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arrhythmia recurrence did not differ between 
the CB and the RF groups.4 Information such 
as this has facilitated the expansion of the in­
dications for CB ablation to patients with per­
sistent AF.

In this issue of Kardiologia Polska (Kardiol Pol, 
Polish Heart Journal), Liu et al5 conducted a meta­
‑analysis, including a total of 7 studies, aiming 
to compare the role of CB ablation with RF ab­
lation in persistent AF. The findings suggested 
that success rates and procedural complications 
were comparable between the groups. There were 
no differences in freedom from atrial arrhythmia, 
procedural complications, AF / AT relapse during 
the blanking period, repeat ablation, and vas­
cular complications. A subanalysis of the meta­

‑analysis showed a lower incidence of recurrent 
atrial arrhythmia and repeat ablation during CB 
ablation without touch‑up RF ablation in PVI. 
Based on the findings, Liu et al5 suggested that 
CB ablation alone could provide an alternative 
technique for ablation in persistent AF.

The main limitation of this meta‑analysis 
is  the  heterogeneity of technology em­
ployed in  the  studies. Second‑generation 
CB ablation was used in most studies, ex­
cept in the study performed by Boveda et al,6 
where first‑generation CB ablation was em­
ployed. On the RF side, only 3 studies includ­
ed the use of contact force (CF)–guided abla­
tion.7,8 The subanalysis showed that patients 
in the RF ablation with CF group had a low­
er incidence of repeat ablation. CF catheters 
provide information to the operator to assess 
the proximity of the catheter to the endocardi­
um. Low CF during PVI is a predictor of acute 
and chronic pulmonary vein reconnections and 

Catheter ablation has been shown to be supe­
rior to medical treatment for the maintenance 
of sinus rhythm in patients with atrial fibrilla­
tion (AF) and refractory symptoms. Pulmonary 
vein isolation (PVI) is the cornerstone of cathe­
ter ablation for AF. Patients with persistent AF 
are more prone to recurrences due to electrical 
and structural remodeling.

The use of cryoballoon (CB) ablation for PVI 
has substantially increased in recent years. 
The FIRE AND ICE trial, which prospectively ran­
domized patients with paroxysmal AF to either 
radiofrequency (RF)- or CB‑based PVI, showed 
that these 2 methods have similar efficacy and 
safety in the treatment of paroxysmal AF.1 Fur­
thermore, evidence indicates that PVI alone 
is not inferior to additional substrate modifi­
cation in patients with paroxysmal or persis­
tent AF.2 In patients with long‑standing persis­
tent AF, there were no significant differences 
when a PVI‑only approach was compared with 
a stepwise method of PVI plus linear and com­
plex fractionated electrograms. A multi‑center 
study then reported that CB ablation of pulmo­
nary veins was safe, effective, and efficient for 
the treatment of patients with persistent and 
long‑standing persistent AF.3 Finally, a recent 
multinational European study compared second­

‑generation CB versus conventional irrigated‑tip 
RF in a real‑world mixed population of patients 
with paroxysmal and persistent AF. CB ablation 
was found to have shorter procedure times com­
pared with RF, irrespective of the ablation lesion 
set used for the treatment of AF. The complica­
tion rates were low and did not differ between 
groups. The result was not influenced by the AF 
type or the lesion sets applied, and freedom from 
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ablation of AF is the implementation of the so­
‑called “high‑power and short‑duration” RF ab­
lation, which has shown to provide a higher suc­
cess rate with fewer complications and shorter 
procedure duration.13

The techniques for ablation of persistent AF 
also continue to evolve. We acknowledge that 
PVI, per se, may not be sufficient in patients 
with persistent AF due to the progressive nature 
of the disease. Sustained AF results in electri­
cal, contractile, and structural remodeling, par­
ticularly in patients with persistent AF. Several 
studies have shown that approximately a third 
of AF triggers in persistent AF are found to be 
non–pulmonary venous. The most common sites 
are the superior vena cava, ligament of Marshall, 
coronary sinus, crista terminalis, left atrial pos­
terior wall, and left atrial appendage (LAA).2 
We know that RF ablation with a point‑by‑point 
catheter and mapping system facilitates the cre­
ation of non–pulmonary venous lesions in both 
atria, so if more than PVI is required for per­
sistent AF ablation, then the advantage may 
decidedly speak in favor of RF. However, CB is 
now increasingly being used to create non–pul­
monary venous lesions as well. Yorgun et al14 
showed that LAA isolation with CB as ad adjunct 
to PVI improves long‑term freedom from AF re­
currence compared with the PVI‑only strategy 
in persistent AF. In addition to LAA isolation 
with CB ablation, another study demonstrated 
the feasibility of CB ablation in posterior wall 
isolation with improved 1‑year freedom rate 
from atrial arrhythmia in patients with persis­
tent AF.15 Newer developments in CB technolo­
gy, such as more malleable balloons with vary­
ing shapes, may also facilitate ablation beyond 
the pulmonary veins.

Two new ongoing randomized studies will 
hopefully provide more promising data regard­
ing the efficacy and safety of CB versus RF ab­
lation in patients with persistent AF. FIRE AND 
ICE II Trial Pilot (ClinicalTrials.gov identifier, 
NCT03706677) is the pilot phase of a prospec­
tive, randomized, single‑blinded, multicenter, 
interventional postmarket clinical trial compar­
ing the efficacy and safety of isolation of the pul­
monary veins using a CB catheter or RF abla­
tion with a ThermoCool Smarttouch catheter 
in patients with persistent AF. Another ongo­
ing randomized study is aimed to compare PVI 
with the CB and RF energy (CF) in the treat­
ment of persistent AF (ClinicalTrials.gov iden­
tifier, NCT03053570).

In conclusion, regardless of the preferred en­
ergy source, both CB and RF ablation can safe­
ly achieve reasonable success in the treatment 
of persistent AF. The optimal ablation strategy 
and technology for patients with persistent AF 
is still unknown, and probably an individual­
ized interventional approach in patients with 
persistent AF will be required.

is associated with an increased risk of AF recur­
rence. Newer CF‑guided techniques use target 
indices for ablation (such as the “ablation in­
dex”) that combine CF, power, and time to deter­
mine when an optimal lesion has been delivered. 
The CLOSE protocol, for example, is an abla­
tion protocol guided by an ablation index aimed 
at isolating the veins with stable, contiguous, 
and optimized CF RF ablation.9 With this tech­
nique, 62% of repeat patients had complete, du­
rable isolation, which confirms that RF proto­
cols like CLOSE can improve outcomes by avoid­
ing weak links in the ablation chain.10

The other major limitation is the heterogene­
ity of ablation techniques used among the stud­
ies, but even between the CB and RF arms with­
in studies. Five studies allowed for RF touch‑up 
in addition to CB. In 4 studies, cross‑over al­
lowed additional lines, such as the cavotricus­
pid isthmus flutter line, to be performed with 
RF in the CB group. In 2 studies, the CB strat­
egy was limited to PVI, while the RF strate­
gy allowed for extensive ablation beyond PVI 
including complex fractionated electrograms, 
lines, and posterior wall isolation. With all 
of these different strategies, it is very difficult 
to tell how much of the benefit was conferred 
by the technology versus the approach to abla­
tion. The STAR AF II trial, for example, found 
that catheter ablation of complex fractionated 
electrograms and linear ablation, in addition to 
PVI, did not improve the rate of recurrent AF.2 
In fact, such additional ablation seemed to wors­
en the outcome, which may have biased against 
the RF strategies in the current meta‑analysis. 
Furthermore, if an RF catheter has to be em­
ployed for touch‑up or additional linear ablation 
in the CB group, then can a CB strategy really be 
considered an alternative given the added cost 
of including an RF catheter as well?

The  results of 2 previous meta‑analyses11 
on this topic are in line with the meta‑analysis 
conducted by Liu et al5; however, it is hard to con­
clusively say that CB ablation is superior or non­
inferior to RF ablation in patients with persis­
tent AF due to several other limitations, such 
as nonrandomized patient selection, relatively 
small sample size of the studies, and less exten­
sive postablation rhythm monitoring than oth­
er leading centers, which might underestimate 
the rate of AF recurrence after ablation.

The current meta‑analysis5 also did not in­
clude any studies of CB ablation in patients with 
impaired left ventricular function. Until now, 
there is only 1 study showing an acceptable AF 
recurrence–free rate at year 1 in patients with 
low ejection fraction, which reported that AF 
recurrence–free individuals were more likely 
to have improved ejection fraction.12 However, 
more data is needed in this group of patients.

Furthermore, RF technology continues 
to evolve. A new game‑changer in the catheter 
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