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Aims Delay of progression from paroxysmal to persistent atrial fibrillation (AF) is an important measure of long-term
success of AF treatment. However, published data on the impact of catheter ablation on AF progression are lim-
ited. This study evaluates whether radiofrequency (RF) catheter ablation delays the progression of AF compared
with antiarrhythmic drug (AAD) treatment using current AF management guidelines.

...................................................................................................................................................................................................
Methods This prospective, randomized, controlled, two-arm, open-label trial was conducted at 29 hospitals and medical

centres across 13 countries. Patients were randomized 1 : 1 to RF ablation or AAD treatment. The primary end-
point was the rate of persistent AF/atrial tachycardia (AT) at 3 years.

...................................................................................................................................................................................................
Results After early study termination following slow enrolment, 255 (79%) of the planned 322 patients were enrolled (RF

ablation, n= 128, AAD, n= 127); 36% of patients in the RF ablation group and 41% in the AAD group completed
3 years of follow-up. For the primary endpoint, the Kaplan–Meier estimate of the rate of persistent AF/AT at
3 years was significantly lower with RF ablation [2.4% (95% confidence interval (CI), 0.6–9.4%)] than with AAD
therapy [17.5% (95% CI, 10.7–27.9%); one-sided P= 0.0009]. Patients >_65 years were �4 times more likely to
progress to persistent AF/AT than patients <65 years, suggesting RF ablation can delay disease progression [hazard
ratio: 3.87 (95% CI, 0.88–17.00); P= 0.0727]. Primary adverse events were reported for eight patients in the RF ab-
lation group.

...................................................................................................................................................................................................
Conclusions Radiofrequency ablation is superior to guideline-directed AAD therapy in delaying the progression from paroxys-

mal to persistent AF.
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Introduction

Progression from paroxysmal to persistent atrial fibrillation (AF)
results in an increased risk of myocardial infarction, thromboembo-
lism, acute decompensation of heart failure, and stroke1,2; delay of
progression is therefore an important measure of cardiovascular
treatment outcome. However, published data on the long-term clini-
cal impact of treatment in delaying AF progression are limited.

Some studies have shown that, over follow-up periods of
1–5 years, there is a significant benefit of catheter ablation compared
with antiarrhythmic drug (AAD) treatment for reducing the recur-
rence of AF episodes in patients with paroxysmal AF.3,4 However,
none of those studies has assessed the prevention of progression to
persistent AF. Therefore, the objective of the current study was to
determine, in patients with paroxysmal AF, whether ablation treat-
ment using an irrigated catheter in conjunction with a three-
dimensional electroanatomic mapping system delays progression of
AF compared with drug therapy (either rate or rhythm control) using
current AF management guidelines.

Methods

Trial design and study participants
ATTEST was a prospective, multicentre, randomized, controlled, two-
arm open-label trial performed at 29 sites worldwide (Supplementary
material online, Appendix) between 13 February 2012 and 29 May 2018
(ClinicalTrials.gov Identifier: NCT01570361, https://clinicaltrials.gov/ct2/
show/NCT01570361). Full details of the inclusion and exclusion criteria
and definitions are presented in Supplementary material online, Table S1.
Briefly, adults >_60 years of age with paroxysmal AF for >_2 years and with
>_2 episodes over the 6 months preceding enrolment were included.
Eligible patients had failed treatment with 1–2 AADs, had a HATCH
score (hypertension = 1, age >75 = 1, transient ischaemic attack or
stroke = 2, chronic obstructive pulmonary disease = 1, heart failure = 2)

between 1 and 4, and were randomized (1 : 1; stratified by gender and
study site) to pulmonary vein isolation via radiofrequency (RF) ablation
or AAD therapy. Exclusion criteria included reversible AF, a previous di-
agnosis of persistent/permanent AF/atrial tachycardia (AT), cardioversion
>48 h after onset of AF/AT, and recent cardiovascular events.

Consent
The protocol, amendments, and informed consent forms were reviewed
and approved by ethics committees at each individual centre and local au-
thorities (as needed). The trial was conducted in accordance with Good
Clinical Practice Guidelines and the principles of the Declaration of
Helsinki. Written informed consent was obtained from all patients at the
time of their screening visit.

Interventions
In the RF ablation group, pulmonary vein isolation was achieved using an
irrigated catheter (6-hole irrigated THERMOCOOLVR catheter family
with or without contact force [CF] sensing or porous-tip
THERMOCOOLVR SF catheter, Biosense Webster, Inc., Irvine, CA, USA)
in conjunction with a 3-dimensional electroanatomic mapping system
(CARTOVR 3, CARTOVR XP, or CARTOVR RMT systems, Biosense
Webster, Inc., Irvine, CA, USA). Procedures were performed as per stan-
dard of care and processes required by the participating sites. In the AAD
group, medication was managed according to current guidelines5,6 at the
investigators’ discretion. At the time of trial enrolment, if patients ran-
domized to the AAD group had already been switched from a failed med-
ication to a new AAD, they continued with this agent after enrolment;
otherwise, a newly prescribed AAD regimen was initiated. Patients ran-
domized to AAD could cross over to the RF ablation group after optimi-
zation of AAD and management of noncompliance. For management of
arrhythmia recurrence, investigators’ usual clinical practice was followed
as closely as possible. Changes in AAD treatment during the trial were
permitted in accordance with current AF management guidelines.5,6

Follow-up procedures are described in detail in Supplementary material
online, Appendix.

Outcomes measured
The primary endpoint of the trial was the (first documented) occurrence
of persistent AF/AT, following a 90-day treatment initiation phase (‘blank-
ing period’) starting with randomization. Persistent AF/AT was defined as
AF/AT episodes monitored through TTM (>30 s, weekly TTM from Days
104–300, followed by monthly monitoring from Day 300 until the last
follow-up visit up to 3 years; additional daily TTM was conducted if AF
symptoms were present) lasting for >7 consecutive days or requiring ter-
mination by cardioversion after 48 h. Primary endpoint events were
assessed out to 3 years. Secondary endpoints included rates of persistent
AF/AT at 1 and 2 years, time to recurrent AF/AT, as well as the number
of repeat ablations and new AADs. Factors potentially associated with AF
progression, including gender, age, cardiac parameters, HATCH score,
and certain comorbid conditions, were also explored. Safety endpoints
are described in Supplementary material online, Appendix.

Statistical analysis
The trial hypothesis was that RF ablation for symptomatic paroxysmal AF
would demonstrate a longer time to persistent AF/AT compared with
AAD treatment. The primary endpoint of first documented occurrence
of persistent AT/AF was assessed by the Kaplan–Meier method [event
rate estimates at 3 years with 95% confidence intervals (CIs) derived
from the Kaplan–Meier curve] in the intention-to-treat (ITT) population
over 3 years of follow-up. The time to progression from paroxysmal to
persistent AF/AT was compared between treatment groups using a

What’s new?

• The ATTEST trial was a multicentre, randomized, prospective
study in patients with paroxysmal atrial fibrillation (AF)
designed to assess whether radiofrequency (RF) ablation is
more effective in delaying the progression to persistent AF
than antiarrhythmic drugs (AADs).

• Although study termination occurred due to slow enrolment,
the results demonstrated that patients treated with RF ablation
were significantly less likely to develop persistent AF or persis-
tent atrial tachycardia (AT) at 3 years post-study initiation than
patients treated with AADs.

• Patients >_65 years were significantly more likely to progress
to persistent AF/AT than patients <65 years, suggesting that
early RF ablation may be an effective treatment strategy for
delaying AF progression.

• This study demonstrates that catheter ablation may be a more
effective treatment option for patients with paroxysmal AF
than AAD therapy, thereby potentially offering additional clini-
cal value beyond the second-line, symptomatic treatment.
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one-sided superiority log-rank test with an overall a= 0.025; the one-
sided a was chosen since the primary objective of the study was to assess
whether RF ablation was superior to AAD in delaying AF progression to
persistent AF/AT. Additional statistical analysis methodology is provided
in Supplementary material online, Appendix.

Results

Patients
By the early termination date following slow enrolment,�1 year after
the second interim analysis, 79% (255 of 322) of the targeted sample
size was enrolled and randomized (ITT population). The ITT

population included 128 RF and 127 AAD patients, whereas the
safety population (all patients who received initial treatment as
assigned by randomization) included 225 patients (102 RF and 123
AAD); the PP population comprised 218 patients (95 RF and 123
AAD), and the as-treated population was the same cohort grouped
differently [110 RF (including 15 crossovers from AAD)] and 108
AAD only; Figure 1]. Demographic and baseline characteristics were
generally similar between the two treatment groups [ITT: mean ±
standard deviation (SD) age, 67.7 ± 4.7 years; male, 42%; Table 1].
Baseline AAD daily doses were similar in both groups
(Supplementary material online, Table S2). The overall TTM compli-
ance was 98.8%, 96.9%, and 86.2% at 1, 2, and 3 years, respectively.

Figure 1 Patient disposition. AAD, antiarrhythmic drug; ITT, intention-to-treat; PP, per-protocol; RF, radiofrequency.
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Intervention and treatment
The most commonly used catheters during the index ablation proce-
dure were 6-hole irrigated non-CF catheters (58.8%), followed by CF
catheters (31.4%; Supplementary material online, Table S3). The ma-
jority of patients initiated a new AAD regimen at the start of the trial
in the RF ablation group [94 of 127 patients (74.0%)], AAD group [82
of 108 patients (75.9%)], and crossover group [12 of 15 patients
(80.0%)]. About half of the patients in the RF ablation group [59 of
128 (46.1%)] and AAD group [68 of 127 (53.5%)] started a new
AAD regimen during the trial. The mean ± SD number of new AADs
initiated during the trial period was similar in both groups (RF abla-
tion, 0.8 ± 1.1; AAD, 1.0 ± 1.2). Excluding beta-blockers and calcium
channel blockers, 53 of 127 patients in the AAD arm (41.7%) and 30
of 128 patients in the RF ablation arm (23.4%) were initiated with
new Class I/III AADs (Supplementary material online, Table S4).
A summary of medication and dose after randomization throughout
the study follow-up period can be found in Supplementary material
online, Table S5. Complete pulmonary vein isolation was achieved in
all 102 patients (100%) who underwent the treatment. Additional
details on ablation outcomes are available in Supplementary material
online, Table S6.

Efficacy outcomes
In the ITT population, 2 patients in the RF ablation group and 15
patients in the AAD group had developed persistent AF/AT at
3 years (primary endpoint), corresponding to a significantly lower 3-
year Kaplan–Meier event rate estimate in the RF ablation group than
the AAD group [2.4% (95% CI, 0.6–9.4%) vs. 17.5% (95% CI, 10.7–

27.8%); one-sided P= 0.0009; Figure 2A]. Lower progression rates in
the RF ablation group than in the AAD treatment group were already
apparent at 1 and 2 years (secondary endpoints; point estimates,
1.3% vs. 6.5%, P= 0.0237 and 2.4% vs. 12.4%, P= 0.0082,
respectively).

Sensitivity analyses
Sensitivity analyses of the primary endpoint in the PP and as-treated
populations as well as in the ITT population using the Heart Rhythm
Society 2017 expert consensus definition of persistent AF confirmed
the above findings. In all three analyses, the Kaplan–Meier estimate of
the rate of persistent AF/AT at 3 years was significantly lower in the
RF ablation than the AAD group [PP population: 2.6% (95% CI, 0.6–
9.9%) vs. 20.6% (95% CI, 12.7–32.5%); one-sided P= 0.0003
(Figure 2B); as-treated population: 2.2% (95% CI, 0.5–8.5%) vs. 20.6%
(95% CI, 12.7–32.5%); one-sided P< 0.0001 (Figure 2C); ITT popula-
tion using the Heart Rhythm Society 2017 expert consensus defini-
tion of persistent AF: 0.0% vs. 14.9% (95% CI, 8.7–24.8%); two-sided
P= 0.0004 (Figure 2D)].

Factors associated with atrial fibrillation
progression
Using a Cox model with multiple baseline covariates and treatment
as the time-dependent covariate in the PP population, treatment mo-
dality was significantly associated with AF progression. Patients
treated with RF ablation, as opposed to AAD, were almost 10 times
less likely to develop persistent AF/AT [hazard ratio: 0.107 (95% CI,
0.024–0.47]; P= 0.0031]. Patients >_65 years were �4 times more

....................................................................................................................................................................................................................

Table 1 Baseline patient characteristics (ITT population)

Characteristica RF ablation (n5 128) AAD (n5127) Total (N5255)

Age, mean ± SD (years) 67.8(± 4.8 67.6 (± 4.6 67.7 (± 4.7

Male sex 54 (42.2) 53 (41.7) 107 (42.0)

Months since first experience of AF, median (range) 51.2 (19–625) 49.8 (25–366) 50.3 (19–625)

Number of AF/AT episodes during prior 6 months, median (range) 6.5 (2–180) 6.0 (0–180) 6.0 (0–180)

Lone AF 38 (29.7) 39 (30.7) 77 (30.2)

HATCH score,b mean ± SD 1.5(± 0.9 1.7 (± 0.9 1.6(± 0.9

Congestive heart failure 24 (18.8) 27 (21.3) 51 (20.0)

Hypertension 120 (93.8) 123 (96.9) 243 (95.3)

Cardiomyopathyc 6 (4.7) 2 (1.6) 8 (3.1)

Left ventricular hypertrophy 26 (20.3) 23 (18.1) 49 (19.2)

Atrial flutter 15 (11.7) 10 (7.9) 25 (9.8)

Diabetes 13 (10.2) 14 (11.0) 27 (10.6)

Hyperlipidaemia/dyslipidaemia 67 (52.3) 67 (52.8) 134 (52.5)

Renal insufficiency 3 (2.3) 4 (3.1) 7 (2.7)

Transient ischaemic attack/stroke 12 (9.4) 8 (6.3) 20 (7.8)

AAD class I/III at baseline 61 (47.7) 69 (54.3) 130 (51.0)

Left ventricular ejection fraction, mean ± SD (%) 61.8 (± 5.8 62.3 (± 5.2 62.0 (± 5.5

Left atrial diameter, mean ± SD (mm) 42.1(± 6.1 43.4 (± 5.6 42.7 (± 5.9

AAD, antiarrhythmic drug; AF, atrial fibrillation; AT, atrial tachycardia; ITT, intent-to-treat; RF, radiofrequency; SD, standard deviation.
aData are number of patients (%) unless otherwise specified.
bHATCH score was calculated as: hypertension = 1 point, age >75 years = 1 point, transient ischaemic attack or stroke = 2 points, chronic obstructive pulmonary disease = 1
point, and heart failure = 2 points.
cIncludes ischaemic, non-ischaemic dilated, and hypertrophic obstructive cardiomyopathy.
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likely [hazard ratio: 3.87 (95% CI, 0.88–17.00); P= 0.0727] to prog-
ress to persistent AF/AT than patients <65 years, suggesting early RF
ablation can delay disease progression.

In the ITT population, there were no baseline conditions that
significantly impacted the occurrence of AF/AT progression
(Figure 3).

Secondary endpoints
The incidence of recurrent AF/AT and recurrent AF was consistently
lower with RF ablation than with AAD treatment from 6 months
through the 3-year follow-up period (Supplementary material online,
Figures S1A and B). At 3 years, the Kaplan–Meier estimate of the rate
of recurrent AF/AT was significantly lower in the RF ablation group
than in the AAD group [49.2% (95% CI, 39.0–60.6%) vs. 84.8% (95%
CI, 76.0–91.7%); two-sided P< 0.0001]. The rates of AT recurrence
were similar between both groups. Excluding AT recurrence, the
Kaplan–Meier estimated rates of persistent AF at 3 years were 0.0%

in the RF ablation group and 10.2% in the AAD group (P= 0.0002;
Supplementary material online, Figure S2).

In the ITT population, there was a mean of 0.9 and 1.1 ablations in
the catheter ablation and crossover groups, respectively. The
Kaplan–Meier estimate of the rate of repeat ablations at 3 years was
17.1% (95% CI, 10.8–27.6%; Supplementary material online, Figure
S3). Kaplan–Meier estimates of the rate of new AADs at 3 years in
the ITT population were similar between the RF ablation group
[47.3% (95% CI, 37.3–58.6%)] and the AAD group [50.4% (95% CI,
40.2–61.4%); two-sided P= 0.411; Supplementary material online,
Figure S4], implying that, after the blanking period, about half the
patients in either treatment group underwent a change in their antiar-
rhythmic medication over the course of the study.

Safety outcomes
In the RF ablation group, adverse events (AEs) occurring within
7 days of the intervention (‘primary’ AEs) were reported for eight

A B

C D

Figure 2 Time to primary endpoint (occurrence of persistent atrial fibrillation/tachycardia) by treatment group: (A) ITT patient cohorts, (B) PP pa-
tient cohorts, (C) as-treated patient cohorts, and (D) ITT patient cohorts using the 2017 expert consensus Heart Rhythm Society definition of persis-
tent atrial fibrillation. Note adherence to 90-day (0.25 year) blanking period in all panels. AAD, antiarrhythmic drug therapy; AF, atrial fibrillation; AT,
atrial tachycardia; ITT, intention-to-treat; PP, per-protocol; RF, radiofrequency.
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patients (7.8%; Table 2). The primary AEs of vascular pseudoaneur-
ysm and haematoma were reported in two patients (2%) each, while
atrial flutter, bradycardia, cardiac tamponade, and pericardial effusion
were reported in one patient (1%) each. All primary AEs were re-
solved without sequelae. Catheter-, procedure-, and drug-related se-
rious AEs (SAEs) are summarized in Table 2. The number of patients
who experienced catheter/device-related SAEs was similar to the
number of patients who experienced serious adverse drug reactions.

Discussion

This study demonstrated that RF catheter ablation—as part of
standard-of-care AF management including AADs—is superior to
guideline-directed AAD therapy alone in delaying the progression to
persistent AF in patients with drug-refractory, recurrent paroxysmal
AF. To date, pulmonary vein isolation by catheter ablation is primarily
indicated for second-line, symptomatic treatment of paroxysmal AF
after failure of >_1 AAD.7 Nonetheless, cumulative evidence has dem-
onstrated clinically meaningful outcomes or superiority of RF ablation
over AAD for different outcomes. First, consistent with our findings,

RF ablation has been shown to be superior to AAD in reducing long-
term AF/AT recurrence in patients with drug-refractory paroxysmal
AF.8 Secondly, catheter ablation has been shown to be superior to
AAD in reducing death from any cause and hospitalization related to
heart failure or any cardiovascular cause in AF patients with heart fail-
ure.9 Thirdly, first-line catheter ablation has been associated with a
significant reduction in AF burden at 2–5 years.3,4 Our study results
showing superiority of RF catheter ablation over AAD in delaying AF
progression in paroxysmal AF patients add to the wealth of data on
the clinical benefits of catheter ablation. Of note, the superior treat-
ment effect of RF catheter ablation was evidenced as early as 1 year
post-treatment and sustained through 3 years of follow-up.

Our results support the notion of increased benefit with catheter
ablation. This is the first randomized study to introduce progression
from paroxysmal to persistent AF as a clinical endpoint in an AF
study. Progression of paroxysmal to persistent AF involves electrical
and structural abnormalities or remodelling. Previous AF registries
have shown that progression from paroxysmal to persistent AF oc-
curred at rates between 8% at 1 year and 24% at 5 years.10,11 At
10 years after the first presentation of paroxysmal AF, >50% of
patients have progressed to persistent AF.12 Similarly, data from a

Figure 3 Association of baseline conditions with the occurrence of persistent AF/AT (ITT population). AAD, antiarrhythmic drug treatment; AF,
atrial fibrillation; AT, atrial tachycardia; CI, confidence interval; COPD, chronic obstructive pulmonary disease; ITT, intention-to-treat; LA, left atrial;
RF, radiofrequency; TIA, transient ischaemic attack.

Delayed progression of atrial fibrillation 367
D

ow
nloaded from

 https://academ
ic.oup.com

/europace/article/23/3/362/6039546 by guest on 04 April 2021



single centre with 564 patients showed that 11% of paroxysmal AF
patients awaiting ablation progressed to persistent AF within 6–
14 months.13 Our results further demonstrated that patients
<65 years of age were �4 times less likely to progress to persistent
AF than patients >_65 years. Persistent AF patients have a higher risk
of death and stroke than paroxysmal AF patients,14 and continued
AAD therapy in patients who have failed prior, albeit different, AAD
treatment yields low overall efficacy.15 Furthermore, the results of
catheter ablation are worse than in paroxysmal AF if patients have
progressed to persistent AF.16 In addition, there are currently no
standardized ablation protocols beyond pulmonary vein isolation for
persistent AF, and the results of additional ablation modalities are still
controversial.7 Taken together, these data necessitate prudent con-
sideration of catheter ablation to prevent progression to persistent
AF in paroxysmal AF patients who have failed >_1 AAD. Thus, this
study suggests that catheter ablation may represent a valuable treat-
ment option in patients with drug-resistant paroxysmal AF apart
from symptomatic improvement, namely, the delay of progression to
persistent AF. These results are in line with findings of a previous sys-
tematic review that showed a substantially lower rate of progression
to persistent AF with catheter ablation (1.5%) compared with general
population patients (30.9%).17

The rate of primary AEs associated with catheter ablation in the
current study was within the range reported in other AF ablation
studies8,17 and was similar to the rate for the AAD group. The cur-
rent study protocol included atrial flutter (one case) and bradycardia
(one case) as primary AEs. More recent catheter ablation studies18,19

excluded these events from the list of primary AEs, which would re-
sult in a lower catheter ablation complication rate. Since both treat-
ment modalities are associated with different types of AEs, it is not
possible to compare the safety of RF catheter ablation and AAD in a
meaningful way. Nonetheless, no unanticipated AEs occurred during
the study.

Limitations
Only RF catheters were used in the current study. Applicability of
these catheter ablation results to other ablation technologies is un-
known and requires further evaluation. In addition, approximately
half of the patients in the RF ablation arm started a new AAD regimen
during the study after the blanking period, which could have pre-
sented a confounding factor; however, a comparable proportion of
patients in the AAD group also started a new AAD regimen during
the study following the blanking period.

....................................................................................................................................................................................................................

Table 2 SAEs related to catheter, procedure, or AAD (safety population)

AE, n (%) RF ablation (n5 102) AAD only (n5 108) Crossover (n5 15)

Procedure-related SAEs 12 (11.8) — 0

Pericardial effusion 1 — 0

Tamponade 1 — 0

Pericarditis 2 — 0

Intracardiac thrombus 1 — 0

Atrial fibrillation 1 — 0

Atrial flutter 3 — 0

Congestive heart failure 1 — 0

Vascular access complication 2 — 0

Serious ADRsa 5 (4.9) 6 (5.6) 2 (13.3)

Haemorrhage 1 2 0

CVA/stroke 0 1 0

Atrial fibrillation 0 0 1

Tachycardia 0 1 0

Bradycardia 2 1 0

Epistaxis 1 0 0

Lung disorder 1 0 0

Back pain 0 1 0

Cardiac ablation — — 1

Primary AEsb 8 (7.8) — 0

Vascular pseudoaneurysm 2 — 0

Haematoma 2 — 0

Atrial flutter 1 — 0

Bradycardia 1 — 0

Cardiac tamponade 1 — 0

Pericardial effusion 1 — 0

AAD, antiarrhythmic drug; ADR, adverse drug reaction; AE, adverse event; CVA, cerebrovascular accident; RF, radiofrequency; SAE, serious adverse event.
aPatients in the RF ablation group also received AAD therapy.
bOccurring within 7 days of the procedure.
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Conclusions

This multicentre, randomized, controlled study demonstrated that, in
patients with drug-refractory paroxysmal AF, standard-of-care RF ab-
lation was superior to rhythm or rate control drug therapy in delay-
ing progression to persistent AF. This study suggests that catheter
ablation may offer clinical value beyond symptom improvement in
patients with paroxysmal AF.

Supplementary material

Supplementary material is available at Europace online.
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