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A B S T R A C T

Background: Although extensive substrate modification in addition to pulmonary vein isolation (PVI) has
been recommended in catheter ablation for persistent atrial fibrillation (AF), recent randomized
controlled trials have not demonstrated efficacy of such additional ablations.
Methods and study design: The Osaka Cardiovascular Conference will conduct a multicenter, randomized,
open-label trial aiming to examine whether PVI alone is non-inferior to PVI plus additional ablation such
as linear ablation and/or complex fractionated atrial electrogram ablation in patients with persistent AF.
The primary outcome is recurrence of AF documented by scheduled or symptom-driven electrocardio-
gram tests during a 1-year follow-up period after the index ablation. The key secondary endpoints
include all-cause death, occurrence of symptomatic stroke, complications related to the procedure, and
quality of life assessment using the 36-item Short-Form Health Survey. The clinical impact of the
presence or absence of AF trigger foci, and their origins in cases with them, on the results of catheter
ablation will also be investigated as an exploratory endpoint. A total of 512 patients will be enrolled and
followed up to 1 year.
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Conclusions: The EARNEST-PVI trial is a randomized controlled trial designed to assess whether PVI alone
is non-inferior to extended substrate ablation for patients with persistent AF undergoing a first catheter
ablation.

© 2019 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved.
Table 1
Eligibility criteria.

Inclusion criteria

� Patients undergoing a first-time ablation procedure for persistent AF
Exclusion criteria
� Patients with long-standing persistent AF lasting �5 years
� Patients with left atrial dimension �50 mm by 2-dimensional echocardiography
� Patients with valvular AF (defined as the presence of mitral or aortic stenosis or
regurgitation with a history of rheumatic fever or implantation of artificial heart
valves)
� Patients who underwent prior cardiac surgery
� Patients aged <20 years
� Patients aged �80 years
� Patients receiving hemodialysis
� Patients with heart failure (left ventricular ejection fraction <30% and NYHA
class � III)
� Patients receiving antiarrhythmic agents before the ablation procedure (within
60 days for amiodarone, or 5 half-lives for other drugs)
� Patients who are not considered to be suitable candidates by the attending
physician

AF, atrial fibrillation; NYHA, New York Heart Association.
Introduction

Since the prevalence of atrial fibrillation (AF) has increased in
most developed countries [1,2], now affecting one in four middle-
aged adults, appropriate management of AF has become impera-
tive. Catheter ablation is considered one of the first-line treatments
for paroxysmal AF.

Ectopic atrial activity triggered in pulmonary veins is a major
cause of paroxysmal AF. Therefore, catheter ablation with the
objective of complete pulmonary vein isolation (PVI) has been
widely performed and is highly successful for sinus rhythm
maintenance [3], being reportedly more effective than antiar-
rhythmic drugs in paroxysmal AF patients [4,5].

Conversely, the outcomes of catheter ablation for persistent AF
are worse than those for paroxysmal AF, because persistent AF is
usually accompanied by more complex triggers and a more
extensive arrhythmogenic substrate [6,7], which is associated with
electrical and anatomical remodeling of the left atrium (LA)
[8]. Therefore, additional substrate modification such as linear
ablation or complex fractionated atrial electrogram (CFAE) ablation
in addition to PVI during AF ablation had been considered
necessary, as recommended in the previous HRS/EHRA/ECAS
expert consensus statement [3]. Its effectiveness has been
demonstrated in a number of meta-analyses [4,5]. However,
larger-scale randomized controlled trials conducted to prove the
efficacy of these empiric extensive ablations [9,10] have not
demonstrated the superiority of extensive additional ablation
compared to PVI alone, suggesting that PVI alone is non-inferior to
empiric extensive ablation. Therefore, the efficacy and necessity of
additional substrate modifications after PVI in patients with
persistent AF remains controversial, and whether lines and CFAE
have any remaining role in AF ablation remains unclear as
described in the recent HRS/EHRA/ECAS/APHRS/SOLECE expert
consensus [11], or AF guideline of the European Society of
Cardiology [12]. Until now, no reports have demonstrated that
PVI alone is non-inferior to empiric extensive ablation with
sufficient sample size and non-inferior study design, for the
prevention of AF recurrence in persistent AF.

Inthismulticenter, randomized trial, weaimtoelucidatewhether
PVI alone is non-inferior to more extensive ablation with respect to
the maintenance of sinus rhythms inpatients with persistent AF (The
EARNEST-PVI trial) with sufficient sample size for non-inferior study
design. Moreover, optimal ablation strategy might be different
depending on a mechanism of AF persistence [6], and PVI alone
would be sufficient in patients with AF triggers only from PVs. We
will divide the study population into 3 subgroups based on the
presence or absence of AF triggers, and its origin in cases with them,
andwill investigatewhichablationstrategywouldbemoresufficient
in each subgroup. This trial will be the first trial that clearly
demonstrates that PVI alone is non-inferior to empirical extensive
ablation for prevention of AF recurrence in the patients with
persistent AF undergoing a first-time ablation.

Methods

Objective

The objective of the EARNEST-PVI trial is to examine whether PVI
alone is non-inferior to PVI plus additional ablation with respect to
the recurrence of AF documented by scheduled or symptom-driven
electrocardiogram (ECG) tests during 1-year follow-up period after
the first procedure. The clinical impact of the presence or absence of
AF trigger foci, and their origins in cases with them, on the results of
catheter ablation will also be investigated.

Study design

The EARNEST-PVI trial is a prospective, multicenter, random-
ized, open-label non-inferiority trial in which patients with
persistent AF will undergo a catheter ablation procedure. After
providing informed consent at each hospital, patients who are
eligible for the trial will be randomized to either PVI alone or PVI
plus additional ablation. Randomization will be performed
electronically by entering patient information into an automatic
data collection system via a secure internet connection. LA
dimensions will be the only adjustment factor considered in
dynamic allocation to avoid bias.

This study has been registered at ClinicalTrials.gov
(NCT03514693) and has been approved by the institutional review
board at each participating hospital.

Eligibility criteria

The study population will consist of patients with persistent AF
undergoing a first-time ablation procedure. Persistent AF is defined as
a sustained episode lasting �7 days and <5 years at enrollment. AF
patients insinusrhythmatenrollmentwillbeexcludedfromthisstudy
even if they have a history of AF persisting for more than one week or a
history of defibrillation to terminate AF. Inclusion and exclusion
criteria are summarized in Table 1. A signed, ethics committee/
institutional review board-approved informed consent form will be
obtained from each patient prior to any trial-related procedure.

Procedures

Anti-arrhythmic drugs will be stopped at least 5 half-lives
before any procedure; amiodarone will be stopped for 60 days. All
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patients will undergo transesophageal echocardiography before
ablation to rule out LA thrombus, and contrast computed
tomography (CT) to obtain 3D images of the LA and PV. Conscious
sedation, deep sedation, or general anesthesia will be chosen at the
physician's discretion during procedures. All procedures will be
performed via transseptal access to the LA. Heparin will be
administered after the transseptal puncture to maintain an
activated clotting time of >300 seconds. Multipolar diagnostic
catheters (8 poles minimum) will be placed in the coronary sinus
(CS) and the right atrium (RA). One or two circular mapping
catheters (10 poles minimum) will be used for both mapping and
confirmation of PVI. A market-approved, open irrigated-tip
ablation catheter will be used for ablation and mapping. Maximum
power will be �35 W during the ablation, and lower power will be
employed on the posterior wall of the LA (25–30 W) to avoid
damage to the esophagus. All procedures will be guided using a 3D
cardiac mapping system (CARTO, Biosense-Webster, Diamond Bar,
CA, USA; Ensite NavX, St Jude Medical, St Paul, MN, USA; or
Rhythmia Mapping System, Boston Scientific Inc., Natick, MA,
USA). In principle, anticoagulation therapy should be continued up
to 3 months after catheter ablation, and thereafter can be
continued or stopped at the discretion of the physicians.

Identification of the origin of AF triggers
We will perform ablation procedures after an electrophysiologi-

cal study to identify the origin(s) of AF triggers. An AF trigger is
defined as an arrhythmogenic focus causing initiation of AF at least
twice with the same intracardiac activation sequence. Operators will
attempt todetectthe originofAFtriggers inpatientswithAFinitiated
after electrical cardioversion. Based on their origins, patients will be
divided into three groups: PV origin, non-PV origin, and unidentified
origin. The PV origin group will comprise patients with AF triggers
specifically fromthePVs.Thenon-PV groupwill includethosewith at
least one AF trigger of non-PV origin regardless of the presence or
absence of triggers from PVs. The unidentified origin group will
include patients with no AF triggers observed during the
electrophysiological study. Patients with failure of conversion to
sinus rhythm will be included in the unidentified origin group.

To detect the location of the AF triggers, we will simultaneously
use at least four multipolar catheters to record the electrogram
from the PVs and elsewhere to search for arrhythmogenic foci. One
or two circular catheters plus an ablation catheter will be placed at
the ostia of two or three PVs simultaneously. If AF is induced, we
will perform electronic cardioversion, confirm the reproducibility
of AF initiation and investigate the origins. If premature atrial
contractions initiating AF are suspected of originating from a non-
PV area that is not covered by the catheters, we will change the
location of the catheters and use them for mapping to attempt to
search for the focus/foci as described previously [13]. If spontane-
ous recurrence of AF is not observed for 5 minutes after
cardioversion, provocative maneuvers such as administering
isoproterenol (ISP) in incremental doses of up to 0.4 mg/kg/min
will be performed. The endpoint of ISP administration will be
systolic blood pressure <80 mmHg, heart rate in sinus rhythm
>130 bpm, or ISP administration at 0.4 mg/kg/min for 5 min. We
will check for the presence or absence of AF induction for
5 minutes after ISP discontinuation. After group assignments,
catheter ablation will subsequently be initiated according to the
randomization strategy.

Circumferential PV antrum isolation
All patients will undergo PVI first. Ipsilateral circumferential

PVI is the recommended PVI strategy. The success of PVI will be
defined as the achievement of the dissociation of PV potentials in
all PVs. Disappearance of PV potentials will be reconfirmed at the
end of the procedure, a minimum of 20 minutes after the initial
success of PVI. If PV potentials reappear in any PV, re-isolation will
be performed. Ablation of dormant conduction evoked by rapid
intravenous administration of adenosine triphosphate may be
added at the discretion of the physician to establish durable LA–PV
disconnection as previously described [14,15].

Additional ablation combined with PVI
Patients assigned to the additional ablation group will

subsequently undergo CFAE ablation, linear ablation, or both;
the choice of which will be decided by the physician. For CFAE
ablation, CFAE mapping must be performed during AF. If AF cannot
be induced or sustained, linear ablation will be used as the
additional ablation strategy.

A 1-mm tipped multipolar mapping catheter will be the
preferred CFAE mapping catheter. The ablation catheter may also
be used in regions where the multipolar mapping catheter will
have poor contact. The CFAE sites will be identified according to the
automated algorithms of the 3D mapping system, which have been
described and validated previously [16,17]. When the CARTO
system is to be used as the mapping system, an online CFAE
software module will be used to analyze a 2.5-second window of
bipolar electrograms (EGMs) at each mapping site. Voltage peaks
greater than the noise threshold but less than the upper threshold
(0.05–0.15 mV) will be annotated. The intervals between succes-
sive peaks falling within a programmable duration (60–120 ms)
will be counted, with the total defined as the interval confidence
level (ICL). All sites with ICL >7 will be targeted for CFAE ablation.
AF cycle length will be measured from a predetermined pair of CS
recording electrodes [16]. When the Ensite NavX system is to be
used, the Ensite Complex Fractionated Electrograms Algorithm will
be used to measure the time between multiple discrete deflections
in a local AF EGM recording over 5 seconds and average these inter-
deflection time intervals to calculate the mean cycle length (CL) of
the local EGM during AF. The P-P sensitivity, width, and refractory
value should be 0.03–0.05 mV, 15–20 ms, and 35–45 ms, respec-
tively. The mean CL will be projected onto the LA anatomical shell
as a color-coded display. Regions with mean CL <120 ms will be
defined as “CFAE” based on previously published data [17]. The
endpoint for CFAE ablation will be the elimination of all local CFAE
sites in the LA and CS, or AF termination. AF termination will be
defined as direct transition to sinus rhythm or to an organized
atrial tachycardia (AT) or flutter (AFL). If AF terminates to sinus
rhythm and is successfully maintained, the remaining CFAE sites
will not be ablated. If AF converts to an AFL/AT, the remaining CFAE
sites and isthmus or foci of AFL/AT will be ablated. CFAE ablation in
the right atrium may be added at the physician's discretion.

In cases undergoing linear ablation, both roof line ablation
connecting the right and left PV encircling lesions and mitral line
ablation connecting the PV encircling lesion and mitral annulus
will be performed. In addition to roof line ablation, bottom line
ablation connecting the inferior aspect of encircling lesions for PVI
may be performed to allow for electrical isolation of the posterior
LA wall. For mitral line ablation, either the posterior approach
(from the left inferior PV to the posterior annulus) or the anterior
approach (from the left superior PV to the anterior annulus) may be
used. The endpoint of linear ablation will be to achieve a complete,
bidirectional block across the linear lesion. The conduction block
will be rechecked at the end of the procedure or >20 minutes after
the initial success of the conduction block.

The decision of whether or not to stop additional RF energy
applications for safety or other reasons due to difficulties
associated with eliminating all CFAE sites or creating a complete
conduction block despite the operator's best efforts will be left to
the discretion of the operator.

Upon completion of PVI alone or PVI plus additional ablation,
inducibility of tachyarrhythmias will be evaluated using 10-s burst



Fig. 1. EARNEST-PVI study design.
AF, atrial fibrillation; AFL, atrial flutter; AT, atrial tachycardia; CT, computed
tomography; ECG, electrocardiography; PVI, pulmonary vein isolation; QoL, quality
of life; TEE, transesophageal echocardiography; TTE, transthoracic echocardiography.
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pacing from the CS and RA at maximum current output (20 mA)
starting at a cycle length of 400 ms and decreasing to 200 ms. ISP will
be readministered to evoke non-PV AF triggers. According to the
recommendations of the HRS/EHRA/ECAS expert consensus state-
ment [3] regarding the ablation technique, physicians should ablate
focal ablation or isolation of AF triggers from non-PV foci, and ablate
to block the cavotricuspid isthmus (CTI) in cases with inducible CTI-
dependentAFL.Ablationforclinicalcoexistingtachyarrhythmiasuch
as AFL, AT, and supraventricular tachycardia will also be performed.

Antiarrhythmic drug and repeat ablation after the ablation
The blanking period is defined as the 3 months after the

protocol therapy. The recurrence of AF during this period will not
be counted, while reablation during this blanking period is defined
as recurrence just after the blanking period. Use of antiarrhythmic
drugs will be allowed for the first 3 months after ablation, and the
choice of drug including amiodarone will be left to the discretion of
investigators. The investigators will be strongly recommended to
stop antiarrhythmic drugs 3 months after the ablation.

Repeat ablation will be allowed for patients with recurrence of
AF with the discretion of investigators. At repeat ablation
procedure, re-isolation of reconnection of PV must be performed
in all cases, and re-isolation of reconnection of linear isolation, or
reassessment and reablation of CFAE must be performed for
extensive ablation group. Addition of linear or CFAE ablation to PVI
will be allowed for reablation of PVI alone group.

Follow-up schedule

The study flow is summarized in Fig. 1. Before the ablation
procedure, baseline information, information on atrial fibrillation,
previous history, and medication history will be collected. During
this visit, a blood test, transthoracic echocardiogram, and 12-lead
ECG will be performed. Quality of life (QOL) will be assessed using
the 36-item Short-Form Health Survey (SF-36). During the first
ablation procedure, detailed information of the procedure and
adverse events will be collected. Medications at discharge and any
adverse events will be recorded. The blood test (hemoglobin, brain
natriuretic peptide, creatinine, and C-reactive protein) and 12-lead
ECG also will be repeated.

Patients will be followed up 1, 3, 6, 9, and 12 months after the
ablation procedure. At each scheduled follow-up visit, a 12-lead
ECG, medication assessment, and recording of any adverse events
will be performed. A 24-hour Holter ECG will be acquired at 6 and
12 months. Laboratory tests, transthoracic echocardiography, and
the SF-36 will be performed at 12 months.

Study endpoints

The primary endpoint of the study will be the recurrence of AF
documented by scheduled or symptom-driven ECG tests during 1-
year follow-up period after the index ablation procedure.
“Recurrence of AF” is defined as the documentation of any atrial
arrhythmia including AF, AFL, and/or AT lasting �30 seconds by 12-
lead ECG or other appropriate tests.

Secondary endpoints will include the following: death from any
cause, symptomatic stroke, the recurrence of AF after repeat
ablation procedures, periprocedural complications, total duration
of energy application, total energy delivery during the procedure,
and QOL measurements according to the SF-36 test.

Study organization and status

Osaka Cardiovascular Conference
The Osaka Cardiovascular Conference (OCVC) consists of

cardiologists belonging to the Osaka University Graduate School
of Medicine or one of 30 affiliated hospitals in Osaka, Japan. The
OCVC was launched in 2015 to investigate clinical questions in the
cardiovascular field [18]. Among the participating institutions,
members of 10 high-volume hospitals that frequently perform
invasive treatments for AF comprise OCVC-arrhythmia investiga-
tors and participated in the present study. Details of the study
organization are shown in the Supplementary Appendix.

EARNEST-PVI started enrollment in March 2016, and completed
enrollment in September 2017. Completion of the study was
expected by March 2019.

Statistical considerations

The sample size and randomization are specified based on the
concept of non-inferiority to achieve the primary objective. The
null hypothesis is that the incidence rate of the primary outcome in
the PVI alone group is inferior to that in the PVI plus additional
ablation group. In the STAR-AF II trial, the AF recurrence rate at
18 months was 41% in the PVI-alone group [9]. The non-inferiority
margin will be calculated by referring to previous studies
[19,20]. Based on these values, the recurrence rate of AF is
assumed to be 40% in both groups. Therefore, a sample size of
243 subjects is required to reject the null hypothesis with a power
of 80% and significance level of 5% with a non-inferiority margin of
10%. The randomization ratio is 1:1. Therefore, we ultimately need
a total sample size of 512 patients, allowing for some dropouts.
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The full analysis set (FAS) is defined as the set of all randomized
patients who meet all inclusion criteria, and its statistical
evaluation is based on the intention-to-treat principle: patients
should be analyzed according to the allocated treatment at
randomization. The per protocol set (PPS) is defined as the set
of patients of the FAS who complete the study without protocol
violations.

Analysis for the primary outcome is based on the hazard ratio of
the PVI alone group to the PVI plus additional ablation group for
FAS and PPS. The null hypothesis will be rejected when the
confidence interval for the hazard ratio lies within the non-
inferiority zone. Once non-inferiority is established, a test for
superiority will subsequently be conducted at a significance level
of 5%. No adjustment for multiplicity will be required because of
the closed testing procedure. No interim analyses will be
conducted in this trial.

To identify patients in the PVI alone group whose prognoses are
not inferior to those of patients in the PVI plus additional ablation
group, and to compare AF recurrence rates among groups divided
by the origin of AF triggers, several multivariate analyses such as
the Cox proportional hazards model will be conducted.

Summary

The EARNEST-PVI trial is a prospective, multicenter, random-
ized, open-label trial with non-inferiority design for patients with
persistent AF undergoing first-time catheter ablation. We will
compare the effects of PVI alone with PVI plus empiric additional
ablation such as linear ablation, CFAE ablation, or both on the
prevalence of recurrent AF documented by scheduled or symptom-
driven ECG tests during 1-year follow-up period after the index
ablation procedure. The result of this trial will elucidate whether
PVI alone is not inferior to extensive ablation to maintain sinus
rhythms, and will provide additional valuable information to
develop treatment strategies for patients with persistent AF.
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