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Aims Same-day discharge (SDD) after catheter ablation of atrial fibrillation (AF) may address the growing socio-economic health
burden of the increasing demand for interventional AF therapies. This systematic review and meta-analysis analyses the
current evidence on clinical outcomes in SDD after AF ablation compared with overnight stay (ONS).

Methods A systematic search of the PubMed database was performed. Pre-defined endpoints were complications at short-term
and results (24-96 h) and 30-day post-discharge, re-hospitalization, and/or emergency room (ER) visits at 30-day post-discharge,
and 30-day mortality. Twenty-four studies (154 716 patients) were included. Random-effects models were applied for
meta-analyses of pooled endpoint prevalence in the SDD cohort and for comparison between SDD and ONS cohorts.
Pooled estimates for complications after SDD were low both for short-term [2%; 95% confidence interval (Cl): 1-5%;
1% 89%) and 30-day follow-up (2%; 95% Cl: 1-4%; I*: 91%). There was no significant difference in complications rates
between SDD and ONS [short-term: risk ratio (RR): 1.62; 95% Cl: 0.52-5.01; /% 37%; 30 days: RR: 0.65; 95% Cl: 0.42—
1.00; 1% 95%). Pooled rates of re-hospitalization/ER visits after SDD were 4% (95% Cl: 1-10%; % 96%) with no statistically
significant difference between SDD and ONS (RR: 0.86; 95% Cl: 0.58-1.27; I 61%). Pooled 30-day mortality was low after

SDD (0%; 95% Cl: 0-1%; I*: 33%). All studies were subject to a relevant risk of bias, mainly due to study design.

Conclusion In this meta-analysis including a large contemporary cohort, SDD after AF ablation was associated with low prevalence of
post-discharge complications, re-hospitalizations/ER visits and mortality, and a similar risk compared with ONS. Due to lim-
ited quality of current evidence, further prospective, randomized trials are needed to confirm safety of SDD and define pa-
tient- and procedure-related prerequisites for successful and safe SDD strategies.
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Graphical Abstract

Same day discharge vs. overnight stay following catheter ablation for atrial fibrillation
a comprehensive review and meta-analysis by the EHRA Health Economics Committee

Twenty-four studies, for a total of 154 716 patients

Low pooled estimates for
complications after SDD

Similar safety of
SDD vs ONS

Short-term complications: 2%
(95% Cl: 1-5%)
30-day complications: 2%
(95% ClI: 1-4%)
30-day unplanned medical contact: 4%
(95% CI: 1-10%)
30-day mortality: 0%
(95% CI: 0—1%)
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Keywords

What’s new?

® This is the largest meta-analysis evaluating same-day discharge
(SDD) vs. overnight stay (ONS) protocols after atrial fibrillation
(AF) ablation so far, encompassing 24 studies (including two new
randomized controlled trials) and 154 716 patients.

® By inclusion of additional recent evidence, short-term complication
rates could be compared between SDD and ONS in addition to
30-day outcome.

® Short-term and 30-day complications associated with SDD after AF
ablation are rare events and not elevated in comparison with ONS
cohorts.

® Mortality after AF ablation is limited to single cases and not increased
in SDD cohorts.

® Same-day discharge was not associated with an increase in post-
discharge unplanned medical contacts or re-hospitalization.

® Due to the low quality of current evidence and heterogeneity re-
garding patient-related eligibility criteria and peri-SDD protocols,
further large-scale prospective, randomized trials should be con-
ducted in order to confirm the safety of SDD after AF ablation spe-
cific subgroups of patients.

Introduction

Due to the increasing prevalence of atrial fibrillation (AF) in an ageing
population, the demand for effective and safe therapeutic strategies is
continuously growing. Catheter ablation of AF has been shown to pro-
vide superior efficacy with respect to rhythm control compared with
pharmacological antiarrhythmic therapy.' Additionally, there has
been evidence of beneficial prognostic effects of catheter ablation in se-
lected subgroups of patients.*®

Short-term complications: RR 1.62
(95% ClI: 0.52-5.01)
30-day complications: RR 0.65
(95% CI: 0.42-1.00)
30-day unplanned medical contact: RR 0.86
(95% ClI: 0.58-1.27)
30-day mortality: RR 0.53
(95% CI: 0.41-0.68)

SDD after AF ablation was associated with low prevalence of post-discharge complications,
unplanned medical contact and mortality, and a similar risk compared with ONS.

In light of the widespread implementation of AF ablation and increasing
operator experience over the last decades, procedure durations and rates
of severe procedural complications have substantially decreased in experi-
enced centrws.” Furthermore, novel technologies for AF ablation have re-
duced procedure times and can be performed under conscious sedation
or minimal duration of intensified anaesthesia.®"" Nevertheless, a post-
procedural monitoring period of 12-24 h has been recommended in
the guidelines of the American Heart Association to allow for the detec-
tion of potential complications, e.g. pericardial effusion or bleeding com-
plications, and discharge practices are heterogeneous across centres.'>"3
However, most procedure-related complications associated with AF ab-
lation have been described to occur within the first 6 h after the ablation
procedure.14 Due to the increasing case volume with indication for AF ab-
lation coinciding with a limitation in structural resources (e.g. medical per-
sonnel and hospital beds), shortening of peri-procedural hospitalization
and monitoring periods have been discussed.'>"*'® Apart from health
economic advantages, shorter in-hospital stays may also improve patient
satisfaction.'® However, many patients undergoing AF ablation are older
or suffer from other co-morbidities that may make them more prone to
peri-procedural complications as well as adverse effects of sedation or
general anaesthesia."’

In analogy to other interventional therapies, same-day discharge
(SDD) or shortening of in-hospital monitoring may enhance treatment
capacity, provided that necessary peri-procedural safety is maintained.
In this context, recent studies evaluated the feasibility and safety of SDD
in comparison with at least one overnight stay (ONS) in AF ablation.

The aim of the present systematic review and meta-analysis is to
describe the outcome in patients undergoing SDD protocols after
catheter ablation for AF, based on the most recent evidence.'®’
The pooled estimates of complications, re-hospitalization/emergency
room (ER) visits, and mortality after SDD are described and com-
pared with ONS protocols.
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SDD after catheter ablation of AF

Methods

The present systematic review and meta-analysis was conducted in accord-
ance with the Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) 2020 guidelines.*°

Eligibility criteria

Randomized controlled trials (RCTs) and prospective observational or
retrospective studies analysing patients > 18 years specifically undergoing
AF ablation were included. Studies with a two-cohort design comparing
SDD with ONS were used for the meta-analysis comparing pre-defined
endpoints between these two discharge strategies. Studies investigating
the outcome of a single SDD cohort without a comparator group were
also eligible and used for descriptive analyses and meta-analyses of propor-
tions. Studies reporting data on at least one of the pre-specified endpoints
were included.

Search strategy and study selection

We searched the PubMed database for studies fulfilling the eligibility criteria
using the search string ‘atrial fibrillation” AND (‘ablation” OR ‘pulmonary
vein isolation’) AND (‘same day discharge’ OR ‘day case’ OR ‘ambulatory’
OR ‘outpatient’). Regularly updated searches were performed during the
preparation of the manuscript until 30 January 2024. The database was
searched from inception, with no language restriction. Two authors
(M.M.Z. and ).F.l) independently screened all articles retrieved from the lit-
erature search based on title and abstracts using a standardized, web-based
platform (Rayyan Systems Inc., Cambridge, MA, USA). Afterwards, full-text
evaluation of pertinent citations was performed. Any discrepancies were
resolved by collegiate discussion and consensus.

Data collection and endpoints

Whenever available, data were extracted using a pre-specified electronic
form and included study design, demographic and clinical baseline para-
meters, procedural characteristics, procedure-related complications,
mortality, and successful SDD at discharge. Pre-defined endpoints for
meta-analyses were (i) short-term complications (2496 h), (ii) complica-
tions at 30-day post-discharge (leading to medical contact or with need
for intervention), (iii) re-hospitalization and/or ER visits at 30-day post-
discharge, and (iv) 30-day mortality. Complications were assessed according
to the respective study-specific protocol. Intra-procedural or acute, in-
hospital post-procedural complications were specifically distinguished
from short-term complications after discharge as far as possible based on
the data reported, as these were judged as rather associated with the pro-
cedure itself and not with the safety of the respective discharge strategy.
The rate of successfully realized planned SDD strategy was evaluated in a
descriptive fashion. In single cases of discrepancy between follow-up dura-
tions for endpoints assessment reported by the studies and pre-defined
time points in this analysis, endpoint occurrence was derived from the de-
scription of timings, if available, or endpoints were categorized to the near-
est corresponding time point if the difference was <3 days.

Quality assessment and risk of bias

M.M.Z and J.F.l. performed quality assessment using the Newcastle-Ottawa
Scale for non-randomized clinical trials and V.2 of the Cochrane ‘Risk of
Bias’ tool (RoB2) for RCTs.*"*? The Robvis internet-based graphic generat-
ing plagorm was used to create the risk of bias plot with the results from
RoB2.

Studies with a score of <7 of the Newcastle-Ottawa Scale were categor-
ized at significant risk of bias.

Statistical analysis

In the SDD cohort, the prevalence of complications, ER admissions/
re-hospitalization, and death was logit transformed. The pooled prevalence
was computed using a random-effects method with an inverse variance ap-
proach. For direct comparison of SDD and ONS, the Mantel-Haenszel
random-effects model was used to determine the pooled effect sizes for
the outcomes of interest. Dichotomous outcomes were presented as
risk ratio (RR) and the corresponding 95% confidence interval (Cl). The

outcomes were analysed on an intention-to-treat basis whenever possible.
In order to measure heterogeneity, we calculated the inconsistency index
(Iz) and the tau (restricted maximum-likelihood method). Heterogeneity
was defined as low if 1> was <25%, moderate if between 25% and 75%,
and high if >75%.**

For each outcome, a sensitivity analysis was performed if I* was >25%
and the ‘leave-one-out’ approach was used (all studies were removed
one at a time to assess their influence on pooled estimates and heterogen-
eity). Other potential sources of heterogeneity were explored through sub-
groups analyses including study type (retrospective vs. prospective studies
and administrative data vs. non-administrative data) and SDD as a default
approach vs. non-default.

Publication bias was assessed by visual inspection of funnel plots and
Egger’s test when 10 or more studies were included. All statistical analyses
were performed using R version 4.0.3 (The R Foundation, 2020), using the
‘meta’, ‘metafor’, and ‘dmetar’ packages.45

Results

Study selection and characteristics

A total of 846 records were retrieved from the literature search. The
time of publication ranged from 10/2010 to 11/2023. After the removal
of duplicates and screening of titles and abstracts, 31 full-text articles
were assessed for eligibility, of which 24 were included in the quantitative
analysis (Figure 7). The majority of studies (n = 15) were retrospective, of
which four analyses were based on administrative databases. Seven inves-
tigations were prospective observational studies. Additionally, two RCTs
were identified. Fifteen studies were performed in the USA or Canada,
seven in Europe, one in Argentina, and one across two continents
(Table 1). Three studies analysing only outcome after SDD in a single co-
hort (one retrospective and two prospective) were included in the
meta-analysis of proportions. Follow-up durations described in the se-
lected studies ranged from 10 days to 6 months.

Patient population

Atotal of 116 041 patients underwent AF ablation with SDD and 38 676
with ONS across 24 studies. Mean age ranged between 56 and 67 years
in the SDD cohort and between 59 and 68 years in the ONS cohort, in
studies comparing these two strategies. In the majority of studies, male
sex was predominant in both SDD and ONS cohorts (Table 2). Data on
AF type were available for 16 studies evaluating SDD patients and 10
studies evaluating ONS patients. Paroxysmal AF was the most common
AF type for both patient populations (Table 2). Other available baseline
parameters, e.g. CHA,DS,-VASc-score, body mass index, and left ven-
tricular ejection fraction, were reported in only few studies and corre-
sponded to characteristics of typical AF ablation cohorts (Table 2).

Procedural characteristics

The majority of studies investigated outcome after both radiofrequency
(RF) and cryoballoon (CB) ablation of AF (n = 13), four studies each re-
ported data from exclusively RF ablation or CB ablation, and in three
studies, information on ablation technique used was missing (Table 3).

Peri-procedural sedation was performed using general anaesthesia in
six studies, conscious sedation in another three studies, and variable
protocols using either general anaesthesia or conscious sedation
were reported by nine studies. In six studies, information on peri-
procedural sedation was not available (Table 3).

Fourteen studies provided information on peri- or intra-procedural
anticoagulation. Ten studies specified intra-procedural application of
unfractionated heparin with monitoring of activated clotting time,
and three studies reported routinely performed protamine reversal.
Uninterrupted or minimally interrupted use of oral anticoagulation
was reported by nine studies. Two studies described peri-procedural
anticoagulation as guideline directed or performed as by the discretion
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Records identified in PubMed
database (n = 846)

N

Records screened based on title
and abstract (n = 844)

A 4

Duplicates removed (n = 2)

Records not meeting inclusion

N

Records selected for full-text
review (n = 31)

criteria (n = 813)

Insufficient data on clinical

N

Records selected for meta-analysis
(n=24)

endpoints regarding SDD (n = 7)

.| * SDD as explicit default

» SDD based on pre-specified
criteria (n = 15)

strategy (n = 5)
« Adminstrative data, propensity
matching (n = 4)

Figure 1 Study selection process (PRISMA flowchart). SDD, same-day discharge.

of the operator. In the remaining studies, information on peri-
procedural anticoagulation regimen was not specified (Table 3).

Criteria for same days discharge and

success of planned discharge strategy

In studies reporting protocols for SDD, pre-specified eligibility criteria for
this discharge strategy varied considerably (Table 3). Most common cri-
teria applied were full recovery and clinical stability after a post-procedural
monitoring period of 4-6 h, as well as the absence of procedural compli-
cations. Other criteria reported were the absence of significant co-
morbidities potentially predisposing for procedural complications, stable
anticoagulation without signs of bleeding or history of bleeding events,
place of residence in proximity to the ablation centre, early finish of abla-
tion procedure, or presence of competent support at home (Table 3).
Five studies report SDD as a default strategy without previously defined
patient-specific criteria. However, SDD still depended on post-procedural
outcome or was subject to operator discretion (Table 3). Successful real-
ization of planned discharge strategy, if reported, was achieved in the ma-
jority of SDD cases, ranging from 70.1% to 100% (Table 3).

Short-term complications post-discharge

The pooled prevalence of short-term complications after SDD was
2% (95% Cl: 1-5%), reported in 4728 patients across 12 studies
with high heterogeneity (1% 89%; % 1.48; 95% ClI: 0.60-7.43) (see
Supplementary material online, Figure S7). In sensitivity analyses, the
study by Brown et al. was the most relevant contributor to the het-
erogeneity, but we did not observe significant influence of single stud-
ies on the pooled estimates (see Supplementary material online,
Figure S2). Subgroup analyses showed a similar prevalence of short-
term complications among retrospective and prospective studies
(1%; 95% Cl: 0-7%; 1% 91% vs. 2%; 95% Cl: 1-5%; 1% 79%) (see
Supplementary material online, Figure S3).

Three studies provided comparative data on short-term complica-
tions in ONS or SDD in a total of 1458 patients. The pooled risk of
short-term complications was not statistically different between the
two discharge strategies (RR: 1.62; 95% CI: 0.52-5.01), with moder-
ate heterogeneity (1% 37%; 7% 0.15; 95% Cl: 0.00—6.10) (Figure 2A).
Reported complications at 24 h included vascular and bleeding com-
plications, pericarditic chest pain, pericardial effusion, AF recurrence,
nausea, infection, stroke, and pulmonary oedema.
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Table 1 Study characteristics

Study Year Study type/data source

Haegeli et al. 2010  Retrospective, single centre

Ignacio et al. 2018  Prospective, single centre

Bartoletti et al. 2019  Retrospective, single centre

Opel et al. 2019  Prospective observational, two centres

Creta et al. 2020  Retrospective, multicentre

N Akula et al. 2020 Retrospective, single centre

Reddy et al. 2020  Retrospective, single centre

Deyell et al. 2020  Retrospective, two centres

Brown et al. 2021  Retrospective, two centres

Field et al. HR 2021  Retrospective, administrative data, propensity
matching

Field et al. JCE 2021  Retrospective, administrative data, propensity
matching

Kowalski et al. 2021  Retrospective, propensity matching, multicentre

Rajendra et al. 2021  Prospective, propensity matching, multicentre

He et al. 2021  Retrospective, multicentre

Sahashi et al. 2022  Retrospective, administrative data, propensity
matching

Castro-Urdaetal. 2023  Randomized controlled, single centre

Rajendra et al. 2023  Prospective, propensity matching, multicentre

Asbeutah et al. 2023  Retrospective, two centres

Obeid et al. 2023  Retrospective, administrative data

Sangrigoli et al. 2023  Randomized controlled, multicentre

Eldadah et al. 2023  Prospective, multicentre

Deyell et al. 2023  Retrospective, two centres

Jimenez-Candil 2023  Prospective, single centre

et al.
Honarbakhsh et al. 2023 Prospective, multicentre

Country Sponsor Total sample size
(SDD/ONS), n
Canada None 230 (205/0)
Argentina None 195 (58/137)
UK None 811 (143/642)
UK None 552 (276/276)
UK None 2628 (727/1901)
USA None 571 (426/145)
UK None 452 (128/323)
Canada None 3054 (2418/636)
USA None 409 (210/199)
USA Johnson and Johnson 6247 (1610/4637)
USA Johnson and Johnson 6600 (1660/4940)
USA None 2374 (1194/1180)
USA Biosense Webster 82 (41/41)
UK/Qatar None 967 (414/553)
USA None 1751 (440/1311)
Spain None 100 (50/50)
USA None 2332 (1982/350)
USA None 225 (91/134)
USA None 122289 (101 162/21 127)
USA Medtronic 45 (22/23)
USA Cardiva Medical, Inc (now part 354 (323/31)
of Haemonetics Corporation)
Canada None 427 (381/40)
Spain Biomedical Research Institute of 617 (439/0)
Salamanca
UK None 1688 (1641/0)

ONS, overnight stay; SDD, same-day discharge.

Complications at 30-day post-discharge

Sixteen studies, including a total of 113 698 patients, reported compli-
cations at 30 days after SDD. The pooled prevalence was 2% (95% Cl:
1-4%), with high heterogeneity (1% 91%; 7% 0.86; 95% Cl: 0.39-2.60)
(see Supplementary material online, Figure S4). No single study signifi-
cantly influenced the pooled estimates or heterogeneity (see
Supplementary material online, Figure S5). Subgroup analyses of retro-
spective and prospective studies revealed no significant influence of
study design regarding heterogeneity or pooled estimates (see
Supplementary material online, Figure S6).

In comparison with ONS, SDD showed not statistically significant
difference with respect to complications at 30-day post-discharge
(RR: 0.65; 95% Cl: 0.42-1.00), with high heterogeneity (I 95%; 7>
0.27; 95% Cl: 0.07-1.03) across 11 studies in 144125 patients
(Figure 2B). In sensitivity analysis, the study by Obeid et al. was the
most relevant contributor to heterogeneity. However, omitting this
study resulted in no statistically significant difference between ONS
and SDD strategies regarding this endpoint with a reduction in hetero-
geneity between studies (see Supplementary material online, Figure S7).

In subgroup analyses, lower heterogeneity was found among prospective
studies as compared with retrospective studies (% 34% vs. I*: 96%), with
similar pooled RRs (see Supplementary material online, Figure S8A).
Similar results were observed among administrative studies (see
Supplementary material online, Figure S8B).

Respiratory, cerebrovascular, peripheral vascular and pericardial com-
plications, phrenic nerve damage, AF recurrence, myocardial infarction,
and sepsis were reported as complications at 30-day post-discharge.

Mortality at 30-day post-discharge

Fifteen studies (109 226 patients) reported mortality in the context of
SDD after AF ablation. In 12 studies, no death was recorded at 30 days
after SDD; only three studies reported cases of post-procedural death.
Of these three studies, one retrospective analysis of early mortality of-
fered no information on individual causes of death. Each of the other
two studies described one case of post-procedural death: one patient
died of a stroke at 24-day post-discharge; the other one died due to
an atrio-oesophageal fistula 3 weeks after discharge. Pooled mortality
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A

SDD ONS Weight
Study Events Total Events Total (%) Risk ratio RR 95% CI
Brown, 2021 30 210 25 199 52.3 —h—:— 1.14 (0.69, 1.86)
Rajendra, 2021 2 41 1 41 7.0 - 2.00 (0.19,21.21)
He, 2021 22 414 12 553 40.7 —EI— 2.45 (1.23, 4.89)
Total (95% CI) 665 793 100.0 . ; +— . 1.62 (0.52, 5.01)
Heterogeneity: /2 = 37%, t2 = 0.1520 (0.0000; 6.1012), P = 0.20 0.1 051 2 10
B

SDD ONS Weight
Study Events Total Events Total (%) Risk ratio RR 95% CI
Obeid, 2023 4773 101162 3271 21127 16.7 0.30 (0.29, 0.32)
Rajendra, 2023 33 1982 16 350 12.5 0.36 (0.20, 0.65)
Akula, 2020 23 426 17 145 124 0.46 (0.25, 0.84)
Kowalski, 2021 15 1194 24 1180 11.9 0.62 (0.33, 1.17)
Deyell, 2020 9 2406 3 628 6.3 0.78 (0.21, 2.88)
Filed, 2021 43 1610 129 4637 15.0 0.96 (0.68, 1.35)
Castro-Urda, 2023 3 50 3 50 5.0 1.00 (0.21, 4.72)
Field, 2021 78 1660 187 4940 15.7 1.24 (0.96, 1.61)
Rajendra, 2021 2 41 1 41 2.6 L 2.00 (0.19, 21.21)
Reddy,2020 1 128 1 323 2.0 L 2.52 (0.16, 40.04)
Sangrigoli, 2023 0 22 0 23 0.0 1
Total (95% CI) 110 681 33444 100.0 - 0.65 (0.42, 1.00)
Heterogeneity: /2 = 95%, 12 = 0.2674 (0.0709; 1.0310), P < 0.01 01 051 2 10
Cc

SDD ONS Weight
Study Events Total Events Total (%) Risk ratio RR 95% ClI
Deyell, 2020 1 2406 1 628 0.3 B e 0.26 (0.02, 4.17)
Obeid, 2023 514 101162 205 21127 99.2 H 0.52 (0.45, 0.62)
Creta, 2020 0 727 1 1901 0.3 _— 0.87 (0.04, 21.36)
Reddy,2020 1 128 0 323 0.3 44— 7.55 (0.31,184.19)
Akula, 2020 0 426 0 145 0.0 ,
Bartoletti, 2019 0 143 0 642 0.0 i
Castro-Urda, 2023 0 50 0 50 0.0 :
Deyell, 2023 0 381 0 40 0.0 '
Ignacio, 2018 0 58 0 137 0.0 !
Kowalski, 2021 0 1194 0 1180 0.0 !
Rajendra, 2021 0 41 0 41 0.0 ,
Rajendra, 2023 0 1982 0 350 0.0 h
Sangrigoli, 2023 0 22 0 23 0.0 '
Total (95% CI) 108720 26587  100.0 : - : , 0.53 (0.41, 0.68)
Heterogeneity: 12 = 1%, 12 < 0.0001 (0.0000; 27.0109), P = 0.39 0.01 01 1 10 100
D

SDD ONS Weight
Study Events Total Events Total (%) Risk ratio RR 95% ClI
Rajendra, 2021 0 41 1 41 1.2 0.33 (0.01, 7.95)
Ignacio, 2018 9 58 42 137 14.3 0.51 (0.26, 0.97)
Deyell, 2023 97 381 16 40 19.8 0.64 (0.42,0.97)
Deyell, 2020 185 2406 71 628 23.6 0.68 (0.52, 0.88)
Rajendra, 2023 16 1982 3 350 6.5 0.94 (0.28, 3.22)
Castro-Urda, 2023 3 50 3 50 4.5 1.00 (0.21, 4.72)
Sahashi, 2022 59 440 132 1311 23.0 ' 1.33 (1.00, 1.78)
Reddy, 2020 1 128 1 323 1.6 — 2.52 (0.16, 40.04)
Asbeutah, 2023 6 91 3 134 55 4 2.95 (0.76, 11.48)
Sangrigoli, 2023 0 22 0 23 0.0 i
Total (95% CI) 5599 3037 100.0 ,_'1' 0.86 (0.58, 1.27)
Heterogeneity: /2 = 61%, 12 = 0.1243 (0.0060, 1.0268), P < 0.01 01 0512 10

Figure 2 Forest plots showing the comparative safety of same-day discharge strategy vs. overnight stay after catheter ablation of atrial fibrillation. (A)
Risk of short-term complications. (B) Risk of complications at 30 days. (C) Risk of death at 30 days. (D) Risk of unplanned medical contact at 30 days. Cl,
confidence ratio; ONS, overnight stay; RR, risk ratio; SDD, same-day discharge.
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SDD after catheter ablation of AF

1

rates were low (0%; 95% Cl: 0~1%; I*: 33%; 7 0.48; 95% Cl: 0.00-3.05)
(see Supplementary material online, Figure S9). The study by Deyell
et al. was the most significant contributor to heterogeneity for mortal-
ity, with no significant effect of single studies on the pooled estimates
(see Supplementary material online, Figure S10). The study design
was not a potential source of heterogeneity and did not result in signifi-
cant changes in pooled estimates for the endpoint investigated (see
Supplementary material online, Figures S17).

Mortality was reported in 13 studies comparing SDD vs. ONS (135
307 patients). Of note, no deaths were reported in 9/13 (69%) studies.
Same-day discharge was associated with a lower pooled risk of mortal-
ity at 30-day post-discharge as compared with ONS (RR: 0.53; 95% ClI:
0.41-0.68; I*: 1%; 7% <0.01; 95% ClI: 0.00-27.01) (Figure 2C). However,
these results were driven mainly by one retrospective analysis of admin-
istrative data with limited information on causes of post-procedural
mortality (see Supplementary material online, Figures S12 and S13).
This study also reported the presence of co-morbidities and procedural
complications as predictors for early mortality after discharge. In ONS
control groups, two causes of post-procedural death were described:
one patient died of unclear cause one day after discharge; the other pa-
tient died of atrio-oesophageal fistula.

Unplanned medical contact at 30-day
post-discharge

Re-hospitalization rates and ER visits after SDD were recorded in 12 stud-
ies (6018 patients) with high heterogeneity (% 96%; 7% 2.00; 95% Cl: 0.77—
6.62) and amounted to 4% (95% Cl: 1-10%) in the pooled analysis (see
Supplementary material online, Figure S14). Reasons for unplanned medical
contact included arrhythmia recurrence, pericarditis or chest pain, vascular
or bleeding complications, bradycardia, or respiratory complications. No
single study significantly influenced the pooled estimates or heterogeneity
for re-hospitalizations or ER visits (see Supplementary material online,
Figure S15), nor did the study design (see Supplementary material
online, Figure $16). Compared with ONS, SDD was not associated with
an increase in re-hospitalization and ER visits with moderate heterogeneity
between 10 studies (8636 patients) comparing these two discharge strat-
egies (RR: 0.86; 95% Cl: 0.58-1.27; [%: 61%; 7*: 0.12; 95% Cl: 0.01-1.03)
(Figure 2D). The study by Sahashi et al. and retrospective studies significant-
ly contributed to the heterogeneity observed (see Supplementary material
online, Figures S17 and S18). The overall results of the main analysis did not
substantially change when SDD was used as a default strategy vs. non-
default strategy (see Supplementary material online, Figure S19).

Bias assessment

Visual inspection of funnel plots and Egger’s test showed potentially
missing studies for 30-day complications, in both the bottom right
and bottom left sides (see Supplementary material online, Figures S20
and S21). Therefore, pooled estimates are unlikely to change substan-
tially with the addition of potential further studies. Significant publica-
tion bias was not observed for other outcomes (see Supplementary
material online, Figures S22 and S23).

All studies were considered at significant risk of bias, mostly due to
the study design (non-randomized observational studies; 15 of 24 fol-
lowing a retrospective design) (see Supplementary material online,
Table S1). Some concerns were observed also with regard to the two
RCTs (see Supplementary material online, Figure $24).

The PRISMA checklist is reported in Supplementary material online,
Table S2.

Discussion

The increasing demand for catheter ablation of AF is associated with
organizational, structural, and economic challenges. A shortening of

peri-procedural hospital stay in selected patients may contribute to
economizing capacities at ablation centres in order to support optimized
patient care. This meta-analysis of current evidence including 24 studies
and 154 716 patients of whom 116 041 underwent SDD shows a low
risk for post-procedural complications, re-hospitalization/ER visits, and
mortality associated with SDD after AF ablation. As lately several new
studies have been added to the body of evidence on this clinically import-
ant topic, this meta-analysis includes 10 more studies compared with pre-
vious meta-analyses and, thus, encompasses the largest patient cohort
analysed so far, 1%

Importantly, most of the evidence on SDD after AF ablation is still
based on retrospective or observational studies. Only two RCTs could
be identified, which, however, had not been published at the time when
previous meta-analyses were conducted.'®?* The overall limited quality
of evidence and relevant risk of bias has to be considered in the inter-
pretation of the results. However, many large studies strove to correct
for baseline differences, whenever present, between patient cohorts
undergoing SDD or ONS 2129:3036,37.39 Additionally, considerable het-
erogeneity regarding SDD protocols, if reported, and potential bias
whenever the discharge strategy was chosen at the discretion of the
operator have to be taken into account. Furthermore, only few of stud-
ies reported SDD as a default strategy without any pre-defined condi-
tions regarding patient-specific or peri-procedural SDD criteria. The
latter varied considerably across the different studies. Nevertheless,
the overall results remained consistent over multiple subgroup ana-
lyses, including administrative vs. non-administrative studies and studies
in which SDD was a default strategy for ‘all-comers’ cohorts vs. those
studies with pre-defined criteria for SDD selection. This corroborates
the overall validity of the results.

In accordance to previous analyses, SDD was not associated with in-
creased post-procedural risk for serious complications. Previous stud-
ies showed that the majority of peri-procedural complications in AF
ablation occur before 6 h after the procedure.™ In accordance with
these results, studies in this meta-analysis report no complications
that could have been prevented by choosing an ONS discharge strategy
over SDD.

Importantly, the seriousness of non-fatal complications reported and
contributing to this endpoint varied across studies. We listed and con-
sidered all complications reported as they were judged as clinically rele-
vant in the context of the respective studies. Thus, complications with
no influence on the discharge strategy, e.g. minor bleeding complica-
tions, may have also contributed to the comparably high rate of 2%
short-term complications in SDD cohorts.

Catheter ablation for AF is primarily set out to improve symptoms
and quality of life, and prognostic benefits have not yet been shown
for the broad spectrum of AF patients.*” Accordingly, preventing fatal
complications is of utmost importance in the context of AF ablation.
Importantly, fatal post-procedural events were limited to single cases
in studies with follow-up on the cause of death and were not elevated
in comparison with ONS cohorts. A trend towards lower mortality in
SDD in comparison with ONS was mainly driven by one study with in-
complete follow-up on the cause of death. Therefore, bias due to mor-
tality related to co-morbidities in the ONS cohort rather than due to
post-procedural complications is likely. Atrio-oesophageal fistula is
one rare complication of AF ablation associated with high mortality
and has been reported as one of the causes of death in the studies in-
cluded. However, the evolvement of atrio-oesophageal fistula usually
takes place over several weeks, and, thus, rather the procedure itself
rather than the acute post-procedural monitoring period plays a role
in preventing this serious complication.

Many implemented SDD programmes described in the analysed set
of studies define a comprehensive list of criteria regarding eligible pa-
tients and procedural characteristics in order to qualify for SDD.
Therefore, the results may not apply to all AF patients undergoing cath-
eter ablation, in particular, if relevant co-morbidities are present or if an
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adequate duration of post-procedural monitoring cannot be provided,
e.g. due to late procedure timing. The optimal protocol for patient
screening or monitoring for SDD eligibility cannot be identified based
on this analysis, not least due to the high heterogeneity of protocols re-
ported by the studies. However, the presence of relevant co-morbidities
predisposing for procedural complications, age, peri-procedural general
anaesthesia or prolonged sedation, late timing of the procedure itself,
and, potentially, also lack of social network to ensure adequate support
and care after discharge may constitute factors that hamper SDD.*
Additionally, operator experience and structural and personal facilities
at the ablation centre for post-procedural monitoring, pre-discharge clin-
ical assessment, and patient counselling are important contributors for
successful SDD. Interestingly, SDD was found safe also in the subgroup
of studies in which SDD was applied as a default strategy. Even though
some studies used general anaesthesia as part of the peri-procedural sed-
ation protocol, also deep sedation administered by trained electrophy-
siologists staff during left atrial procedures has been reported as
feasible and safe, and need for escalation to endotracheal intubation
was low.***° Deep sedation may also be a valid sedation strategy for no-
vel ablation technologies, including pulsed field ablation (PFA).>" Apart
from patient-related characteristics, non-clinical logistical issues have
been reported to constitute a major barrier for SDD.>? The use of single-
shot devices or modern technologies like PFA may shorten duration of
procedure and sedation, as well as operational complexity and perhaps
costs, once well established in the market. This may on the other hand
additionally support SDD.>* Of note, PFA SDD protocols have to be de-
scribed yet, including details on each single technique used. Additionally,
new technologies and particularly PFA have been associated with a rele-
vant decrease in specific serious complications, like phrenic nerve palsy or
atrio-oesophageal fistula.>® However, complications relating to vascular
access or trans-septal puncture may still rather depend on operator ex-
perience and centre-specific protocols, e.g. the use of ultrasound guid-
ance. Unfortunately, the underlying data of the present meta-analysis
did not allow for a comparative analysis between single-shot and RF ab-
lation strategies. Of note, the study by Deyell et al.** directly compared
SDD between 339 patients undergoing RF ablation as compared with 82
undergoing CB ablation. A similar proportion of patients achieved SDD
(89.8 vs. 95.1%). Re-admission or ER visits within 30 days were not dif-
ferent between the two groups (26.2% vs. 29.2%; P=0.63). These
data have to be further evaluated in future large-scale prospective
studies.

Atrial fibrillation constitutes a significant health burden in our society,
and the demand for interventional AF therapies is rising.*’ Therefore,
an increasing socio-economic burden, as well as the demand for struc-
tural and personal resources related to AF ablation, can be expected.
Studies comparing the economic characteristics of SDD and ONS
strategies show substantial cost savings associated with SDD.?3313652
The cost reduction achievable with saving hospital resources in SDD
has been calculated to amount to up to 63%.%* Depending on the re-
spective reimbursement system, the use of vascular closure devices in
SDD protocols may lead to additional costs regarding implant material
while savings can be achieved in facility, pharmacy, and other supplies
and services.>* Nevertheless, most studies included in this meta-analysis
report the safety of SDD with conventional sutures for vascular access
site management. In the context of SDD, post-discharge unplanned
medical contacts may also contribute to the economic burden asso-
ciated with AF ablation. Deyell et al. report that health care utilization
remains high both in SDD and ONS, particularly due to arrhythmia re-
currence and post-procedural chest pain or pericarditis. However,
rates of ER visits did not differ between SDD and ONS protocols in
their study. Importantly, also our meta-analysis showed no increase
in post-procedural medical contacts via emergency services or re-
hospitalization in SDD compared with ONS.

Apart from potential structural and economic advantages, SDD after
catheter ablation of AF has been shown to increase patient satisfaction.>>>¢

In a recent survey, 50% of eligible patients at a high-volume ablation
centre would have favoured an SDD strategy after AF ablation.>®
Major concerns, if present, were uncertainties regarding potential post-
procedural complaints or recognition of post-discharge complications.
This is in line with concerns reported by physicians, which also state
the fear of increased re-hospitalization rates as one factor preclud-
ing the implementation of SDD protocols.'® Even though the data
from this meta-analysis cannot confirm this notion, patients’ and
physicians’ concerns additionally highlight the need for optimized
processes and clinical assessment prior to discharge and, ideally, a
concept of post-discharge contact, e.g. by nurse-led telephone con-
tacts shortly after discharge as described in some studies included in
this meta-analyses,?">*3"32

Even though current evidence suggests that SDD constitutes a safe
and feasible concept, SDD is implemented in only a minority of
European centres.’*'® According to recent European surveys, national
reimbursement practices partially explain favouring ONS, whereas bed
availability has substantial influence on planning of elective proce-
dures.">"® Consequently, more robust evidence on patient selection,
structural prerequisites, and, most importantly, safety of SDD is needed
in order to evaluate its feasibility on a broad basis. Future randomized
controlled studies to confirm the benefit of SDD after AF should focus
on including patients representing a ‘real-world’ cohort. This is of par-
ticular importance as patients referred for AF ablation now and in the
coming years are becoming older and suffer from more cardiac and
non-cardiac co-morbidities, as the technologies are becoming safer
and evidence for beneficial effects of AF ablation in specific high-risk co-
horts, e.g. advanced heart failure, accumulates.” Therefore, reduction of
exclusion criteria regarding age and co-morbidities would strengthen
the transferability of the results into clinical practice. Only if the barrier
for SDD is lowered in a truly representative AF patient cohort, a rele-
vant increase in SDD rates can be achieved, providing that reimburse-
ment and structural prerequisites support this strategy. As the
endpoints of serious complications and mortality are rare events after
SDD, a RCT comparing SDD and ONS should rather target a com-
bined endpoint including both clinical and patient-reported outcomes
(e.g. quality of life and patient satisfaction) and resource utilization.
This approach would have the benefit of allowing a smaller sample
size and also test the fundamental assumption that the two strategies
should be equally safe and not differ in terms of readmission rates.
Accordingly, the results presented in this meta-analysis of recent evi-
dence can be a basis for the conceptualization of such future scientific
endeavours.

Limitations

The main limitation of our analysis is the low quality of evidence, which
can be explained, at least partially, by the non-randomized nature of
most studies. In fact, a selection bias within most studies cannot be ru-
led out and it might be possible that healthier patients undergoing un-
complicated procedures were selected for SDD as compared with
ONS.

Due to limited data, we could not evaluate the impact of population
baseline differences and other potential residual confounders on
pooled estimates.

Although we performed several sensitivity and subgroup analyses, we
observed a significant degree of heterogeneity in outcomes’ estimates.
However, this finding can be related to different study design, popula-
tions, and assessment of outcomes. Additionally, variations in SDD
protocols or different pre-specified study- or centre-specific criteria re-
garding patient selection constitute another limitation as to the general-
izability of the results. Due to different patient selection criteria across
studies and exclusion of patients at higher risk of complications due to
age or co-morbidities in many studies, subgroup analyses regarding patients
in which SDD is not yet common (e.g. elderly or frail patients) or direct
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comparison of ablation techniques (e.g. RF, cryoablation, and PFA®”)
were not feasible. Another potential limitation of the current meta-
analysis is that short-term complications after discharge may have
been underestimated in the ONS cohort as some of them would
have occurred during extended hospitalization compared with SDD.
However, as other studies have shown that most complications after
AF ablation occur during the first 6 h after the procedure, this potential
limitation seems unlikely.

Finally, despite our rigorous search strategy and study evaluation
process, it might be possible that some studies were not included.

Therefore, our findings should be interpreted with caution and as hy-
potheses generating.

Conclusion

In this large meta-analysis of the current and most recent evidence
on SDD after AF ablation, short-term and 30-day complications, re-
hospitalization/ER visits, and 30-day mortality were rare and not elevated
after SDD in comparison with ONS. Further large-scale prospective, ran-
domized trials are needed in order to confirm safety of SDD after AF ab-
lation and define patient-related eligibility criteria and optimal peri-SDD
protocols.
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