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ABSTRACT
Background: : The rhythm-monitoring strategy after catheter ablation
(CA) for atrial fibrillation (AF) impacts the detection of atrial arrhythmia
recurrence and is not well characterized. We performed a systematic
review and meta-regression analysis to determine whether the dura-
tion and mode of rhythm monitoring after CA affects detection of atrial
arrhythmia recurrence.
Methods: Databases were systematically searched for randomized
controlled trials of adult patients undergoing first CA for AF from 2007
to 2021. Duration and strategy of rhythm monitoring were extracted.
Meta-regression was used to identify any association between duration
of monitoring and detection of atrial arrhythmia recurrence. The pri-
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R�ESUM�E
Contexte : La strat�egie qui consiste à surveiller le rythme cardiaque
après une ablation par cath�eter dans le traitement de la fibrillation
auriculaire (FA) a un effet sur la d�etection de r�ecidive de l’arythmie
auriculaire, mais elle n’est pas bien d�efinie. Nous avons men�e une
revue syst�ematique et une m�eta-r�egression pour d�eterminer si le
mode employ�e pour surveiller le rythme après une ablation par cath-
�eter et la dur�ee de cette surveillance ont un effet sur la d�etection de
r�ecidive de l’arythmie auriculaire.
M�ethodologie : Des bases de donn�ees ont �et�e syst�ematiquement
�epluch�ees à la recherche d’essais contrôl�es randomis�es men�es auprès
d’adultes subissant leur première ablation par cath�eter pour une FA
Atrial fibrillation (AF) is the most prevalent cardiac
arrhythmia worldwide and is associated with impaired quality
of life (QoL), heart failure, thromboembolic events, and
mortality.1-4 AF-related morbidity has led to increased
healthcare expenditure and is burdening healthcare systems
around the world.5-10 Multiple randomized studies have
shown that catheter ablation for AF improves QoL, reduces
cardiovascular hospitalization and mortality, and is superior to
antiarrhythmic therapy for maintaining sinus rhythm in
subjects with paroxysmal AF (PAF).11-22 More recently, the
Early Treatment of Atrial Fibrillation for Stroke Prevention
Trial 4 (EAST-AFNET 4) trial has shown that early rhythm
control therapy is associated with a lower risk of adverse
cardiovascular outcomes compared to usual care among pa-
tients with AF, suggesting that rhythm control should be the
preferred strategy in most individuals with AF.23

Post-ablation symptoms correlate poorly with arrhythmia
recurrence, irrespective of pre-ablation symptoms.24,25

Accordingly, postprocedural follow-up strategies consist of
regular intermittent or continuous ambulatory rhythm
n Cardiovascular Society. This is an open access article under the CC BY-NC-
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mary measure of outcome was single-procedure recurrence of atrial
arrhythmia.
Results: The search strategy yielded 57 trial arms from 56 random-
ized controlled trials comprising 5322 patients: 36 arms of patients
with paroxysmal AF (PAF), and 21 arms of patients with persistent AF
(PeAF) or both PAF/PeAF. Intermittent monitoring was associated with
detection of significantly less atrial arrhythmia recurrence than
continuous monitoring in PAF arms (31.2% vs 46.9%, P ¼ 0.001), but
not in PeAF/PAF-PeAF combined arms (43.3% vs 63.6%, P ¼ 0.12).
No significant relationship was seen between the duration of inter-
mittent rhythm monitoring and atrial arrhythmia recurrence detection
in either the PAF (P ¼ 0.93) or PeAF/PAF-PeAF combined arms (P ¼
0.20).
Conclusions: Continuous rhythm monitoring detected higher atrial
arrhythmia recurrence rates, compared to intermittent rhythm moni-
toring, in patients with PAF. The duration of intermittent monitoring did
not show a statistically significant relationship to the yield of
arrhythmia detection, in near identical cohorts of trial subjects un-
dergoing similar interventions, with clinical and research implications.

entre 2007 et 2021. La dur�ee et la strat�egie utilis�ees dans la sur-
veillance du rythme ont �et�e recens�ees. La m�eta-r�egression a �et�e uti-
lis�ee pour d�eceler tout lien entre la dur�ee de la surveillance et la
d�etection d’une r�ecidive de l’arythmie auriculaire. Le paramètre
d’�evaluation principal �etait la r�ecidive de l’arythmie auriculaire avec
une seule intervention.
R�esultats : La strat�egie de recherche a fait ressortir 57 groupes de 56
essais contrôl�es randomis�es comprenant 5 322 patients : 36 groupes
de patients pr�esentant une FA paroxystique et 21 groupes de patients
pr�esentant une FA persistante ou ces deux types de FA (paroxystique
et persistante). La surveillance intermittente a �et�e associ�ee à une
moins grande d�etection de cas d’arythmie auriculaire r�ecidivante,
comparativement à la surveillance constante (31,2 % vs 46,9 %, p ¼
0,001), ce qui n’a pas �et�e le cas dans les groupes où les types de FA
(persistante ou paroxystique et persistante) �etaient combin�es (43,3 %
vs 63,6 %, p ¼ 0,12). Aucun lien notable n’a �et�e observ�e entre la dur�ee
de la surveillance intermittente du rythme et la d�etection de l’arythmie
auriculaire r�ecidivante dans le groupe FA paroxystique (p ¼ 0,93) ou
dans le groupe des types de FA combin�es (p ¼ 0,20).
Conclusions : Le taux de d�etection de l’arythmie auriculaire
r�ecidivante �etait plus �elev�e avec la surveillance constante qu’avec la
surveillance intermittente chez les patients atteints de FA paroxys-
tique. La dur�ee de la surveillance intermittente n’a pas eu de lien
statistiquement significatif avec le rendement de d�etection de l’ar-
ythmie, dans des cohortes presque identiques de participants aux
essais subissant des interventions similaires, comportant des impli-
cations cliniques ou exp�erimentales.
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monitoring in addition to symptom-driven rhythm assess-
ments. Intermittent rhythm monitoring includes standard 12-
lead electrocardiograms, transtelephonic monitoring systems,
patient-activated event recorders, Holter monitors, and newer
handheld recording devices.26,27 Continuous rhythm moni-
toring includes implantable loop recorders (ILRs), pace-
makers, or implantable cardiac defibrillators (ICDs). Although
international consensus guidelines for studies assessing abla-
tion in PAF recommend a minimum of one 24-hour Holter
in addition to regular event recording throughout the follow-
up period, the optimal frequency and duration of monitoring
are not known.5

Observational and randomized prospective studies have
suggested that continuous rhythm monitoring detects more
recurrent arrhythmia than intermittent monitoring, and that
a longer total duration of intermittent rhythm monitoring
results in more arrhythmia detection.28-32 Continuous
rhythm-monitoring devices are more expensive, require im-
plantation, and may not be available in all healthcare set-
tings. Conversely, prolonged-duration intermittent rhythm
monitoring can be burdensome for patients and can result in
reduced compliance.33

In this systematic review with meta-analyses, we assessed
the postprocedural rhythm-monitoring strategies in ran-
domized controlled trials (RCTs) of AF ablation, to
establish the impact of duration and frequency of rhythm
monitoring on AF recurrence rates. We hypothesized that
studies with a higher frequency and longer duration of
rhythm monitoring would report increased rates of
arrhythmia recurrence.
Methods
Research ethics board approval for this type of research is

not required at our institution. This study has been reported
per the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines (Supplemental Appendix
S2). The search and study protocol were registered on the
International Prospective Register of Systematic Reviews
(PROSPERO) (CRD42020161817). This systematic reveiw
represents a protocol deviation in that we directed our analysis
to trial arms of patients undergoing solely pulmonary vein
isolation (PVI).

Search strategy

The search strategy was designed with the help of an
experienced cardiology research librarian and can be found in
the Supplemental Appendix S1. MEDLINE, Embase, and the
Cochrane Central Register of Controlled Trials (CENTRAL)
were searched for the date range of January 31, 2007 to
September 22, 2021. The search dates were chosen after
consensus discussion among the authors, as ablation technology
prior to 2007 was less well established. All references of eligible
studies and the ClinicalTrials.gov registry were searched to
identify other eligible studies. The grey literature was not
searched. Abstracts were screened independently and in
duplicate by 4 authors (R.U., L.P., W.A., and A.Z.), with any
positive screen subject to full-text review. Full-text review was
performed in duplicate by 3 reviewers (R.U., J.Z., R.O.), with
discrepancies resolved through consensus discussion among
authors. A senior author was consulted for any unresolved
disagreements (G.N., P.N.).

http://ClinicalTrials.gov


Table 1. Trial and patient characteristics of randomized controlled trials of AF ablation from 2007 to 2021, with a study arm of solely PVI or
pulmonary vein antrum isolation

Characteristic Paroxysmal AF Persistent AF Mixed paroxysmal and persistent AF

Number of arms 36 9 12
Number of patients in PVI arms (%) 2944 (55.4) 744 (14.0) 1624 (30.6)

Male 1988 (67.5) 523 (70.2) 1169 (72.0)
Female 956 (32.5) 221 (29.8) 455 (28.0)

Age, y 59.4 (4.1) 60.5 (3.6) 59.9 (4.8)
LAD, mm 40.5 (2.5) 44.4 (1.44) 43.2 (3.1)
LVEF, % 60.9 (3.7) 57.4 (3.3) 62.3 (2.3)
Diabetes, % 8.3 (5.5e1.7) 8.9 (3.4e16.8) 12.0 (3.7e14.7)
Hypertension, % 40.5 (35.7e52.8) 49.5 (47.8e57.1) 56.3 (43.1e61.6)
Stroke, % 6.0 (3.0e7.7) 8.1 (7.9e9.0) 10.8 (4.0e20.7)
Heart failure, % 3.6 (1.4e10.5) 11.3 (3.8e19.2) 8.9 (3.0e16.9)

Values are median (interquartile range) or mean (standard deviation), unless otherwise specified. LAD was reported in 51 study arms; LVEF was reported in 41
arms; hypertension was reported in 54 arms; stroke was reported in 33 arms; diabetes was reported in 43 arms; and heart failure was reported in 22 arms.

AF, atrial fibrillation; LAD, left atrial diameter; LVEF, left ventricular ejection fraction; PVI, pulmonary vein isolation.
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Study eligibility

Studies were included if they were RCTs assessing first-
time catheter ablation for PAF or persistent AF (PeAF) in
adult patients (age � 18 years) and reported an endpoint of
single-procedure freedom (or recurrence) of atrial arrhythmia
(AF, atrial flutter [AFL], or atrial tachyarrhythmia). In addi-
tion, one of the trial arms had to have used PVI or pulmonary
vein antral isolation (both referred to here as PVI), with no
other left-sided interventions (eg, mitral isthmus line), and
with no other intervention drugs. Only studies published in
English were included.

Studies were excluded if they assessed surgical or hybrid
ablation, atrioventricular nodal ablation, atrial flutter ablation,
or repeat ablation procedures. They were also excluded if they
reported less than 12 months of follow-up or did not provide
sufficient detail surrounding monitoring to calculate total
duration of rhythm monitoring. Long-term follow-up reports
of already included studies were excluded.

Data extraction

All data extraction was done independently and in
duplicate (by R.U. and one of J.Z., R.O., N.F.H., and R.P.),
with all discrepancies resolved through consensus discussion.
Data extraction was performed using DistillerSR (Evidence
Partners, Ottawa, ON) and stored in Microsoft Excel
(Redmond, WA). Patient demographics, comorbidities, and
echocardiographic features (left atrial diameter and left ven-
tricular ejection fraction) were extracted. Procedural data
were extracted, including the type of ablation lesion sets,
energy source, and antiarrhythmic drug use. Postprocedural
rhythm monitoring data were extracted, including the
number of monitoring instances in the follow-up period and
the duration of each monitoring instance (eg, 72-hour
Holter monitoring performed every 3 months). Assessment
of bias was conducted through a validated quality-assessment
tool used for RCTs (maximum, 13 points; poor, � 5 of 13;
intermediate, 6-9 of 13; and high, � 10 of 13) derived from
validated quality-assessment tools.34,35 The results of the
quality assessment showed that all the trials were of high
quality (one of the RCTs scored 13 of 13, and all others
scored 12 of 13 on the quality score). The results are sum-
marized in Supplemental Table S1.
Duration of monitoring

To determine the duration of monitoring for a patient in
the first 12 months, the number of monitoring instances
outside of the blanking period was multiplied by the duration
of each monitoring instance (eg, 4 occurrences � 7-day Holter
monitoring ¼ 28 days). Blanking periods were respected in
calculations. For continuous monitors, the duration of moni-
toring in the first 12 months outside of the blanking period was
assigned as 274 days. Regular 12-lead electrocardiograms and
transtelephonic monitoring were assumed to have a negligible
duration of monitoring when combined with another modality;
however, if transtelephonic monitoring was the sole rhythm-
monitoring strategy, it was assigned a total duration of 1 day.
For studies with a mean follow-up greater than 1 year, the
number of months after 1 year was multiplied by the frequency
of monitoring instances after 1 year, to yield the total duration
of monitoring after 1 year.

Handling of multiple definitions for atrial arrhythmia
recurrence

As multiple definitions for atrial arrhythmia were used in
the various studies, the following definitions were used hier-
archically, per expert consensus recommendations: (i) single-
procedure recurrence of AF, AFL, or atrial tachyarrhythmia
of at least 30 seconds duration, off antiarrhythmics; (ii) single-
procedure recurrence of AF, AFL, or atrial tachyarrhythmia of
any duration, off antiarrhythmics; (iii) single-procedure AF of
at least 30 seconds duration off antiarrhythmic therapy; (iv)
single-procedure AF or AFL of any duration; and (v) single-
procedure AF of any duration.5

Data analysis

The primary outcome was single-procedure recurrence rate
of atrial arrythmia. Studies were analyzed separately, based on
type of AF, to reduce heterogeneity across studies, given
known differences in recurrence between PAF and PeAF. For
studies including patients with both PeAF and PAF, analysis
was done with the PeAF (referred to as PeAF/Combined).

Descriptive statistics are provided as medians with inter-
quartile ranges, and 95% confidence intervals (CIs) where
appropriate. Meta-analysis of recurrence rates was performed
using inverse variance random-effect models in each



Figure 1. Rates of atrial arrhythmia recurrence as detected in pulmonary vein isolation arms of randomized controlled trials of atrial fibrillation (AF)
ablation from 2007 to 2021. Arms are grouped by type of AF and duration of study follow-up. Square markers indicate the point estimate of AF
recurrence. The size of each square is proportional to the corresponding weight of the given study. Horizontal lines indicate 95% confidence interval
(CI). Solid diamonds represent the estimated 95% CI for the recurrence rate of all pooled trial arms. IV, intra venous; PAF, paroxysmal atrial
fibrillation; PeAF, persistent atrial fibrillation (including studies with combined PeAF and PAF); SE, standard error. A complete list of trial references
can be found in the Supplemental References.
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subgroup. To compare the difference of arrhythmia recur-
rence between subgroups, c2 tests were used. The heteroge-
neity was assessed by examining the forest plots and results of
the I2 statistics. If the effects observed across studies were
inconsistent and varied to a large extent (eg, I2 > 50%), the
results were explored to assess whether the difference could be
explained by clinical or methodological features. The meta-
regression method was used to assess the effect of duration
of monitoring on arrhythmia recurrence using mixed-effects
logistic regression models. All meta-analysis was performed
using Review Manager 5.3 (Cochrane Collaboration,
Copenhagen, Denmark) and Comprehensive Meta-analysis
V3 (Biostat, Englewood, NJ). The significance threshold
was set at P < 0.05. All data analyses and details of statistical
analyses are available via the corresponding author.
Results
The study flow diagram is provided in the Supplemental

Figure S1. Our search strategy identified 15,603 unique
studies, with 2583 records undergoing full-text screening. A
total of 57 arms comprising 5312 patients, from 56 RCTs in
which radiofrequency PVI or pulmonary vein antrum isola-
tion was the only left-sided ablation that took place, and in
which no medication or imaging intervention was received.
One RCT36 compared medical therapy to a treatment arm of
ablation with radiofrequency PVI only; therefore, the treat-
ment arm was included. One study37 included 2 different
intervention protocols stratified by type of AF (PAF vs non-
PAF), for a total of 4 arms. We included 2 eligible arms in
our PAF and PAF/PeAF combined analyses, respectively
(Supplemental Table S2).

Demographics and study endpoints

Of the PVI arms, 36 were arms of patients with PAF (2944
patients), and 21 were arms of patients with either PeAF or
both PAF/PeAF (2368 patients; Table 1). Overall, the prev-
alences of major comorbidities, including diabetes, hyperten-
sion, and stroke/transient ischemic attack, were similar. The
means and standard deviations for left ventricular ejection
fraction, left atrial diameter, as well as postprocedure antiar-
rhythmic drug use were also similar within arms.

Quality of RCTs and bias assessment

Recurrence endpoints. For the definition of atrial
arrhythmia recurrence, the majority of arms (32; 56%) re-
ported the recurrence endpoint of AF or atrial tachyar-
rhythmia lasting greater than 30 seconds. Two studies (4%)
utilized AF or antiarrhythmia > 60 seconds; 6 studies (11%)
used AF and atrial tachycardia > 30 seconds; 7 studies (12%)



Table 2. Post-procedural rhythm-monitoring devices and duration in
randomized controlled trials of AF ablation between 2007 and 2021,
with a study arm of solely pulmonary vein isolation or pulmonary vein
antrum isolation

Intermittent rhythm-
monitoring device and
intensity, n*

All
arms

PAF
arms

PeAF/combined
arms

Holter 51 32 19
24-h 25 15 10
48-h 10 6 4
72-h 5 2 3
168-h 10 9 1

Event monitor
72-h 1 1 d
168-h 1 1 d
30-d 1 1 d
5-mo 1 1 d
6-mo 1 1 d

2-wk loop recorder 1 1 d
Transtelephonic monitor 4 3 1

Continuous rhythm-
monitoring devices

6 4 2

Implantable loop monitor
(continuous)

5 4 1

Permanent pacemaker or ICD 1 d 1
Study arms using 1 device in

addition to regular
ECGs

47 (82.5) 29 (80.6) 18 (85.7)

Study arms using 2 devices in
addition to regular
ECGs

10 (17.5) 7 (19.4) 3 (14.3)

Duration of rhythm
monitoring, median
(IQR), d

9 (4, 21) 10 (4, 22) 5 (3, 9)

Duration of rhythm
monitoring in
intermittent rhythm-
monitoring strategies,
median (IQR), d

8 (4, 12) 9.5 (4, 20) 4.1 (3, 9)

Shortest measured duration of
rhythm monitoringy d

2 2 2

Longest measured duration of
intermittent rhythm
monitoring, d

90 90 21

Values are n or n (%), unless otherwise specified. All studies collected
standard 12-lead electrograms at each follow-up clinic visit and symptoms-
based ambulatory ECG monitoring.

AF, atrial fibrillation; ECG, electrocardiogram; ICD, implantable cardiac
defibrillator; IQR, interquartile range; PAF, paroxysmal AF; PeAF, persistent
AF.

* The number of devices is greater than the number of arms included, as
some included studies used multiple rhythm-monitoring devices.

yMinimum duration excludes transtelephonic monitoring, which is
assigned a duration of < 1 day.
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utilized AF > 30 seconds; 3 studies (5%) utilized AF > 60
seconds; and 2 studies (4%) used 0% AF burden/any AF. One
study (2%) (for each of the following) utilized: arrhythmia (no
other qualifiers); palpitations/AF/AFl > 30 seconds; AF or
atypical AFl � 2 minutes; AF � 2 minutes; AF (no other
qualifiers); and “AF or atrial arrhythmia > 30 seconds or
antiarrhythmic drug prescription or repeat ablation.”

Duration of rhythm monitoring and PVI-arm rhythm-
monitoring strategies. The pooled recurrence rate among
the PVI-PAF arm was 33.7% (95% CI, 28.82% to 38.55%;
I2 ¼ 88% for overall group; I2 ¼ 80.1% for subgroup dif-
ferences). Among the PeAF/Combined arms, the pooled
recurrence rate was 46.1% (95% CI, 37.8% to 54.4%; I2 ¼
94% for overall group; I2 ¼ 23.4% for subgroup differences).
The heterogeneity index is high in the RCTs included in our
systematic review, as the intervention arms are different in
each of the RCTs. This difference is the reason that we
selected subjects exclusively from the arms of the RCTs un-
dergoing PVI (a well-established and standardized interven-
tion) and performed meta-regression analysis and not meta-
analysis (between-group comparison) in order to reduce het-
erogeneity. In addition, the monitoring strategies used in these
RCTs were varied in duration and type of monitoring, and
this also contributed to the observed heterogeneity (Fig. 1).
Most of the included arms utilized intermittent rhythm-
monitoring strategies for AF recurrence detection, and used
single-device strategies to do so (Table 2). Fifty study arms
(88%) utilized Holter monitors, and 5 (11%) used ILRs or
non-ILR cardiac implantable electronic devices. Of the studies
that employed intermittent rhythm monitoring, the median
duration of rhythm monitoring, excluding measurements
made during a 3-month blanking period, was 10 days in PAF
arms and 5 days in the PeAF/Combined arms. Only one study
(Iskandar et al. 2017; all references for trials in the systematic
review are listed in the Supplemental Appendix S1) utilized
solely patient-activated rhythm monitoring with a 30-day
event monitor 3 times within a mean 12-month follow-up
period.

Intermittent vs continuous monitoring and effect of trial
follow-up length. Among the PVI-PAF arms, there was less
atrial arrhythmia recurrence detected in arms that underwent
intermittent monitoring vs continuous monitoring (31.2% vs
46.9%, P < 0.01; Fig. 2). Less atrial arrhythmia recurrence
was detected with intermittent monitoring among the PVI-
PeAF/Combined arms, but the difference was not significant
(43.3% vs 63.6%, P ¼ 0.12).

Among the PVI-PAF arms with intermittent rhythm
monitoring, atrial arrhythmia recurrence was not significantly
different in arms with a follow-up of 12 months, compared to
arms that were followed for longer than 12 months (35.1% vs
29.1%, P ¼ 0.24). Similarly, among the PVI-PeAF/
Combined arms with intermittent monitoring, no difference
in atrial arrythmia recurrence rates was detected between arms
followed for 12 months, compared to patient arms followed
for longer than 12 months (46.2% vs 40.1%, P ¼ 0.63).
There were no arms of PVI-PAF or PVI-PeAF/Combined
with continuous monitoring followed for greater than 12
months.

Duration of intermittent rhythm monitoring on detec-
tion of atrial arrhythmia recurrence. Among the PVI-PAF
arms that performed intermittent rhythm monitoring, there
was no significant correlation between atrial arrhythmia
recurrence and duration of rhythm monitoring (P ¼ 0.93;
Fig. 3A). Excluding the outlier study by Iskandar et al. (all
references for trials in the systematic review are listed in the
Supplemental Appendix S1), there was still no significant
increase in atrial arrhythmia recurrence (P ¼ 0.76;
Supplemental Fig. S4). Similarly, among the PVI-PeAF/



Figure 2. Pulmonary vein isolation arms and type of monitoring.
Pooled atrial arrhythmia recurrence rates of pulmonary vein isolation
arms of randomized controlled trials of atrial fibrillation ablation from
2007 to 2021, by type of atrial fibrillation and monitoring. The
diamonds represent the mixed-effects analysis of pooled recurrence
rates for each group of trial arms. The short horizontal lines represent
the upper and lower bounds of 95% confidence intervals. PAF,
paroxysmal atrial fibrillation; PeAF, persistent atrial fibrillation.
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Combined arms that underwent intermittent rhythm moni-
toring, no significant increase in atrial arrhythmia recurrence
was found with increased duration of rhythm monitoring
(P ¼ 0.20; Fig. 3B). Fixed and random-effects cumulative
meta-analyses were also performed for both PVI-PAF and
PVI-PeAF arms, which also did not reveal significant trends in
recurrence rate with increasing duration of rhythm moni-
toring (Supplemental Figs. S2 and S5).
Discussion
In this systematic review, we examined postprocedural

rhythm-monitoring strategies used in RCTs of catheter abla-
tion for AF. There was a significant increase in detection with
continuous-monitoring devices, compared to that with inter-
mittent monitoring in studies of PAF, but not in those of
PeAF or combined PAF/PeAF. We found no significant in-
crease in the detection of atrial arrhythmia with increasing
total duration of intermittent rhythm monitoring in studies of
both PAF and PeAF. We also found no significant difference
in arrhythmia recurrence in trials with a total duration of 12
months (or less), compared to those greater than 12 months.

Intermittent vs continuous monitoring

Our finding of a significant difference in recurrence rates
between intermittent and continuous monitoring in patients
with PAF is reflected in the results from recent large RCTs.
The Cryoballoon vs Irrigated Radiofrequency Catheter
Ablation: Double Short vs Standard Exposure Duration
(CIRCA-DOSE) and Early Aggressive Invasive Intervention
for Atrial Fibrillation (EARLY-AF) clinical trials of catheter
ablation for AF both used continuous monitoring for post-
procedure follow-up and demonstrated low AF-free survival,
due to the continuous-monitoring strategy used after catheter
ablation.18,32 Two similar clinical trials using intermittent/
symptom-guided monitoring strategies showed much higher
AF-free survival.17,38 Both the EARLY-AF18 and the Sus-
tained Treatment of Paroxysmal Atrial Fibrillation (STOP
AF)17 studies compared drug therapy vs cryoablation for early
PAF. The EARLY-AF study used ILR/continuous monitoring
with 57.1% freedom from recurrence outcome in the ablation
arm, whereas the (STOP-AF) study used Holter/intermittent
monitoring with a 74.6% freedom from recurrence outcome
in the ablation arm. These differences likely reflect failure to
detect asymptomatic AF episodes occurring during unmoni-
tored epochs in the follow-up period.

Our systematic review suggests that when intermittent
rhythm-monitoring strategies were used for detection of atrial
arrhythmia recurrence, the duration of intermittent moni-
toring (median duration, 7 days) did not show a statistically
significant relationship to the yield of arrhythmia detection, in
near identical cohorts of trial subjects undergoing similar in-
terventions. This finding is most probably related to the
relatively short duration of intermittent monitoring (24 hours
to 7 days, 1 to 3 times in the year following catheter ablation)
in these clinical trials. Very few trials had longer durations of
intermittent monitoring (eg, 14 days, 3 times in a year).
Although the short duration of intermittent monitoring limits
the ability to identify the true incidence of recurrent ar-
rhythmias after catheter ablation and arrhythmia burden, it
can suffice to evaluate the comparative efficacy of 2 different
catheter ablation strategies in clinical trials.

The absence of a significant difference between intermit-
tent and continuous monitoring in the PeAF/Combined arms
may be due to a limited number of studies in the combined
arms (only 2 studies). However, it may also reflect that the
recurrence in patients with PeAF is more frequent and
persistent by nature, reducing the potential benefit gained
from continuous monitoring. In PAF, transient episodic re-
currences, regardless of their symptomology, may be missed
by intermittent rhythm monitoring, thus leading to a greater
relative increase in arrhythmia detection with continuous
monitoring.

From a clinical perspective, continuous-monitoring stra-
tegies in AF ablation clinical trials offer the following advan-
tages: the true incidence of recurrent arrhythmias and burden
of AF recurrence may offer novel endpoints compared to the
binary outcome of 30 seconds of sustained atrial arrhythmias
that is currently used as a primary outcome in most AF
catheter ablation trials.

Reduction of AF burden may be a more meaningful
endpoint than 30 seconds of asymptomatic AF from the pa-
tient’s perspective. Continuous monitoring can rule out
recurrent atrial arrhythmias with greater certainty compared to
intermittent-monitoring strategies and assist the clinician and
patient with the decision regarding discontinuation of sys-
temic oral anticoagulation in subjects without symptomatic
AF, but with a risk factor that necessitates ongoing systemic



Figure 3. Duration of intermittent rhythm monitoring and atrial arrhythmia recurrence rate in pulmonary vein isolation arms of randomized controlled
trials of atrial fibrillation ablation from 2007 to 2021. Circles represent arms of patients and logit recurrence rates of atrial arrhythmia. The solid
lines show mixed-effects logistic regressions of duration of rhythm monitoring and logit atrial arrhythmia recurrence for (A) paroxysmal atrial
fibrillation (PAF) arms and (B) persistent AF (PeAF)/Combined PeAF and PAF arms.
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oral anticoagulation. The higher incidence of recurrent
arrhythmia detected using ILR-based strategies has implica-
tions for sample size calculations in clinical trials evaluating
the efficacy of treatment strategies for AF. From a trial design
perspective, continuous monitoring not only allows accurate
comparisons of AF burden with different ablation strategies,
but also has a higher arrhythmia detection rate, which may
result in smaller sample size requirements to evaluate in-
terventions, thereby reducing the cost of RCTs.

Duration of intermittent monitoring

In 2006, Ziegler et al. examined pacemaker records of 576
patients and simulated intermittent rhythm-monitoring stra-
tegies of different durations by randomly selecting a number of
days to see if AF was detected.39 A lower monitoring duration
was found to have significantly less sensitivity for detection of
arrhythmia recurrence compared to higher total monitoring
duration and continuous rhythm-monitoring strategies. Similar
simulation and observational studies examining this topic have
suggested similar conclusions.28,29,40 Our findings challenge
those of these earlier studies and suggest that small differences
in monitoring duration (for example, 3 days vs 12 days in 1
year) are likely irrelevant with respect to the sensitivity of
arrhythmia recurrence detection (Supplemental Table S3 and
Supplemental Fig. S3).

One explanation for these findings may be that the true
effect of total duration of monitoring on detection of recur-
rence may be quite small compared to other predictors of
success (clinical profile, operator success, and technique).
Among the PVI-PAF arms, we found a 13.3% difference in
recurrence between all intermittent monitoring and contin-
uous monitoring. This relatively small difference suggests even
smaller incremental gains in arrhythmia detection when
intermittent monitoring duration is increased from 3 days to
21 days, for exampleda fraction of the days monitored with a
continuous-monitoring strategy. Also important to recall is
that a significant proportion of post-ablation arrhythmia
recurrence remains symptomatic. The Discerning Symptom-
atic and Asymptomatic Episodes Pre and Post Radiofrequency
Ablation of Atrial Fibrillation (DISCERN-AF) study found



Unni et al. 495
AF Monitoring Strategy: A Meta-regression Study
that although 56% of all episodes of AF/AFL were asymp-
tomatic, only 12% of patients had asymptomatic episodes
only.24 As symptomatic recurrences prompt additional
workup, such as emergency department visits and additional
ambulatory electrocardiographic monitoring, the relative effect
of more intensive rhythm monitoring may be quite small.

From a clinical perspective, our findings suggest that cli-
nicians using an intermittent rhythm-monitoring strategy
need not burden patients with several long and intensive
protocols, which may promote dropout from follow-up. Our
findings similarly suggest that trialists utilizing intermittent
rhythm monitoring can avoid costly follow-up protocols and
use a shorter duration of rhythm monitoring.

Over the past few years, consensus has been growing that
freedom from atrial arrhythmia may not be the only, or indeed
optimal, metric of success for catheter ablation.41 The CIRCA-
DOSE trial showed that despite a relatively low single-
procedure rate of freedom of arrhythmia, catheter ablation
reduced the total time in AF (burden of AF) by over 99%
compared to medical therapy.32 Although AF ablation may not
consistently cure AF, the reduction in AF burden may be
correlated to stroke risk, although this has not been conclusively
demonstrated.32,41 Our findings of relatively small differences
in single-procedure success rates despite large differences in
monitoring underline how existing studies of AF ablation using
this endpoint may not truly represent the efficacy of ablation.

We also found no significant increase in detection of atrial
arrhythmia in studies with 12 months of follow-up vs longer
than 12 months. This finding is supported by studies that
indicate the majority of AF recurrence occurs in the first 6
months post-ablation.42,43 Although these findings suggest
that trialists wishing to study ablation in specific scenarios may
not need to follow up patients for greater than 12 months,
further study is required.

Limitations

Our study has several limitations. First, several arms of
patients captured in our search strategy were excluded due to
additional left-sided ablations performed, or failure to suffi-
ciently detail the rhythm-monitoring strategy for total dura-
tion of rhythm monitoring to be calculated. Our meta-
regression analysis of arms of patients from different RCTs
relies on the similarity of patients within each arm and simi-
larity of technique. Although hypertension, the prevalence of
diabetes and stroke, and left atrial diameter were all largely
similar within both the PAF and PeAF/Combined groups of
study arms, confounders not reported in each study, such as
operator/centre experience and variations in ablation tech-
nique, may weaken the analysis. The limited number of
studies with patients undergoing continuous monitoring, and
the slightly different endpoints used for atrial arrhythmia
recurrence, may also affect analysis.

Additionally, studies using transtelephonic monitoring
were assigned a total duration of 1 day of rhythm monitoring
because this modality records very short electrocardiograms.
Other measures of intensity of monitoring (for example,
“number of days in which monitoring took place,” in which
case the relative intensity with transtelephonic monitoring
would be much higher than that in our study) were not
analyzed and are potential topics for additional analyses.
Conclusion
In conclusion, among patients undergoing PVI for AF,

continuous rhythm monitoring detected higher rates of atrial
arrhythmia recurrence compared to RCTs utilizing an inter-
mittent rhythm-monitoring strategy. However, among arms
undergoing intermittent rhythm monitoring, the total dura-
tion did not influence reported atrial arrhythmia recurrence.
These findings have important implications in the design of
RCTs evaluating treatments for AF, due to the impact of
outcome detection and event rates on estimation of sample
size, effectiveness of trial interventions, and the trial budget.
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