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Catheter Ablation (CA) is an effective therapeutic option in treating atrial fibrillation (AF). Persistent AF represents the

advanced stage during the progression of AF. “AF begets AF” is recognized as a main mechanism for the persistence of

AF: a complex situation involving triggers and substrate (i.e., structural, electrical, and autonomic remodeling). Previous

meta-analysis of RCTs including 809 persistent AF patients (mean age 60 years, mean LAD 46 mm) has already shown

that PVI based CA is superior to AADs in preventing recurrence of atrial tachyarrhythmia among patients with persistent

AF.
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1. CA in Treating Persistent AF and Longstanding Persistent AF

The recent PRECEPT trial employed contact force-sensing RF catheter guided by 3-D mapping system and lesion

formation surrogates for PVI based ablation of persistent AF (N = 333, mean age 65 years, history of AF 1.3 years, mean

LAD 42 mm, mean LVEF 56%). Linear ablation was only performed in cases with documented macro-re-entry atrial

tachycardia (AT) or typical atrial flutter (AFL). Using standard electrocardiogram (ECG)/Holter monitoring, the PRECEPT

study demonstrated a single procedure success rate around 70% at one year . Randomized trials using different

technologies for PVI in treating relatively healthy patients with persistent AF (mean age 66 years, history of AF 2 years,

mean LAD 43 mm, mean LVEF 61%) reported similar ablation success rate around 70% at one year .

The randomized STAR AF II trial compared PVI vs. PVI plus (linear ablation vs. complex fractionated electrograms

ablation) among patients with “late” persistent AF (N = 589, mean age 60 years, history of AF 4 years, mean LAD 45 mm,

mean LVEF 56%). Using standard ECG/Holter monitoring, the STAR AF II study showed that 60% of the patients in the

PVI group were free from recurrent AF during one year follow-up, and the study found no further reduction in AF

recurrence when linear ablation or ablation of complex fractionated electrograms was performed in addition to PVI .

The ablation success rate appeared to be notably higher among patients with early persistent AF than those with late

persistent AF, and this seemed to be consistent with the results from other recent studies .

2. Adjunctive Ablation Strategies beyond PVI in Treating Persistent AF

2.1. Ablation of Atrial Low Voltage Area

Structural remodeling characterized by atrial fibrosis and enlargement is often accompanied during the progression of AF,

and it is known that dilated atrium is an independent risk factor of recurrent arrhythmia after rhythm control. The previous

DECAAF Study demonstrated that AF patients who had early-stage atrial fibrosis carried relatively lower risk of recurrent

atrial tachyarrhythmia (15.3%, 95% CI: 7.6–29.6%) as compared to those who had late-stage atrial fibrosis 51.1% (95%

CI: 32.8–72.2%) . Substrate formation has been recognized as an important mechanism for arrhythmia. Elimination of

the arrhythmogenic ventricular substrate has been shown to suppress ventricular arrhythmias in patients with ischemic

cardiomyopathy; however, whether or not additional ablation of the fibrotic atrial substrate further improves the success of

CA in AF remains controversial.

The most recent DECAAF II trial tested the hypothesis that magnetic resonance imaging (MRI) guided atrial fibrosis area

ablation in addition to PVI is superior to PVI alone in improving ablation success in patients with persistent AF . A total

of 843 patients (mean age 62.1 years) were randomized, patients were categorized in I (mild)-IV (severe) stages
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according to atrial fibrosis level. The study found that, consistent with the results of the initial DECAAF study, the

extension of baseline atrial fibrosis level was correlated with atrial tachyarrhythmia recurrence after CA. Results after CA

based on intention-to-treat (ITT) analysis showed no significant difference in atrial tachyarrhythmia (ATa) recurrence

between groups in the overall study population during one year follow-up, Interestingly, per protocol analysis showed

significantly less ATa recurrence of substrate ablation in patients with stage I or II (<20%) atrial fibrosis, whereas there was

no benefit of fibrosis ablation on ATa recurrence in patients with stage III or IV atrial fibrosis .

2.2. Left Atrial Posterior Wall Isolation

The Left atrial posterior wall connecting the septal and lateral PVs has been identified as an arrhythmogenic region

contributing to the initiation and maintenance of AF. Electrical isolation the left atrial posterior wall (PWI) has been shown

to improve the ablation outcome.

The recent POBI-AF trial randomized 217 patients with persistent AF (73.3% longstanding persistent AF) to ablation with

PVI alone or PVI + PWI. The freedom from ATa recurrence showed no significant difference between the PVI + PWI vs.

PVI group (55.9% vs. 50.5%) after a mean follow-up of 16 months .

Cryoballoon (CB) has been established as a powerful tool for PVI and may create a more homogeneous and durable

lesion . A recent RCT investigated the effects of concomitant PVI + PWI using CB. One hundred and ten persistent AF

(35% LS AF, mean LAD: 44 mm, mean LVEF 60%) were randomized into PVI or PVI + PWI. RF touch up was required in

7.3% patients to complete PVI and in 45% patients to complete PWI. One year follow-up demonstrated significantly higher

freedom from ATa recurrence in the PVI + PWI group vs. PVI (74.5% vs. 54.5%) without compromising safety .

Recent large sized meta-analysis included 26 studies with 3287 patients with AF (age 61.7 ± 10.8 years) . Procedural

success to achieve PWI was 92.8%. The mean follow-up was 15.2 ± 8.4 months. For patients with paroxysmal AF,

adjunctive PWI did not reduce the recurrence of all atrial arrhythmias or AF; whereas for patients with persistent AF,

adjunctive PWI was associated with substantially lower recurrence of all atrial arrhythmias and AF, this finding remaining

consistent when randomized data were included. Adjunctive PWI using either radiofrequency or a cryoballoon reduced AF

recurrence, and primarily using cryoballoon seemed to be associated with lower recurrence rate of atrial tachycardias

and/or atrial flutter. The incidence of procedural adverse events between PVI + PWI (3.2%) and PVI (2.8%) groups was

low and similar. This meta-analysis indicated that patients with persistent AF appear to benefit from adjunctive PWI, and

the ablation technology and/or approach may affect the clinical outcome of PWI .

2.3. Ablation Vein of Marshall

The vein (ligament) of Marshall (VOM) contains innervation and electrical triggers to initiate AF. VOM ethanol infusion has

been shown as a feasible treatment for atrial tachyarrhythmia by facilitating the block of mitral isthmus . Repeat

procedure data also showed that VOM ethanol infusion was associated with greater lesion durability and higher rate of

sustained mitral isthmus block as compared with radiofrequency catheter ablation . The recent VENUS trial randomized

343 persistent AF patients (53% LS AF, mean LAD 46, LVEF 53%) to CA or CA + VOM Ethanol Infusion. VOM Ethanol

Infusion was successful in 84% of patients. One year follow-up showed that CA + VOM ethanol infusion was associated

with significantly higher freedom from ATa recurrence as compared with CA (49.2% vs. 38%) without compromising the

safety . The post hoc analysis showed that adjunctive VOM ethanol infusion improved the ablation outcomes (59% vs.

39.1%) only when associated with effective mitral isthmus block .

2.4. Left Atrial Appendage Isolation/Ablation

Left atrial appendage (LAA) has been recognized as a trigger source of AF/AT, and left atrial appendage isolation (LAAI)

may suppress AF/AT recurrence. The previous BELIEF Trial randomized 173 long-standing persistent AF into LAAI plus

standard ablation or standard ablation . In this study, standard ablation was defined as PVI, PWI, left atrial (LA) lines,

and non-PV triggers ablation. The mean age was 64 years, mean LAD 48 mm, mean LVEF 54%. During a 12-month

follow-up, adjunctive LAAI was associated with significantly higher freedom from ATa as compared with standard ablation

(56% vs. 28%). Notably, trigger from the LAA was identified in about one third of the patients during isoproterenol

challenge .

A recent meta-analysis included nine studies with a total of 2336 patients. The majority of the patients were persistent AF

or long-standing persistent AF, with a mean age of 65 years, mean LAD 45 mm, mean LVEF 56%. During a mean follow-

up of 41 months, patients who underwent LAAI had significantly higher freedom from ATa recurrence than patients who
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underwent standard ablation (69.3% vs. 46.4%), and there was no significant difference in the procedural complications

between the two groups .

Either RF or cryoballoon can be used for LAAI. When using RF ablation, LAAI can be achieved by wide-area linear

ablation (including left atrial anterior line, left atrial roof line and left atrial mitral isthmus line). When using cryoballoon,

similarly to PVI, LAAI can be achieved by directly occluding and freezing the LAA ostia. Recent non-randomized study

found that LAAI can be more readily achieved by using cryoballoon, whereas the 1-year ATa recurrence-free rate was

significantly higher in patients with LAAI following RF-guided wide area LAAI (RF:76.3% vs. CB:56.7%, p = 0.0017) .

Evidence has shown that electrical LAAI can be associated with increased risk of LAA thrombosis even under sinus

rhythm because of loss of the LAA contractibility . 

The limited efficacy of endocardial CA for persistent and long-standing persistent AF led to the development of a minimally

invasive hybrid convergent (epicardial/endocardial) ablation approach in order to achieve more comprehensive, durable,

transmural lesions. The recent CONVERGE trial randomized 153 patients with persistent and long-standing persistent AF

to undergo Hybrid Convergent ablation or endocardial CA . During the 1-year follow-up, the rate of freedom from AF/AT

was significantly higher in the Hybrid Convergent group than that in the endocardial CA group (67.7% vs. 50.0%) . At

1.5 years assessed by 7-day Holter, 74% in the Hybrid Convergent group and 55% in the endocardial CA patients

experienced ≥90% AF burden reduction . However, patients in the Hybrid Convergent group had more major adverse

events (2.9% within one week post-procedure, and 4.9% between one week and 1month post-procedure) compared to

endocardial CA group (0%) .

For patients with persistent AF, PVI remains the foundation ablation strategy. As above discussed, there have been

studies showing improved outcome when PVI combined with different ablation strategies in selected patient group;

besides, other ablation concepts, such as rotor ablation, and cardioneuroablation, have also been proposed. The

additional merit of such ablation strategies in persistent AF still needs to be warranted. Questions with respect to proper

patient selection, optimal timing to perform adjunctive ablation, choosing of pertinent ablation strategy, and selection of

efficacious and safe ablation technology, remain to be answered (Figure 1).

Figure 1. Catheter Ablation of Persistent Atrial Fibrillation. (A) Catheter ablation in “early” persistent AF. (B) Catheter

ablation in “late” persistent AF. (C) Catheter ablation in non-PV sites.
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