@ E S C European Heart Journal Open (2025) 5, oeaf088 ORIGINAL ARTICLE

European Society https://doi.org/10.1093/ehjopen/oeaf088 i i
of Cardiolooy P g jop Arrhythmia and electrophysiology

High-frequency low-tidal volume ventilation
improves long-term success in radiofrequency
catheter ablation of atrial fibrillation:

a meta-analysis

Yap-Hang Will Chan © %%, Hoi-Ying Li © ', Hung-Fat Tse © "¢,
and Claire A. Martin ©® >7*

"Division of Cardiology, Department of Medicine, School of Clinical Medicine, The University of Hong Kong, Queen Mary Hospital, Hong Kong SAR, China; 2Department of Cardiology,
Royal Papworth Hospital, Cambridge Biomedical Campus, Cambridge CB2 0AY, UK; *Visiting Fellowship, Hughes Hall, University of Cambridge, Cambridge CB1 2EW, UK; *Division of
Experimental Medicine and Immunotherapeutics, Cambridge University Hospitals NHS Foundation Trust, University of Cambridge, Cambridge CB2 0QQ, UK; ®Institute of Cardiovascular
Science and Medicine, The University of Hong Kong, Hong Kong SAR, China; 6Depar‘tment of Medicine, Shenzhen Hong Kong University Hospital, Shenzhen, 518053, China; and
"Department of Clinical Medicine, University of Cambridge, Cambridge CB2 0SP, UK

Received 6 March 2025; revised 12 June 2025; accepted 24 June 2025; online publish-ahead-of-print 2 July 2025

Handling Editor: Emmanouil Charitakis

Aims High-frequency low-tidal volume (HFLTV) ventilation may improve catheter stability and enhance procedural success in
radiofrequency (RF) catheter ablation of atrial fibrillation (AF). Long-term findings remained unclear.

Methods We conducted a meta-analysis that included all studies that directly compared AF patients who underwent RF ablation un-
and results der HFLTV compared with standard ventilation. Primary outcomes included acute first-pass pulmonary vein isolation (PVI)
and long-term recurrence of AF/atrial arrhythmias after 12 months. Secondary outcomes included total procedure duration,
ablation time, and RF time, with pooled standardized mean difference derived using the inverse variance method. Five cohort
studies (publication period: 2019-2024) were identified and included in the meta-analysis (final sample: HFLTV n =460 vs.
standard ventilation n = 705). High-frequency low-tidal volume ventilation was significantly associated with lower risk of AF
recurrence after 12 months {pooled odds ratio (OR) = 0.62 [95% confidence interval (Cl): 0.42-0.92]}, as well as total atrial
arrhythmia [OR = 0.59 (95% Cl: 0.42-0.81)], with no between-study heterogeneity (I = 0%). Acutely, HFLTV was asso-
ciated with higher probability of first-pass PVI with borderline statistical significance [OR =1.24 (95% Cl: 0.94-1.63)].
Furthermore, HFLTV was associated with significant reductions in total procedure time [-0.71 (95% ClI: —1.00 to
—0.42), unit in standard deviation], ablation time [-0.83 (95% Cl: —1.07 to —0.59)], and total RF time [-0.72 (95%
Cl: —0.85 to —0.59)] (heterogeneity I> = 76%). Notably, there was no effect modification by paroxysmal or persistent
AF (P> 0.05). All studies reported no major complications in either group.

Conclusion High-frequency low-tidal volume ventilation is associated with improved long-term success of arrhythmia control in AF pa-
tients who undergo RF catheter ablation, regardless of paroxysmal or persistent status.

* Corresponding authors. Tel: +852 2255 6382, Email: chanwill@hku.hk (Y.-HW.C.); Tel: +44 01223 638818, Email: claire.martin22@nhs.net (C.A.M.)

© The Author(s) 2025. Published by Oxford University Press on behalf of the European Society of Cardiology.

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (https://creativecommons.org/licenses/by-nc/4.0/), which permits
non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact reprints@oup.com for reprints and
translation rights for reprints. All other permissions can be obtained through our RightsLink service via the Permissions link on the article page on our site—for further information please contact
journals.permissions@oup.com.

Gz0z Jaqualdas g uo Jesn Buoyl BuoH 1o Ausisaiun Aq 649281 8/8801880//S/ao1ue/uadolys/woo dnooiwapese//:sdiy woll papeojumoq


https://orcid.org/0000-0001-5384-8468
https://orcid.org/0009-0006-4049-0915
https://orcid.org/0000-0002-9578-7808
https://orcid.org/0000-0002-4143-6308
mailto:chanwill@hku.hk
mailto:claire.martin22@nhs.net
https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1093/ehjopen/oeaf088

Y.-H.W. Chan et dal.

Graphical Abstract

Radiofrequency Ablation:
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HFLTV Ventilation

Standard Ventilation

e AF recurrence at 12 months |

e Atrial arrhythmia recurrence at 12 months |
¢ Procedure time, RF time and ablation time |
e Potentially T First pass isolation

What’s new?

* High-frequency low-tidal volume ventilation is associated with im-
proved long-term success of arrhythmia control in atrial fibrillation
(AF) patients who undergo radiofrequency (RF) catheter ablation.

* Such effects are similar for paroxysmal or persistent AF.

* High-frequency low-tidal volume ventilation is also associated with
improved procedural efficiency, without any significant impact on
complication rates.

Introduction

Catheter ablation is an established and effective treatment for patients
with atrial fibrillation (AF)." Despite emerging strategies and interests in
the ablation of various novel substrates, pulmonary vein isolation (PVI)
has remained the overarching therapeutic backbone that underpins the
clinical effectiveness of AF ablation. Nevertheless, improved success
rates of AF ablation have generally plateaued in recent years, averaging
in the range of 64-66% by a single procedure for paroxysmal AF using
various technologies.z'3 Corresponding estimates for persistent AF are
lower.>*

Despite newer forms of ablation technologies beyond conventional
thermal ablation, such as pulsed field ablation, any tangible improve-
ment in the clinical effectiveness of AF ablation remains unclear.
On the other hand, effective and cost-saving strategies that enhance
the impact of existing ablation energy forms to achieve durable PVI
are gaining attention. One example is the use of general anaesthesia,
which has been shown to reduce pulmonary vein reconnections after
PVI® and improve both clinical and economical effectiveness in AF
ablation.”

Various ventilation strategies have been studied in recent years to
enhance success rates of AF ablation. These include jet ventilation®’
and prolonged apnoeic ventilation.'® However, each of these ventila-
tory approaches has its own drawback. The high-frequency low-tidal
volume (HFLTYV) ventilation strategy was designed to reduce thoracic
excursions during AF ablation, using standard equipment at no extra
costs or manpower implications. Furthermore, it does not cause any
significant interruption to procedural flow. It was shown in several stud-
ies that HFLTV ventilation enhanced catheter contact force'" and sta-
bility"* and resulted in favourable ablation lesional characteristics."®
These may in turn promote greater durability of PVI. It may also short-
en ablation and procedural time whilst not affecting risk of complica-
tions."*'> Nevertheless, previous studies typically comprised small
study samples. Importantly, the overall longer-term clinical efficacy in
terms of AF recurrence at 12 months was uncertain.
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Ventilation strategy in atrial fibrillation ablation

Here, we hypothesize that HFLTV, compared with standard ventila-
tion, may enhance overall clinical success rates of AF ablation both
acutely and at 12 months and improve procedural efficiency. The pre-
sent manuscript provides a meta-analysis of all currently available litera-
ture to date.

Methods

Search strategy and study selection

A systematic review and meta-analysis was performed according to the
PRISMA guidelines to compare the outcomes of AF ablation procedures
performed under HFLTV compared with standard ventilation (SV).
‘HFLTV’, ‘low-tidal volume ventilation’, ‘high respiratory rate’, ‘atrial fibrilla-
tion ablation’, and ‘AF ablation’ were used as the keywords in the search
process. There were no restrictions on publication year due to the limited
number of studies. The inclusion criteria of the studies included any rando-
mized controlled trials, cohort studies, and case—control studies that com-
pared outcomes of AF ablation under HFLTV with SV and reported at least
one relevant outcome. Exclusion criteria included duplication of patient
samples, non-AF patients, and performing AF ablation under other ventila-
tion strategies. The literature search was performed on PubMed, Scopus,
Web of Science, and Embase, with the last search conducted on 2
January 2025.

One investigator collected procedural and long-term outcomes data, in-
cluding first-pass PVI, procedure time, ablation time, total radiofrequency
(RF) time, and recurrence of atrial arrhythmias and AF after 12 months
(H.-Y.L). These were independently verified by a senior investigator
(Y.-HW.C)). Procedure time was defined as the duration from the initial
femoral puncture to the removal of the catheter; ablation time was mea-
sured from the first to the last PVI lesion that achieved bidirectional block;
RF time refers to the time that RF energy was applied."" Baseline character-
istics in both treatment and control groups were also collected and
compared.

The primary outcomes were defined as long-term and acute success of
AF ablation, namely, recurrence of AF/all atrial arrhythmias at 12 months
and acute first-pass PVI. Secondary outcomes were procedural efficiency
indicated by procedure time, total ablation time, and RF time.

As this is a meta-analysis on prior published literature, no direct patient
clinical contact was needed or possible. Therefore, there was no require-
ment for ethics committee approval.

Definition of ventilation methods

High-frequency low-tidal volume ventilation from the reported studies had
adopted either a weight-adjusted setting (3—4 mL/kg) at 25-30 ventilations/
min or a standardized rate of 200-250 mL at 40-50 ventilations/min. In
comparison, the standard ventilation was in the range of 6-10 mL/kg at
10-15 ventilations/min.

Statistical analysis

All analyses used the ‘meta’ and ‘metafor’ packages in RStudio version
2024.04.2+764. Baseline characteristics between the HFLTV and SV groups
were compared, including age, gender, body mass index (BMI),
CHA,DS,-VASc score, left ventricle ejection fraction, sleep apnoea, hyper-
tension, and diabetes. Between-group standardized mean difference (SMD)
and odds ratio (OR) were used to evaluate the baseline difference of con-
tinuous variables and categorical variables among the treatment and control
groups, respectively.

Primary and secondary outcomes in the HFLTV vs. control groups were
compared. The Mantel-Haenszel method was used to calculate the pooled
OR for the primary outcomes (recurrence of AF and all atrial arrhythmias
after 12 months and first-pass PVI). Pooled SMDs were derived using
the inverse variance method for continuous outcomes (procedure time, ab-
lation time, and RF time). The median and interquartile ranges (IQRs) were
transformed into mean and standard deviation (SD) according to
Wan et al."® for comparison. Heterogeneity between studies was evaluated
using the % statistic and Cochran’s Q test, with [*>50% suggesting a
significant heterogeneity and 1> < 50% indicating a low heterogeneity.
Random-effects models were used when the outcomes showed significant

heterogeneity, and the DerSimonian—Laird method was used to calculate
the between-study variance (%). Fixed-effect models were used when het-
erogeneity was low.

Forest plots were drawn to visualize the effects of each outcome.
Publication bias evaluation and meta-regressions have not been done as
the number of studies included was <10. Sensitivity analysis was conducted
using the leave-one-out method when the outcome’s heterogeneity was
high. A priori defined subgroup analyses were performed for differences
in treatment effects between paroxysmal AF (PAF) and persistent AF
(PeAF) patients. A x* test was used to study any differences between
two groups.

Results

A total of 92 records resulted after medical database searching. After
removing 29 duplicated papers, studies were included in the title and
abstract screening. Full-text screening was later conducted on seven
studies, and two studies were excluded due to overlapping cohorts;
five cohort studies published between 2019 and 2024 were included
in the final meta-analysis (Figure 1).""">7 A summary of the included
studies is presented in Table 1. The ablation procedure and ventilation
method of each study are presented in Table 2.

A total of 460 patients in the treatment group and 705 patients in the
control group were included in the analysis. Most of the studies were
from the USA, and one was from Brazil. Two studies were from the
same author group; one included exclusively patients with PAF," whilst
the other included patients with PeAF."* All the included studies are co-
hort studies, as no randomized controlled trials were undertaken on
the topic.

Baseline characteristics of the final sample

Most of the studies presented the baseline characteristics of the pa-
tients, except for Gabriels et al"* where there was limited informa-
tion. However, it was stated that there were no differences in the
demographics of treatment and control groups. The other four stud-
ies were included in the baseline characteristics analysis (Table 3). The
BMI of the HFLTV group was slightly lower with SMD —0.14 [95%
confidence interval (Cl): —0.26 to —0.02]. The CHA,DS,-VASc score
and hypertension comorbidity were slightly higher in the HFLTV
group with SMD 0.17 (95% ClI: 0.05-0.29) and OR 143 (95% CI:
1.09-1.86), respectively. Other baseline data had no significant
differences.

High-frequency low-tidal volume
ventilation improves long-term rhythm
control in atrial fibrillation ablation at 12
months

Four and three studies had reported the recurrence of all atrial arrhyth-
mias and AF, respectively, after 12 months. The recurrence rates for AF
were 12% (41/355) for HFLTV vs. 17% (102/604) for SV. Recurrence
rates for atrial arrhythmias were 16% (65/416) for HFLTV vs. 23%
(153/661) for SV.

High-frequency low-tidal volume ventilation was associated with a
statistically significantly lower risk of all atrial arrhythmia recurrence
at 12 months (pooled OR =0.59, 95% ClI: 0.42-0.81). No heterogen-
eity was noted among studies (/> = 0%). Similarly, there was a statistic-
ally significantly lower risk of AF recurrence (pooled OR =0.62, 95%
Cl: 0.42-0.92), suggesting 38% reduced odds of AF at 12 months
with HFLTV compared with SV. There was no heterogeneity among
studies (I> = 0%) (Figure 2). The results indicated that using HFLTV sig-
nificantly reduced the recurrence of all atrial arrhythmia and AF 12
months post-ablation.
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Records identified
through database
searching (n=92)

Duplicated records

PubMed (n=22)
Scopus (n=2)
Web of Science (n=55)
Embase (n=13)

!

Title/ Abstract Screen

removed (n=29)

Records removed after
title/ abstract screen

(n=63)

}

(n=56)

Records removed after

Full text screen (n=7)

'

Studies included in the
meta-analysis (n=5)

Figure 1 Study flowchart.

High-frequency low-tidal volume
ventilation and first-pass pulmonary vein

isolation

The proportion of first-pass PVI was reported by four studies (Figure 2),
with a pooled OR of 1.24 (95% Cl: 0.94-1.63) and no heterogeneity
among studies (I = 0%). Although the risk estimate was not statistically
significant at 95% Cl, there was a trend towards higher success rate of
first-pass PVI. Of note, Osorio et al.”® had reported a higher proportion
of first-pass PVl with HFLTV in their study, when differences were ana-
lysed differently using the y* test.

High-frequency low-tidal volume
ventilation improves procedural efficiency
in atrial fibrillation ablation

Procedure time and total RF time were reported by four studies, and
ablation time was reported by three studies (Figure 3). All included stud-
ies showed statistically significant reductions in the procedure, ablation,
and total RF time by using HFLTV vs. SV. The pooled effects of HFLTV
(in SMD) were —0.71 (95% Cl: —1.00 to —0.42), —0.83 (95% ClI: —1.07
to —0.59), and —0.72 (95% Cl: —0.85 to —0.59) for procedure time,
ablation time, and total RF time, respectively. The heterogeneity of
procedure time difference between studies was large (I =76%).
Translated into quantity time, HFLTV was associated with significant re-
ductions in the mean total procedure time of —23.0 min (95% CI: —31.0
to —15.1 min), ablation time of —13.1 min (95% Cl: —23.3 to —2.9), and
total RF time of —5.8 min (95% CI: —6.7 to —4.8).

All studies reported that there were no major complications in either
group."?#5611=1317 Osorio et al. (2023)° and Osorio et al. (2024)* also
reported that there was no CO, retention observed.

» full text screen (n=2)
due to duplicated
patient cohorts

Sensitivity analysis

Leave-one-out analyses were performed to assess the robustness of
the findings on procedure time due to the high heterogeneity. After
taking out each study at a time, the pooled SMD remained statistically
significant, suggesting no dominated influence from any single study.
Subgroup analyses were also performed according to the type of AF
(PAF vs. PeAF). As shown in Figure 4, there were no statistically signifi-
cant differences between PAF vs. PeAF in terms of the impact of
HFLTV on the primary and secondary outcomes (all P-values for
between-group comparisons > 0.05). Furthermore, follow-up periods
also showed variations for each included study: Vassallo et al,”® mean
follow-up of 15.2 + 4.4 months; Gabriels et al.,'> median follow-up of
10 months (IQR: 8-13 months); Osorio et al.,15 12 months of follow-
up; Osorio et al,'® at least 12 months of follow-up; and Qian et al,"’
12 months follow-up. Nevertheless, there was no heterogeneity in
terms of clinical endpoints of arrhythmia recurrence at 12 months.
Risk of Bias Assessment using the Newcastle-Ottawa Scale showed
that the risk of bias for each study was low or moderate (Figure 5).

Discussion

To our knowledge, this is the first meta-analysis to date that investi-
gated the role of HFLTV ventilation compared with SV in AF patients
who undergo RF catheter ablation. Our results indicated that HFLTYV,
compared with SV, was associated with significantly better long-term
outcomes in AF ablation, indicated by reduced recurrence of AF and
all atrial arrhythmias at 12 months post-ablation (Graphical Abstract).
Furthermore, HFLTV was also associated with improved procedural ef-
ficiency, reflected by reductions in total procedural, ablation, and RF
time (saving 23, 13, and 5.8 min, respectively, compared with SV).
Such magnitudes of reductions in procedural time were tangible and
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Table 2 Ablation and ventilation strategies

sV

Lesion marker/algorithm HFLTV

Ablation power

Contact

Ablation

Ablation catheter

Study

RR (per

vr

min)

RR (per

vr

force

index

min)

10-12

6-8 mL/kg

25-30

3-3.5 mlkg

Point-by-point with VISITAG

10-20g HPSD ablation

500-550 (A)
380-420 (P)

Osorio et al.™  ThermoCool SmartTouch

SURPOINT®
Point-by-point with VISITAG

(power 40-50 W; <20 s/lesion)

HPSD ablation

SurroundFlow®CF-sensing

ThermoCool SmartTouch

10-12

6-8 mlL/kg

25-30

3-3.5 mlkg

g

10

450-500 (A)
400-450 (P)
NS

Qian et al."

SURPOINT®
Dragging technique with perpetual

(power 40-50 W; <20 s/lesion)

HPSD ablation

SurroundFlow®CF-sensing

Vassallo et al.”> NS

12-14

6-10 ml/kg

25

4 ml/kg

10-20 g (A)
5-10g (P)
10-20 g

radiofrequency delivery
Point-by-point with VISITAG

(50 W at all sites)
40-50 W

10-12

6-8 mL/kg

25-30

3-3.5 mlkg

500-550 (A)
380-420 (P)

ThermoCool SmartTouch

Osorio et al.™

SURPOINT®

NS

SurroundFlow®CF-sensing
Gabriels et al.'* (ThermoCool) SmartTouch D/F-curve NS

14-15

6-8 mL/kg

40-50

200-250 mL

NS

10-40 g

Impedance drop:

5-10Q

A, anterior; P, posterior; NS, not specified; HFLTV, high-frequency low-tidal volume ventilation; HPSD, high-power, short-duration; RR, respiratory rate; SV, standard ventilation; V7, tidal volume.

Table 3 Baseline characteristics

HFLTV (n=416) SV (n=661) P-value

Age (year) 65.65 + 11.08 6479 +11.14  0.2237
Male 56.25% 58.85% 0.1586
BMI 29.52 +6.39 3047 +689  0.0271%
CHA,DS,-VASc score 271+159 243+152  0.0075%
LVEF (%) 56.86 +8.67 5757 +9.67 0.0688
Sleep apnoea 43.75% 44.63% 0.9577
Hypertension 67.55% 57.94% 0.009*
Diabetes 14.90% 17.55% 0.1970

* Statistically significant at level P < 0.05. Values are given as mean + SD or %.
BMI, body mass index; HFLTV, high-frequency, low-tidal volume ventilation; LVEF, left
ventricular ejection fraction; SV, standard ventilation.

clinically meaningful. Importantly, there were no statistically significant
differences in complication rates in HFLTV compared with SV.
Although there was a trend towards higher rates of acute first-pass
PVIin HFLTV, the result was not statistically significant. This could be
potentially due to the as-yet insufficient power of the currently pooled
sample size. Encouragingly, the beneficial effects of HFLTV on both AF
recurrence and procedural time appeared to be consistent across the
PAF vs. PeAF patient groups. Slight variations in follow-up duration also
had no tangible impact on the findings of reduced arrhythmia recur-
rence at 12 months.

Ablation power, contact force, and the time of catheter and target
lesion in good contact are all important parameters in delivering trans-
mural lesions and to achieve enhanced durability of PVI.'8%
High-frequency low-tidal volume ventilation reduces diaphragmatic
and thoracic excursions, thereby improving catheter stability during ab-
lation and reducing variability of contact force. These changes are re-
flected by increased impedance drop and improved lesional size
index associated with HFLTV. When these are factored into the equa-
tion, HFLTV should enhance the ultimate durability of PVI, and this is
the likely mechanism through which HFLTV could result in lower recur-
rence of AF and all atrial arrhythmia observed in the longer term.

To achieve similar aims, previous studies had explored the role of jet
ventilation,®? as well as prolonged apnoeic ventilation in AF ablation."®
Although potentially harbouring similar benefits, these approaches each
had their own limitations. For example, jet ventilation requires specific
ventilation equipment and a specialized anaesthetic team for support,
and frequent arterial blood taking is required. Cost implications are
therefore higher. On the other hand, prolonged apnoeic ventilation
may cause interruptions to the procedural flow. There is also a limited
timeframe for mapping and ablation each time, as each apnoeic episode
must be prolonged within a certain limit. Therefore, HFLTV may re-
present an attractive option combining several benefits of these alter-
native ventilation approaches, but without a significant requirement
for additional manpower or resources. Nevertheless, end-tidal CO, re-
tention needs to be routinely monitored, and certain patient groups, es-
pecially those with chronic lung diseases such as those with chronic
obstructive pulmonary diseases, may not be suitable. How it may com-
pare directly with these alternative ventilation approaches is also un-
clear and will require further studies.

With the rapidly developing therapeutic landscapes in AF ablation,
newer forms of ablation technologies have been developed beyond
conventional thermal ablations. These include pulsed field ablation®
or its combination with RF. Novel mapping and ablation catheters
may also assist in enhancing the ultimate success of AF ablation.
Nevertheless, how these various kinds of ablation modalities could
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HFLTV SV
Study Events Total Events Total First-pass PVI OR 95%-Cl Weight
¢ = Osorio et al. 2024 71 95 77 115 —1 1.49 [0.81;2.73] 18.9%
Firat Paazlsolation Qian et al. 2024 25 35 20 35 ——=——— 1388 [0.70;5.06] 6.2%
Vassallo et al. 2024 62 70 58 66 —_— 1.07 [0.38;3.04] 7.4%
Osorio et al. 2023 144 218 284 445 - 1.13 [0.80; 1.59] 67.5%
Pooled Odds Ratio (OR) 416 661 - 1.24 [0.94; 1.63] 100.0%
Heterogeneity: 17 = 0%, ©> =0, p = 0.71 r T T !
0.2 05 1 2 5
HFLTV sV
AF Recurrence Study Events Total Events Total Recurrence of AF after 12 months OR 95%-Cl Weight
12 months
Osorio et al. 2024 10 95 29 115 —— 0.55 [0.28;1.11] 33.2%
Osorio et al. 2023 22 216 69 445 —— 0.62 [0.37;1.03] 61.3%
Gabriels et al. 2019 4 44 4 44 1.00 [0.23;4.28] 5.5%
Pooled Odds Ratio (OR) 355 604 =g 0.62 [0.42; 0.92] 100.0%
Heterogeneity: /% = 0%, 1° =0, p = 0.77 I ‘ ' I
0.2 05 1 2 5
HFLTV sv
Atrial Arrhythmia Study Events Total Events Total Recurrence of atrial arrthymia after 12 months OR 95%-Cl Weight
Recurrence 12months o et al. 2024 17 95 36 115 —m— 0.48 [0.25:0.92] 26.9%
Qian et al. 2024 6 35 1 35— 0.45 [0.15;1.40] 9.2%
Vassallo et al. 2024 11 70 14 66 — e 0.69 [0.29; 1.66] 12.2%
Osorio et al. 2023 31 216 92 445 R B 0.64 [0.41;1.00] 51.8%
Pooled Odds Ratio (OR) 416 661 I ‘]‘- : | 0.59 [0.42; 0.81] 100.0%

Heterogeneity: 1 = 0%, v* =0, p = 0.83

0.2 05 1 2 6

Figure 2 High-frequency low-tidal volume ventilation improves atrial fibrillation ablation success. High-frequency low-tidal volume ventilation was
associated with significantly reduced risk of all atrial arrhythmia recurrence (pooled odds ratio = 0.59, 95% confidence interval: 0.42-0.81, I* = 0%) and
atrial fibrillation recurrence (odds ratio = 0.62, 95% confidence interval: 0.42-0.92, I* = 0%) at 12 months after catheter ablation. high-frequency low-
tidal volume ventilation appeared to be associated with higher chance of first-pass pulmonary vein isolation but with borderline statistical significance
(odds ratio = 1.24, 95% confidence interval: 0.94-1.63, P= 0%). AF, atrial fibrillation; Cl, confidence interval; HFLTV, high-frequency low-tidal volume

ventilation; OR, odds ratio; PVI, pulmonary vein isolation.

translate into furthering the clinical effectiveness of AF ablation remains
an active area of research. In this setting, maximizing capabilities of AF
ablation with existing technologies through optimizing the benefits of
supportive approaches remains crucial. For example, general anaesthe-
sia significantly reduces pulmonary vein reconnection in PVL.® There
was also evidence that it improves clinical and economical effectiveness
in AF ablation in the UK setting.” Here in this meta-analysis, HFLTV pre-
sents another dimension in which we could improve the success rate of
AF ablation without significant increases in cost, provided that back-
ground support of general anaesthesia is available. Nevertheless, it
should also be acknowledged that in various electrophysiology centres
in Europe and worldwide, AF ablation is often performed under sed-
ation without intubation or an anaesthesiologist on-site. Such variations
in health system and clinical resources may ultimately impact on the
generalizability of our findings of HFLTV at the implementation and
health economical level. Furthermore, the role of general anaesthesia
in AF ablation, compared with sedation, is itself a research area in which
divergent results have been found. Compared with Martin et al,” a
retrospective cohort study showed that sedation was non-inferior to
general anaesthesia in terms of AF recurrence post-ablation and

potentially associated with reduced total procedure time and cost.!
In addition, a meta-analysis that studied oesophageal complications
showed that general anaesthesia was associated with more oesopha-
geal lesions in patients who underwent AF ablation. Therefore, the suit-
ability of anaesthesia and ventilation approach will likely need to be
individualized according to the settings of each electrophysiology cen-
tre, as well as taking into consideration patient characteristics and op-
erator preferences.

Despite the encouraging findings, there are several limitations of this
study. Although this is a meta-analysis, there are only five studies, and all
of them are observational in design. Causal inference cannot be defin-
itely confirmed; biases and confounding remained possible. There were
also no mechanistic studies that confirmed enhanced durability of PVl as
the mechanism of the observed clinical benefits. Nevertheless, this is
the largest study to date to incorporate all clinically available and rele-
vant evidence. Although two out of the five studies were included from
the REAL-AF registry,"*'> we carefully studied the relevant manu-
scripts of these published studies and found that there is no effective
overlap of patient samples. Nevertheless, there still existed a small the-
oretical possibility that some patients with paroxysmal AF could have
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HFLTV sV
Study Total Mean(mins) SD Total Mean(mins) SD Procedure Time SMD 95%-Cl Weight
Osorio et al. 2024 95 83.2 282 115 112.0 42.0 —.— -0.79 [-1.07;-0.51] 27.9%
Qian et al. 2024 35 61.3 25.5 35 908 228 —ll— -1.21 [-1.72;-0.69] 17.4%
Osorio et al. 2023 216 68.3 27.6 445 83.7 36.4 -.- -0.45 [-0.62;-0.29] 33.9%
Gabriels et al. 2019 44 156.7 30.6 44 178.5 42.1 I -0.59 [-1.01;-0.16] 20.8%
Aggregate 390 923 27.8 639 116.0 36.2
Treatment Effect -23.04 [-30.95; -15.13] < -0.71 [-1.00; -0.42] 100.0%
Heterogeneity: /> = 70%, 1* = 0.0574, p = 0.02 JE. L

15 -1 05 0 05 1 1.5

HFLTV sV
Study Total Mean(mins) SD Total Mean(mins) SD Total RF Time SMD 95%-Cl Weight
Osorio et al. 2024 95 19.7 85 915 27.2 11.2 —i— -0.71 [-0.99; -0.43] 20.9%
Qian et al. 2024 35 15.3 4.8 35 29 97 —a—— -0.98 [-1.48;-0.48] 6.6%
Vassallo et al. 2024 70 196 5.7 66 224 6.2 —— -0.47 [-0.81;-0.13] 14.1%
Osorio et al. 2023 216 14.2 6.7 445 20.5 9.1 -.- -0.75 [-0.92;-0.59] 58.4%
Aggregate 416 17.2 6.5 661 23.2 8.7
Treatment Effect -5.76 [ -6.71; -4.82] % -0.72 [-0.85; -0.59] 100.0%
Heterogeneity: 12 = 10%, <% < 0.0001, p = 0.34 ! ! ! .

-1 -0.5 0 0.5 1

HFLTV SV
Study Total Mean(mins) SD Total Mean(mins) SD Ablation Time SMD 95%-Cl Weight
Qian et al. 2024 35 405 186 35 65.8 225 —l—— -1.21 [[1.73;-0.70] 21.9%
Vassallo etal. 2024 70 66.8 102 66 752 16.8 —— 061 [0.95;-0.26] 48.4%
Gabriels etal. 2019 44 277 7.0 44 35.8 10.4 —B— -0.91 [-1.35;-047] 29.7%
Aggregate 149 450 94 145 58.9 14.3
Treatment Effect -13.10 [-23.33; -2.86] <> -0.83 [-1.07; -0.59] 100.0%

Heterogeneity: 1% = 49%, ¥ = 0.0453, p=0.14

Figure 3 High-frequency low-tidal volume ventilation reduces atrial fibrillation procedure and radiofrequency time. High-frequency low-tidal volume
ventilation was associated with significant reductions in the procedure time (pooled standardized mean difference = —0.71, 95% confidence intereval:
—1.00 to —0.42), ablation time (pooled standardized mean difference = —0.83, 95% confidence interval: —1.07 to —0.59), and total radiofrequency time
(pooled standardized mean difference = —0.72, 95% confidence interval: —0.85 to —0.59). Heterogeneity of procedure time difference between studies
was large (I2 =76%). AF, atrial fibrillation; Cl, confidence interval; HFLTYV, high-frequency low-tidal volume ventilation; RF, radiofrequency; SMD, stan-

dardized mean difference.

progressed to persistent AF and included again in the latter study.
However, even if this happened, the number should be small, and there
was no effective overlapping of study period in these studies. This is
therefore unlikely to have caused a material impact on the results of
our meta-analysis, although a minimal possibility of result inflation can-
not be totally excluded. Also, recurrence rates for AF at 12 months in
this pooled data appeared to be lower than the generally reported es-
timates from the literature.” This could be potentially related to differ-
ent methodologies, including how recurrence was detected in various
studies. A small study bias cannot be excluded. Further randomized
controlled, and preferably multi-centre, trials with standardized

methods in assessing AF recurrence are needed to confirm the defini-
tive benefits of HFLTV on AF ablation long-term outcomes.

Conclusions

High-frequency low-tidal volume ventilation is associated with im-
proved long-term success of arrhythmia control in AF patients who
undergo RF catheter ablation, regardless of paroxysmal or persistent
status. It also improves procedural efficiency, without any significant im-
pact on complication rates.
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Panel A.

Outcome Pooled OR OR 95%-CI
First-pass PVI

PAF only — 1.19 [0.86; 1.65]
PeAF and PAF/PeAF —t 1.37 [0.81; 2.31]

Subgroup difference: xf =0.2 (p =0.66)

Recurrence of atrial arrhythmia
PAF only ——
PeAF and PAF/PeAF ———l———
Subgroup difference: ',(f =013 (p =0.72)

0.62 [0.41; 0.93)
0.55 [0.32; 0.92]

Recurrence of AF

PAF only —a—

PeAF and PAF/PeAF —®&———

Subgroup difference: xf =0 (p =1.00)
[ T

0.62 [0.37; 1.03]
0.62 [0.33; 1.15]

03 05 1 2 8

Panel B.

Outcome Pooled SMD SMD 95%-CI
Procedure Time

PAF only —_— -0.79 [-1.52; -0.06]
PeAF and PAF/PeAF —- -0.73 [-0.96; -0.49]

Subgroup difference: xf =0.02 (p =0.87)

Total RF Time

PAF only B
PeAF and PAF/PeAF -
Subgroup difference: ;,(f =142 (p=0.23)

-0.78 [-0.94; -0.62)
-0.61 [-0.83; -0.40]

Ablation Time

PAF only ——

PeAF and PAF/PeAF ——

Subgroup difference: xf =2.79 (p = 0.09)
[ T T T T 1

-15 -1 -05 0 05 1 15

-1.21 [-1.73; -0.70]
-0.72 [-0.99; -0.45]

Figure 4 Study outcomes stratified according to paroxysmal versus persistent atrial fibrillation. There were no statistically significant differences be-
tween paroxysmal atrial fibrillation vs. persistent atrial fibrillation in terms of the impact of high-frequency low-tidal volume ventilation on the primary
and secondary outcomes (all P-values for between-group comparisons > 0.05). AF, atrial fibrillation; HFLTV, high-frequency low-tidal volume ventila-

tion; PAF, paroxysmal atrial fibrillation; PeAF, persistent atrial fibrillation.

Study Selection Comparability Outcome Total Score  Risk of Bias
Gabriels et al., 2019 3 0 3 6 Moderate
Osorio et al., 2023 4 1 3 8 Low
Osorio et al., 2024 4 2 3 9 Low
Qian et al., 2024 3 1 3 7 Low
Vassallo et al., 2024 3 1 2 6 Moderate

Figure 5 Risk of bias assessment using the Newcastle—Ottawa Scale. The risk of bias for each study was low or moderate.
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