
who underwent SRI compared to those who underwent BOXI (all P<0.001). The cardiac troponin level in the SRl
group was significantly lower (P=0.023). There were significantly fewer mismatched three-dimensional mapping
models and mismatched models per patient due to pain-induced movement in the SRI group (all P<0.05). The
questionnaires revealed that the pain score was significantly lower in the SRI group than in the BOXI group (P <0.001).
In addition, significantly fewer patients with SRI than with BOXI experienced gastrointestinal symptoms after the pro-
cedure (15.56% vs. 37.78%, P=0.017). K-M analysis revealed no significant difference in atrial arrhythmia-free survival
at 12 months between the SRl and BOXI patients (P> 0.05).

Conclusions High-power SRl is safe and feasible and may be superior to the BOXI for experience of elderly patients
with PeAF.

Keywords Pulmonary vein isolation, Persistent atrial fibrillation, Single-ring isolation, Box isolation, Gastroesophageal
reflux disease, Recurrence

Introduction

Pulmonary vein isolation (PVI) is the cornerstone for
atrial fibrillation (AF) catheter ablation based on the
crucial observation of electrical triggers of AF in the
pulmonary veins (PVs) [1]. However, PVI alone seems
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the maintenance of AF but also decreases the number of
rotors and multiple wavelets in the anterior wall, infe-
rior wall and left atrium (LA) appendages during PeAF
[4]. Posterior box isolation (BOXI) or single-ring isola-
tion (SRI) can be applied to electrically isolate the PW.
A recent study revealed that posterior BOXI for patients
with PeAF resulted in significant left atrial reverse
remodelling with a high rate of clinical success [5]. How-
ever, the available evidence suggests that BOX abla-
tion can also cause damage to the oesophagus or vagal
branches of the stomach [6, 7] and even catastrophic
complications, such as atrio-oesophageal fistula [8—11].

SRIs are carried out based on physiological principles
to electrically isolate the posterior LA and PVs. This
approach limits the amount of ablation in the posterior
LA, shortens the ablation time and has the potential to
reduce collateral damage to the oesophagus, prevent-
ing the formation of atrial oesophageal fistula [12, 13].
Recently, high power (HP, 40-50 W) has been shown to
create continuous and transmural lesions and has been
demonstrated to be safe and effective in terms of clinical
outcomes and lesion markers compared to conventional
ablation with low power [14]. However, BOX ablation
with HP still causes intractable intraoperative pain and
oesophageal and vagal branch injury, especially in elderly
patients, due to their greater susceptibility to gastroe-
sophageal reflux disease.

To date, the efficacy of SRI ablation with a power
of 40-45 W in elderly patients with PeAF remains
unknown. Therefore, the aim of this study was to deter-
mine the feasibility and safety of SRI with inferior line
sparing at high power for elderly patients with PeAF.

Materials and methods

Study population

A total of 501 consecutive patients with drug-refractory
and symptomatic AF were retrospectively enrolled in
this study. The patients were admitted to our centre and
received first-time RFCA for AF from October 2017 to
February 2023 at Wujin People’s Hospital. The exclusion
criteria included (1) age <65 years; (2) paroxysmal atrial
fibrillation; (3) a history of RECA for AF; (4) other RECA
strategies; (5) duration of atrial fibrillation > 10 years; (6)
left atrial diameter (LAD)>56 mm; and (7) lack of essen-
tial data.

The enrolled patients were divided into the BOXI group
and the SRI group according to the ablation approach
used to treat AF. In the SRI group, patient enrollment
primarily occurred between December 2021 and January
2023. During this period, the SRI procedure for all eligi-
ble patients with PeAF were consistently performed by
two experienced electrophysiologists of our centre.
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Our study protocol was performed in accordance with
the Helsinki Declaration and was approved by the Eth-
ics Committee of Wujin Hospital Affiliated with Jiangsu
University (2023-SR-055).

Variables and definitions

Basic characteristics, including sex, age, body mass index
(BMI), history of hypertension, type 2 diabetes mel-
litus (T2DM), coronary artery disease (CAD), ischae-
mic stroke, left atrium diameter (LAD), left ventricular
ejection fraction (LVEF), and CHA2DS2-VASc score,
were collected from the electronic medical records of all
included patients. Variables of the ablation procedure,
including the total procedure time, total ablation time,
total ablation lesions, initial ring lesions, visual analogue
scale (VAS) score and complications, were collected.
Venous blood samples were obtained from all patients
in a fasting state on the morning following admission.
Plasma lipid parameters, including total cholesterol (TC),
triglyceride (TG), high-density lipoprotein cholesterol
(HDL-C) and low-density lipoprotein cholesterol (LDL-
C), were evaluated using standard techniques. Venous
blood for detecting cardiac troponin (cTnI) was collected
24 h after the procedure.

The VAS score [15] was used to rate pain during entire
ablation process with a 10-cm straight line divided into
10 equal marks, with 0 indicating no pain and 10 indicat-
ing intolerable pain.

Mismatch of three-dimensional (3D) mapping mod-
els was defined as displacement and transient pro-
cedure interruption resulting from pain-induced
body movement.

Catheter ablation procedure
Procedures were performed under conscious sedation
using intravenous fentanyl for anaesthesia. A decapo-
lar catheter (APT Medical, China) was placed in the
coronary sinus. After double transseptal punctures, a
deflectable PentaRay mapping catheter (D128211, Bio-
sense Webster, US) and a 3.5 mm 56-well open irrigated-
tip ablation catheter (Thermocool SE, Biosense Webster,
US) were advanced into the LA for mapping and ablation
via the femoral veins.

3D electroanatomical geometries of the LA and PVs
were reconstructed using the pentaray catheter in con-
junction with the Carto 3 mapping system after selec-
tive PV angiography. Point-by-point PVI was performed
using RF energy and a 3.5 mm 56-well irrigated-tip abla-
tion catheter. Intravenous heparin was administered to
maintain an activated clotting time of 300 to 350 s. Abla-
tion was performed with an interlesion distance <5 mm,
a power of 40—-45 W, a temperature of 43 °C, a flow rate of
15 to 18 mL/min and an ablation index (AI) of 350-380
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Fig. 1 A In addition to PVIs, BOXI involves two linear ablation lines (roof and inferior) connecting the superior and inferior PVs, forming
a box-shaped isolation zone (red dots). B SRI creates a single continuous circular lesion encircling all four PVs and the posterior LA (red dots),
requiring fewer ablation lesions in the posterior LA due to its anatomical efficiency

at the posterior wall and 450-500 at the anterior wall and
roof wall. In addition, continuous infusions of heparin-
ized saline were connected to the transseptal sheaths to
avoid thrombus or air embolism during the procedures.
PVI was performed with ipsilateral PV isolation in
pairs, with an entrance and exit block as the electro-
physiological endpoint [16]. In BOXI ablation, PVIs
were performed first, followed by linear ablation at the
roof and inferior lines connecting the superior and infe-
rior PVs [5]. These lines, combined with bilateral PV
isolation, form a “box” around the posterior left atrium

(LA) (Fig. 1A). The SRI was performed as follows: ante-
rior to right pulmonary veins, roof, left pulmonary
vein ridge, and finally connecting both the inferior PVs
with a V-shaped line. This approach creates a continu-
ous circular ablation line encircling all four PVs and the
posterior LA in a single loop (Fig. 1B).

When bidirectional conduction block was not
achieved, point-by-point activation was performed
to identify the earliest breakthrough with the map-
ping catheter within the ring until all the gaps were
abolished.
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After ablation, if sinus rhythm was not achieved, a
temporary intravenous dose of 1-2 mg of midazolam
was administered, followed by external application of <3
synchronized, biphasic direct current shocks (200 J) to
restore sinus rhythm.

The electrical isolation criteria for PW and PVs
included [17] (1) dissociation or absence of electrical
activity within the ring, (2) the remaining atrium was
not captured during pacing of the PW and PVs in sinus
rhythm, and (3) associated electrical activity in the PW
or PVs was absent when pacing from the coronary sinus
catheter.

Postablation Management and follow-up

Patients were scored for intraoperative pain using the
VAS on the day after the ablation procedure. After the
ablation procedure, intravenous heparin was adminis-
tered for 1 day to all patients, followed by treatment with
warfarin or new oral anticoagulation agents for at least
3 months according to the CHA2DS2-VASc score. All
patients were kept on antiarrhythmic drugs for 1 month
after ablation unless contraindications were present. The
patients were routinely prescribed proton pump inhibi-
tors for 4 weeks after ablation. The patients were followed
up at 1, 3, 6 and 12 months after ablation by the refer-
ring cardiologists. All patients underwent 24-h Holter
recording to determine the incidence of postprocedural
atrial arrhythmia at 3, 6 and 12 months after ablation.
Recurrence was defined as > 30 s of any atrial arrhythmia,
including AF and atrial tachycardia (AT), after a 90-day
blanking period.

Statistical analysis

Statistical analysis was performed using SPSS 25.0. Con-
tinuous variables were expressed as the mean+SD, and
nonnormally distributed variables were expressed as the
median (interquartile range). Categorical variables were
presented as frequencies and percentages. Continuous
variables were compared by Student’s t test, one-way
ANOVA or the nonparametric Mann—Whitney test, as
appropriate. Differences between the two groups were
tested using the chi-square test for categorical variables.
Recurrence rates during the 12-month follow-up were
compared using Kaplan-Meier analysis. PSM was per-
formed to minimize potential confounding variables.
One-to-one nearest-neighbour matching was conducted
using a match tolerance of 0.1. All P values were two-
sided. A P value less than 0.05 was considered to indicate
statistical significance.
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Results

A total of 501 patients underwent RFCA for AF from
October 2017 to February 2023 at our hospital. Based
on the inclusion and exclusion criteria, a total of 141
patients (n=283 for the BOXI group; n=58 for the SRI
group) were enrolled for further analysis (Fig. 2).

Baseline characteristics of the two groups

The present study included patients [(69 (48.94%) males;
73.15+4.96 years)] with highly symptomatic PeAF before
PSM. Some of the differences in the baseline character-
istics between the two groups before and after matching
are summarized in Table 1. There were significant differ-
ences in age and TC and LDL-C levels between the two
groups before matching. In our study, a standardized
mean difference less than 10% demonstrated a sufficient
balance of covariate distribution and high-quality match-
ing between the two groups (Fig. 3). A total of 45 pairs of
patients were successfully matched in the two groups by
1:1 PSM. No significant differences were observed in the
confounding variables between the two groups after PSM
(Fig. 3, Table 1).

Differences in procedure-related variables

between the two groups after PSM

Electroanatomic maps of the LA in posteroanterior
and right lateral views for the two ablation methods are
shown in Fig. 1a and b, respectively. Posterior left atrium
isolation was achieved, and AF was terminated after the
procedure in all patients. The differences in procedure-
related variables between the two groups were examined
and are summarized in Table 2. The total procedure time
did not differ between the SRI group and the BOXI group
(P=0.340). However, the procedure time from the 26th
case to the 45th case in the SRI group was significantly
shorter than that in the BOXI group (186.04+38.69 vs.
224.60+49.79, P=0.004). The total ablation time in
patients who underwent SRI was significantly shorter
than that in patients who underwent BOXI (55.23 £9.93
min vs. 68.97+13.59 min, P<0.001). Notably, the aver-
age ablation time from the 26th case to the 45th case with
SRI was only 47.92+4.43 min. There were significantly
fewer ring ablation lesions in the SRI group than in the
BOXI group (P<0.001). Moreover, the number of lesions
on the posterior wall in the SRI group was significantly
lower than that in the BOXI group (P<0.001). There was
no significant difference in the first pass isolation rate
between the SRI group and the BOX group (71.11% vs.
75.55%, P=0.634). In addition, the c¢Tnl level in the SRI
group was significantly lower than that in the SRI group
(P=0.023). The 3D mapping models were mismatched
due to pain-induced movement in significantly fewer
patients in the SRI group (8.89% vs. 26.67%, P=0.027)
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PeAF patients received
RFCA (n=271)

302 patients for PSAF

Exclude

PeAF patients received
first-time RFCA (n=240)

31 patients for prior AF ablation

Exclude
46 patients for other ablation strategy

Elderly patients with
PeAF received first-time
RFCA (n=141)

PSM(1:1)

AN

42 patients less than 65 years old
11 patients for the lack of essential data

BOXI group (n=45) SRI group (n=45)

Fig. 2 Study flowchart. AF, atrial fibrillation; RFCA, radiofrequency catheter ablation; PsAF, paroxysmal atrial fibrillation; PeAF, persistent atrial
fibrillation; PSM, propensity score matching; BOXI, box isolation; SRI, single-ring isolation

(Table 3). The average number of mismatched 3D map-
ping models per patient was also significantly lower in
the SRI group (P=0.025).

In addition, immediate sinus rhythm was achieved in
15 (33.33%) patients who underwent SRI after ablation
but in only 7 (15.56%) patients who underwent BOXI
(P=0.043). Similarly,<2 synchronized, biphasic direct
current (DC) shocks were used to restore sinus rhythm
in 64 patients: 29 (64.44%) in the SRI group and 35
(77.78%) in the BOXI group. The proportion of patients
who needed DC shocks to terminate AF were signifi-
cantly lower in patients with SRI than in those with BOXI
(P<0.05).

Comparison of procedure-related pain scores

and complications between the matched groups

Pain scores during the procedure were retrospectively
investigated from patients using VAS by the cardiologists
on the day after ablation. The results of the question-
naires revealed that pain scores were significantly lower
in the SRI group than in the BOXI group (3.40+ 1.05 vs.
5.53+1.27, P<0.001).

No major procedure-related complications, includ-
ing death, cardiac perforation, or atrioesophageal fistula,
occurred in any of the study patients. Fever occurred in 7
patients overall; 2 (4.44%) and 5 (11.11%) in the SRI and
BOXI groups, respectively. In addition, 7 patients in the
SRI group (15.56%) and 17 patients in the BOXI group
(37.78%) experienced gastrointestinal symptoms after the
procedure, including chest pain, nausea, and vomiting
(P=0.017) (Table 3).

Atrial arrhythmia-free survival rates

The mean follow-up period was not significantly different
between the SRI group and the BOXI group [13.42 +1.69
months vs. 13.09+1.49 months, P>0.05]. No patients
underwent a second ablation procedure during the
90-day recovery period. At the most recent follow-up
visit, AF recurrence was detected in 6 patients in the SRI
group and 7 patients in the BOXI group. Eight additional
patients with AT in each group were observed. The pat-
tern of atrial arrhythmia—free survival is shown in Fig. 4
by Kaplan—-Meier curves. No significant difference was
noted in atrial arrhythmia-free survival at 12 months for
SRI and BOXI patients (12-month atrial arrhythmia-free
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Table 1 Comparison of patient characteristics between the two groups before and after propensity score matching
Characteristics Before matching After matching

SRI group (n=58) BOXI group (n=83) Pvalue SRl group (n=45) BOXI group (n=45) P value
Age, years 71.28+4.73 7446+4.71 <0.001 72.58+4.52 7293+3.75 0.685
male, n (%) 30(51.72) 39(46.99) 0.580 24(53.33) 23(51.11) 0.833
BMI, kg/m? 24.89+3.70 24.89+3.63 0.990 2495+3.72 2470+3.14 0.728
MAP, mmHg 97.16+£13.14 96.13+13.21 0.650 95.38+13.26 9551+£11.32 0.961
Hypertension, n (%) 40 (68.97) 61(73.49) 0.557 32(71.11) 36 (80.00) 0.327
T2DM, n (%) 16 (27.59) 20 (24.09) 0.640 13(28.89) 12 (26.67) 0.814
CAD, n (%) 8(13.79) 20 (24.09) 0.131 7 (15.56) 9(20.00) 0.581
Stroke, n (%) 8(13.79) 8(9.64) 0444 6(13.33) 5011.01) 0.748
HF, n (%) 34 (58.62) 55(66.27) 0.355 25(55.56) 25 (55.56) 1.000
LAD, mm 44.24+5.08 45.54+4.67 0.119 44844452 44.27+4.36 0.539
LVEF, % 56.64+£9.33 55.67£7.81 0.507 56.02+£9.65 56.42+£6.90 0.822
CHA2DS2-VASc score  3.72+144 3.96+1.40 0324 371+141 3.76+1.38 0.880
GERD, n (%) 12 (20.69) 14(16.87) 0.565 7 (15.56) 8(17.78) 0.777
TC, mmol/L 423+£093 3.84+1.02 0.022 4.04+1.07 4.01£0.83 0.852
TG, mmol/L 1.31(0.88,1.75) 1.29(0.98, 1.86) 0.803 1.22(0.95,1.78) 1.31(0.99,1.76) 0.678
HDL-C, mmol/L 1.38+0.43 127+£0.36 0.103 1.37+£0.46 1.30+£0.37 0479
LDL-C, mmol/L 247+0.72 217+0.75 0.019 228+0.67 232+0.80 0.819
cTnl, ng/ml 0.012(0.012,0.012) 0.012(0.012,0.012) 0.969 0.012(0.012,0.012) 0.012(0.012,0.012) 0.207
NT-proBNP, pg/ml 1030.00 (422.00, 1860.00)  562.50 (427.25,1280.00) 0.111 558.00 (422.50,1130.00)  977.99 (372.50, 1850.00)  0.272

Values are presented as the mean + SD, median (interquartile range), or number (%)

A P value <0.05 was considered to indicate statistical significance

BMI Body mass index, MAP Mean arterial pressure, T2DM Type 2 diabetes mellitus, CAD Coronary artery disease, HF Heart failure, LAD Left atrium diameter, LVEF Left
ventricular ejection fraction, CHA2DS2-VASc score Stroke risk score, GERD Gastroesophageal reflux disease, TC Total cholesterol, TG triglyceride, HDL-C High-density
lipoprotein cholesterol, LDL-C Low-density lipoprotein cholesterol, cTn/ Cardiac troponin |, NT-proBNP N-terminal pro-B type natriuretic peptide

survival: 75.6% [73.2%-86.7] for SRI vs. 73.3% [71.1%-
91.1%] for BOXI; P> 0.05) (Fig. 4).

Discussion
In this single-centre, retrospective study, we investigated
differences between SRI and BOXI with high power
in elderly patients with PeAF in terms of efficacy and
safety. There were four key findings. First, the total abla-
tion time, number of ablation lesions and extent of myo-
cardial injury in the SRI group were significantly lower
than those in the BOXI group. Second, the proportion of
patients with immediate sinus rhythm was significantly
greater in the SRI group during the ablation procedure.
Third, a significant reduction in procedure-related gas-
trointestinal symptoms, pain scores and mismatched 3D
mapping models due to pain-induced movement was
observed in patients who underwent SRI compared to
those who underwent BOXI. Fourth, the 12-month atrial
arrhythmia recurrence rate did not differ significantly
between the two groups. The study design and main find-
ings were showed in the Central illustration (Fig. 5).

The prevalence of gastroesophageal disorders, such
as gastroesophageal reflux disease (GERD), has been

reported to markedly increase with age [18]. A previ-
ous study showed that the incidence of GERD was as
high as 23% in elderly residents of American nursing
facilities [19]. GERD was reported to be associated with
oesophageal injury after RFCA [12]. Therefore, reduced
ablation of the PW in elderly patients may be an impor-
tant strategy to avoid oesophageal injury. Similarly, in
our study of elderly patients with AF, there was also a
high rate of GERD (16.67%). Therefore, greater concern
regarding oesophageal injury in PW ablation should be
directed towards this patient population. Previous stud-
ies have demonstrated that the SRI plays an important
role in decreasing the ablation time [12, 13]. The find-
ings of the present study align with this, as the ablation
time of the SRI group was significantly shorter than that
of the BOXI group (P<0.001). Compared with the BOXI
technique, the SRI technique eliminates the need to cre-
ate two additional ablation lines between the roof and
inferior aspects of the posterior wall. This results in a sig-
nificant reduction in total posterior wall ablation lesions
(SRIL: 17.78 £4.88 vs. BOXI: 40.16 +10.24; P<0.001). The
reduced lesion count in SRI aligns with its physiological
design to isolate the PVs and posterior LA with a single,
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Fig. 3 The clinical baseline data of 19 confounding variables before and after matching between the two groups. LAD, left atrium diameter; TC,
total cholesterol; LDL-C, low-density lipoprotein cholesterol; cTnl, cardiac troponin; BMI, body mass index; MAP, mean arterial pressure; EH, essential
hypertension; D2M, type 2 diabetes mellitus; CAD, coronary artery disease; HF, heart failure; NT-proBNP, N-terminal pro-B type natriuretic peptide;
GERD, gastroesophageal reflux disease; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LVEF, left ventricular ejection fraction

contiguous line rather than multiple interconnected lines,
potentially lowering the risk of esophageal injury associ-
ated with energy delivery near the esophagus.
Nevertheless, regarding total procedure time, our
results failed to show a significant difference between the
groups. These results are similar to those of a previous

report in which PVI was achieved with a similar pro-
cedure time [20]. It is difficult for inexperienced opera-
tors to achieve the isolation of PVs and PW by a single
ring without additional segmental lesions within the
ring, which may increase the procedural time. Some
anatomical considerations for successful SRI should be
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Table 2 Procedural characteristics of the matched groups

Variables SRI group (n=45) BOXI group (n=45) P value
Procedure time, min 210.00+47.70 220.16+52.54 0.340
Procedure time (from the 26th case to the 45th 186.04+38.69 224.60+49.79 0.004
case), min

Total ablation time, min 55.23+9.93 68.97 +£13.59 <0.001
Ablation time (from the 26th case to the 45th case), 47.92+4.43 66.08+10.46 <0.001
min

Total ablation lesions 104.20+14.79 126.73+£18.66 <0.001
Ablation lesions of PW 17.78+4.88 40.16+£10.24 <0.001
First pass isolation rate, n (%) 32(71.11) 34 (75.56) 0.634
Immediate sinus rhythm 14 (31.11) 6(13.33) 0.043
DC shocks, n (%) 31 (68.89) 39 (86.67) 0.043
Number of DC shocks 093+0.54 069+0.51 0.030
cTnl, (ng/ml) 2.54+0.99 2.06+0.98 0.023
Values are presented as the mean £ SD, median (interquartile range), or number (%)

A Pvalue <0.05 was considered to indicate statistical significance

PW Posterior wall, DC Direct current, cTn/ Cardiac troponin |

Table 3 Comparison of procedure-related pain scores and complications between the matched groups

Variables SRI group (n=45) BOXI group (n=45) P value
VAS score 3.40+1.05 553+1.27 <0.001
Mismatch of 3D mapping models due to pain-induced movement, n (%) 4 (8.89%) 12 (26.67%) 0.027
Number of mismatched 3D mapping models per patient due to pain-induced 0(0,0) 00,1 0.025
movement

Gastrointestinal symptoms, n (%) 7 (15.56) 17(37.78) 0.017
Fever, n (%) 2 (444) 5011.11) 0434
Death, n (%) 0 -
atrioesophageal fistula, n (%) 0 -
cardiac perforation, n (%) 0 -

Values are presented as the mean +SD, median (interquartile range), or number (%)

A Pvalue <0.05 was considered to indicate statistical significance

VAS Visual analogue scale, 3D three-dimensional

considered. The left atrial diverticulum, a characteris-
tic anatomical structure of the LA, is often adjacent to
the right superior pulmonary vein. However, due to the
insertions of fibres from the epicardium, achieving SRI
may pose challenges if the roof line is anterior to the
diverticulum. In addition, an anterior roof line may trans-
versely cross the Bachmann bundle, causing difficulties
in achieving SRI and requiring additional ablation within
the ring. Ablation along the inferior line is recommended
as the final step. With robust anterior wall and top line
ablation, the PW may only require minimal ablation,
such as inferior line sparing, to achieve overall isolation
of the pulmonary veins and PW, which can significantly
reduce oesophageal injury [21]. In our study, the oppor-
tunity to practice this technique more (>20 patients)

may have improved the efficiency of SRI and reduced the
procedural time, which is evident from the fact that the
procedure time for the last 25 patients in the SRI group
was significantly shorter than that in the BOXI group
(186.04+38.69 min vs. 224.60+49.79 min, P=0.004).
Hence, the SRI may be superior in terms of total proce-
dure time for the majority of elderly patients, especially
for elderly patients with poor surgical tolerance.

Patients who undergo AF ablation often experience
pain, especially during PW ablation. Even with the use
of morphine and fentanyl for analgesia, some elderly
patients still experience intolerable pain, which not only
greatly reduces the comfort and satisfaction of patients
with the operation but also interrupts the procedure due
to the mismatch of the 3D model caused by movement,
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resulting in insufficient local ablation and increased pro-
cedural time, thereby increasing the risk of recurrence.
General anaesthesia-based AF catheter ablation is an
ideal method, but it is difficult to implement in many
centres due to the lack of anaesthesiologists. Therefore,
the SRI with minimal PW ablation is the best option.
We evaluated the patients’ experience during the pro-
cedure using retrospective VAS questionnaires. The
results showed that elderly patients in the SRI group had
lower VAS than those in the BOXI group (3.40+1.05 vs.
5.53+1.27, P<0.001), suggesting greater procedural com-
fort and satisfaction, which may enhance the overall abla-
tion experience.

During AF catheter ablation, ¢cInl may increase,
reflecting the extent and scope of myocardial injury
caused by ablation. Our study showed that troponin I lev-
els were significantly lower in the SRI group than those in
the BOXI group at 24 h postablation (2.54+0.99 ng/ml
vs. 2.06£0.98 ng/ml, P=0.023), which indicates that
SRI is associated with less myocardial injury of PW and
potential oesophageal injury than the BOXIL.

The high-power short-duration (HPSD) ablation
strategy comprises the use of higher RECA power (>40
W) and a shorter duration (5-15 s) of each RF energy

application, and HPSD ablation results in larger lesion
diameters and smaller lesion depths than conventional
(20-35 W, 10-30 s) applications [22]. High-power abla-
tion was previously associated with better procedural
effectiveness than conventional RFCA with low power
[23]. Currently, there are relatively few reports on the
use of HPSD ablation for SRI in elderly patients. Our
study revealed that SRI combined with HPSD demon-
strated greater effectiveness in restoring sinus rhythm
than did BOXI alone. Moreover, the proportion of DC
shocks to terminate atrial arrhythmia in patients who
underwent SRI was significantly lower than that in
patients who underwent BOXI (P=0.043). Obviously,
the SRI procedure with HPSD was more effective and
comfortable for elderly patients. The mechanism for
the higher percentage of immediate sinus rhythm in
patients with SRI is unclear. A possible explanation is
that with the intervention of left atrial substrates in the
same range, less PW injury and pain stimulation dur-
ing HPSD ablation may reduce the secretion of adren-
ergic hormones and stimulation of peripheral ganglia
of the heart, lower neural excitability, prolong the effec-
tive refractory period of atrial muscle, and improve
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Fig. 5 Central lllustration. Compared with BOXI, there were significant reductions in the total ablation time (A), VAS score (B) and number
of mismatched 3D mapping models per patient due to pain-induced movement (C) in SRI. ***, P<0.001; *, P< 0.05; BOXI= posterior box isolation;

SRI=single-ring isolation; PeAF = persistent atrial fibrillation; RFCA =radiofrequency catheter ablation; PSM = propensity score matching
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electrical remodelling of atrial muscle so that AF can-
not be maintained.

Prior studies have suggested that fever (73%), neuro-
logical (72%), gastrointestinal (41%), and cardiac (40%)
symptoms are the most common adverse events that
occur between 0 and 60 days postablation (median 21
days). Moreover, atrioesophageal fistula complicating
AF ablation is associated with high mortality [24]. In our
study, radiofrequency energy was applied at each point
with a power of 40—45 W around the PV and near the
oesophagus. No major procedure-related complications,
including death, cardiac perforation, or atrioesophageal
fistula, occurred in any of the study patients. In addition,
compared with those in the BOXI group, procedure-
related gastrointestinal symptoms were reduced in the
SRI group after ablation (15.56% vs. 37.78%, P=0.017),
which may be attributed to fewer PW interventions and
oesophageal injury, highlighting the superiority of SRI.
Overall, the above results suggest that it is safe to isolate
the pulmonary veins and posterior left atrium with the
SRI technique using high power in elderly patients.

Long-term results after pulmonary vein isolation have
demonstrated high rates of recurrent arrhythmia after
ablation procedures. The arrhythmia-free survival rates
after catheter ablation procedures were 40%, 37%, and
29% after 1, 2, and 5 years, respectively [25]. A meta-
analysis revealed that wider isolation techniques had
lower recurrence rates than did ostial isolation in both
paroxysmal and persistent AF patients [26]. In addi-
tion, Lim et al. [27] reported the superiority of SRI over
wide antral pulmonary vein isolation regarding AF
recurrence in patients with symptomatic AF (61% par-
oxysmal, 39% persistent/longstanding persistent). They
showed that AF-free survival at 2 years was better after
single-ring isolation (74% [95% CI, 65%-82%]) than
wide antral isolation (61% [51%—70%]; P=0.031). Our
research was based on the comparison of the long-term
outcomes of two ablation approaches with the same
electrical isolation range. K-M analysis revealed that
the SRI did not improve AF-free survival or AT-free sur-
vival at 12 months (atrial arrhythmia-free survival: 75.6%
[73.2%-86.7%] for SRI vs. 73.3% [71.1%-91.1%] for BOXI,
P>0.05). One explanation for this difference is that the
proportion of PeAF significantly differed between our
study and the study by Lim et al. (100% vs. 39%, P<0.01).
Wide antral pulmonary vein isolation may not be suffi-
cient for PeAF, and other ablation strategies are needed,
such as posterior box isolation and substrate and trig-
ger ablation [28]. The posterior wall of the LA is isolated
in the SRI, which reduces the critical substrate for the
maintenance of PeAF and may improve the outcome [4].
However, in our study, the scope of LA isolation was the
same between SRI and BOXI, indicating that the areas
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of ablation targeted to eliminate triggers and substrates
for AF maintenance were also the same. This may be the
reason for the lack of a significant difference in long-term
efficacy between our two isolation methods. Further-
more, the patients in our study were followed for a rela-
tively short period.

There are several limitations to this study that need to
be considered. First, owing to the small sample size and
retrospective nature of the study, our results could be
biased even if PSM was performed to adjust for between-
group differences in the baseline data. Second, gastro-
intestinal symptoms were not sufficient to evaluate the
difference in oesophageal injury between the SRI and
BOXI groups. Oesophageal temperature monitoring may
demonstrate the advantages of SRI over BOXI. Third,
the 12-month follow-up period was relatively short, and
there were no long-term outcomes. Fourth, in our study,
the VAS score assessed pain throughout the entire abla-
tion process, not just during posterior wall ablation.
It is well known that the patients’ pain during the abla-
tion mainly occurred during the intervention for poste-
rior wall, especially in the lower posterior wall region of
the left and right pulmonary veins. Certainly, we cannot
overlook that a small subset of patients may experience
maximum pain at times other than during posterior
wall ablation. Capturing the patient’s pain score dur-
ing the posterior wall ablation procedure would yield
more accurate data and enhance its persuasive value.
Finally, because AF recurrence was assessed on the
basis of symptoms and 24-h Holter, the occurrence of
atrial arrhythmia may have been missed. Daily self-pulse
checks, 7-day Holter monitoring and wearable monitor-
ing devices should be used to evaluate AF recurrence in
future studies.

In conclusion, this study demonstrates, for the first
time, that an SRI ablation strategy with high power could
be more efficient and safer for most elderly patients with
PeAF than a BOXI ablation strategy. Our data provide a
practical method of RFCA in elderly patients with PeAF,
but future long-term investigations with larger sample
sizes are necessary to confirm our findings.
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