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Lesion formation after pulmonary vein isolation
using the advance cryoballoon and the standard
cryoballoon: lessons learned from late gadolinium
enhancement magnetic resonance imaging
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Aims To compare ablation lesion formation after pulmonary vein isolation (PVI) using the standard cryoballoon (CB-S) vs. the
re-designed cryoballoon Arctic Front Advance (CB-A) using late gadolinium enhancement magnetic resonance imaging
(LGE-MRI) 3 months post-ablation.

Methods
and results

Thirty-six consecutive patients with paroxysmal or short-lasting persistent atrial fibrillation (AF) were evaluated pro-
spectively after PVI using the CB-S in the first 18 patients and the CB-A in the subsequent 18 patients. All patients under-
wentLGE-MRI and a 7-dayHolter electrocardiogram monitoring 3 months after ablation. Fifty-six per cent of the patients
were male (mean age 63.0+ 9.1 years). Fifty-six per cent in the first group and 89% in the second group were free of AF
recurrence 3 months after ablation (P ¼ 0.025). Three months after ablation, LGE-MRI of the left atrium showed com-
plete circular lesions in 35% of PVs in the first group and in 32% of PVs in the second group (n.s.). The left PVs showed a
significantly higher proportion of PV segments with complete ablation lesions compared with the right PVs (83 vs. 34%;
P , 0.001).

Conclusion Cardiac MRI is able to visualize induced ablation lesions after PVI and might be suitable to quantify ablation lesion amount.
Ablation lesion formation did not differ significantly in patients treated with the CB-S vs. the CB-A, despite a significantly
lower rate of AF recurrence after 3 months in the CB-A group. Left PVs showed a significantly higher amount of ablation
lesions compared with the right PVs. Larger and randomized studies are needed to understand the relationship between
representable tissue lesions and success rates.
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Introduction
Completeelectrical isolationofall pulmonaryveins (PVs) is thecorner-
stone of catheter atrial fibrillation (AF) ablation.1 Different ablation
techniques with different energy sources are currently in use to
perform PV isolation (PVI).2–5 Frequently, more than one procedure
is necessary to achieve durable long-term success without AF recur-
rence.6 AmainconcernofPVI is the insufficient long-termpermanency
of ablation lines.7–10 Cryoballoon ablation proved to be a feasible and

safe alternative to radiofrequency PVI.2,5 Recently, a newly designed
cryoballoon with a novel refrigerant injection system has been
introduced and approved.11–12 These changes might result in larger
and more distinct ablation lesions and thereby in higher ablation
success rates. Ablation lesions after AF ablation can be visualized
using late gadolinium enhancement magnetic resonance imaging
(LGE-MRI).13–15 More recently, the site of PV reconnection after an
initially non-successful AF ablation procedure was compared with
LGE-MRI ablation lesion delineation.13 We report our experience
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with ablation lesion formation detection using LGE-MRI 3 months
post-ablation in patients treated with the CB-S and the CB-A.

Methods

Patients
Thirty-six consecutive patients with highly symptomatic paroxysmal or
short-term persistent AF were included in the study between April and
November 2012. The first 18 patients were included in the first group
and treated with the CB-S until July 2012. The second treatment group
consisted of the subsequent 18 patients who were treated with the
CB-A. Exclusion criteria were a contraindication against MRI, left atrial
(LA) appendage thrombus, severe underlying structural heart disease,
and a previous LA ablation procedure.

The Arctic Front Advance Cryoballoon ablation catheter is a
re-designed second-generation cryoballoon. A new vaporization tech-
nology of the refrigerant provides a larger and more homogeneous freez-
ing area, covering the whole frontal hemisphere of the CB-A.

Ablation procedure
All PVI procedures were performed under conscious sedation with
appropriate doses of fentanyl and midazolam. A single transseptal
puncture was performed using a transseptal BRK-1 needle under intra-
cardiac ultrasound (ICE) guidance (ICE Catheter ViewFlex PLUS,
St Jude Medical/Irvine Biomedical, Inc.). A single 8F curved sheath
(FAST-CATH, Transseptal Guiding Introducer, St Jude Medical) was
positioned within the LA. Thereafter, heparin boluses were administered
repeatedly to reach an activated clotting time (ACT) of 300–380 s.
Further boluses were applied subsequently to maintain the target ACT
during the whole procedure. Importantly, at our institution, we per-
formed the procedure under an effective anticoagulation with an oral
vitamin K antagonist in most cases. A stiff guidewire (Amplatz Extra
Stiff Wire Guide 0.035′′ , Cook Medical) or alternatively an Inoue guide-
wire for transseptal access to the LA (EPFlex Feinwerktechnik GmbH)
was placed through the FAST-CATH sheath. This sheath was replaced
by a 12F transseptal sheath (FlexCath, Medtronic CryoCath LP), over
which the cryoballoon catheter (CB-S, Arctic FrontTM, Medtronic, Inc.;
or CB-A, Arctic Front AdvanceTM, Medtronic, Inc.) was inserted into
the LA. We used a 28 mm cryoballoon wherever possible. In patients
with a PV anatomy not suitable for the 28 mm balloon, a 23 mm cryobal-
loon was applied. For correct placement of the balloon into the PVostia, a
circular mapping catheter (Achieve Mapping Catheter, Medtronic
Ablation Frontiers) was introduced through the cryoballoon. Pulmonary
vein potentials were assessed simultaneously with the Achieve mapping
catheter during the freezing procedure to detect LA–PV conduction
block after the beginning of the freeze.

For position control of the balloon within the PV ostium and confirm-
ation of complete PV occlusion, contrast medium was injected from the

distal lumen of the cryoballoon catheter. Each cryoballoon ablation was
performed for at least 300 s. Pulmonary vein potentials were checked
before and after each freeze to confirm isolation. One additional freeze
was applied to each PV after confirmation of entrance block.

During freezingof the right PVs thephrenicnervewasconstantly paced
via the superior caval vein to check for beginning phrenic nerve palsy
(PNP). The endpoint of the procedure was confirmation of entrance
and exit block of each PV by placing the Achieve lasso catheter within
the PV ostium.

Late gadolinium enhancement magnetic
resonance imaging
Late gadolinium enhancement magnetic resonance imaging was obtained
in all 36 patients 3months post-ablation to assess the extent of non-viable
tissue, using methods described in recently published manuscripts.14,15

Briefly, all studies were performed on a 3 T Verio clinical scanner
(Siemens Medical Solutions) using a TIM phased-array receiver coil.
The scan was acquired 15 min following contrast agent injection
(0.1 mmol/kg, Dotarem, Guerbet B.P.) using a 3D inversion recovery,
respiration navigated, electrocardiogram (ECG)-gated, gradient echo
pulse sequence. Typical acquisition parameters were: free-breathing
using navigator gating, a transverse imaging volume with voxel size ¼
1.25 × 1.25 × 2.5 mm3 (reconstructed to 0.625 × 0.625 × 1.25 mm3),
repetition time/echo time (TR/TE) ¼ 5.4/2.3 ms, inversion time (TI) ¼
270–310 ms. GRAPPAwith R ¼ 2 and 46 reference lines. Electrocardio-
gram gating was used to acquire a small subset of phase encoding views
during the diastolic phase of the LA cardiac cycle. The time interval
between the R-peak of the ECG and the start of data acquisition was
defined using the cine images of the LA. Fat saturation was used to sup-
press fat signal. The TE of the scan (2.3 ms) was chosen such that fat
and water were out of phase and the signal intensity of partial volume fat-
tissue voxels was reduced to allow for improved delineation of the LA
wall boundary. The TI value for the LGE-MRI scan was identified using
a scout scan. Typical scan time for the LGE-MRI study was 5–10 min,
depending on subject respiration and heart rate.

Quantification of scar tissue using late
gadolinium enhancement magnetic
resonance imaging
The methods for quantification of LA scar tissue have been described
previously.14,15 Briefly, LA wall contours from the LGE-MRI images
were manually segmented by experts in image processing, using the
Corview image processing software (MARREK Inc.). The protocol for
segmentation proceeded as follows: first, the endocardial border of the
LA was defined, including an extent of PV sleeves, by manually tracing
the LA–PV blood pool in each slice of the LGE-MRI volume. Secondly,
the endocardial segmentation was morphologically dilated and then
manually adjusted to create an assessment of the boundary of the epicar-
dial LA surface. Finally, the endocardial segmentation was subtracted
from the epicardial segmentation to define a wall segmentation, which
was manually edited to exclude the mitral valve and PVs. Thus, the result-
ing LA wall segmentation included the 3D extent of both, the LA wall and
the antral regions of the PVs.

Quantification of scar was obtained using the methods previously
described elsewhere16 using the Corview image processing software
(MARREK Inc.).

Lesion formation analysis
In a lateral view, eachPVostiumwasdivided into four quarters (left super-
ior, right superior, left inferior, and right inferior) and it was decided,

What’s new?
† This is the first study comparing the re-designed cryoballoon

Arctic Front Advance and the former standard cryoballoon
using late gadolinium enhancement magnetic resonance
imaging.

† Three months after cryoballoon atrial fibrillation ablation, the
left pulmonary veins (PVs) showed more intense ablation
lesions compared with the right PVs.
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whether the quarter section showed an uninterrupted ablation lesion or
not. For each patient, the rate of complete ablation quarters in relation to
all PV quarters was defined. In addition, it wasdecided, how many PVs per
patient demonstrated a complete circumferential ablation lesion. This
analysis was done by three experienced operators independently and
blinded to the patients’ allocation to the treatment group. After evalu-
ation, a final decision on each case was made by majority or in agreement
on each case with differing operator decisions.

Endpoints
The primary endpoint of the study was the ratio of PVs with visually
uninterrupted circumferential ablation lesions around the PVs according
to LGE-MRI in the group treated with the CB-S vs. the group treated
with the CB-A. Secondary endpoints were freedom of AF recurrence
3 months after ablation and the ratio of quarter segments with complete
ablation lesions around the PVs according to LGE-MRI in the CB-S vs.
the CB-A group. For this purpose, LA ablation lesions were detected
using LGE-MRI and quantified using the Corview software.

Statistical analysis
Continuous variables are presented as mean+ SD or median with inter-
quartile range (IQR). Categorical variables are expressed as absolute
numbers and percentages. Baseline variables were compared by an inde-
pendent t-test (two-tailed) for all normally distributed continuous vari-
ables and by the Mann–Whitney test (two-tailed) in all not normally
distributed variables. Categorical variables were tested by two-sided
Fisher’s exact test. Statistical analysis was performed with SPSS software.
Statistical significance was assumed for P , 0.05.

Results
A total of 36 patients (20 men, 56%; mean age 63.0+9.1 years) were
treated with the standard cryoballoon (n ¼ 18) or with the new
Arctic Front Advance cryoballoon (n ¼ 18). Twenty-five (69%)
patients suffered from paroxysmal AF and 11 from short-term per-
sistent AF (31%). Time since first diagnosed AF was median 11.5
months (6–24 months IQR) and the mean number of antiarrhythmic

drugs before ablation was 0.5+0.7. Both treatment groups did not
differ significantly concerning patient characteristics (Table 1).

Procedural data and follow-up
Pulmonary vein isolation was achieved in all 70 PVs in the group of
patients treated with the CB-S (3.9+ 0.5 PVs per patient) and in all
68 PVs in the group of patients treated with the CB-A (3.8+ 0.5
PVs per patient). Of the 18 patients in the CB-S group 2 patients
had an accessory right middle PV, in the CB-A group 1 patient had
an accessory right middle PV and 1 patient had a right common
trunk. In each group four patients had a left common trunk
(Table 2). In 16 patients of the first group, a 28 mm CB-S only and
in 2 patients a 23 mm CB-S was used additionally to the 28 mm
balloon (n ¼ 1) or exclusively (n ¼ 1). In 15 patients of the second
group a 28 mm CB-A, in 3 patients a 23 mm CB-A was used.

The lowest mean temperature was 248+88C in the first group
and 247+78C in the second group (n.s.). The mean number of
freezes per PV did not differ significantly in both groups (2.66+1.2
vs. 2.72+1.0). Regarding the lowest mean temperature during
cryoballoon ablation, the left PVs showed slightly but not significantly
lower cryoballoon temperatures compared with the right PVs
(248+8 vs. 246+88C; P ¼ 0.22).

The degree of PV occlusion by the cryoballoon was classified into
four categories with ‘1/4’ meaning a low grade of occlusion and ‘4/4’
describing a complete occlusion with contrast dye remaining within
the PV during the whole freezing period. In both treatment groups,
a ‘4/4’ occlusion was reached in most cryoballoon applications. In
cases with a ‘3/4’ occlusion at the beginning of the freeze special man-
oeuvres like a ‘pulldown manoeuvre’ were performed during the
freezingprocess to achieve complete occlusion. A slight temperature
drop directly after this manoeuvre indicated an improvement of an
initially not optimal occlusion. In case of insufficient temperature
drops despite special manoeuvres, the freeze was stopped and cryo-
balloon positioning was repeated to achieve a better PV occlusion.

In four patients in the first group and in two patients in the second
group, LGE-MRI scans were of poor quality due to rhythm- and

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

Table 1 Patient baseline characteristics

Group 1 (SCB) (n 5 18) Group 2 (ACB) (n 5 18) All patients (n 5 36) P value

Male (%) 56 56 56 n.s.

Age (years) 62+10 64+8 63+9 n.s.

Paroxysmal AF (%) 67 72 69 n.s.

Hypertension (%) 83 100 92 n.s.

CAD (%) 11 33 22 n.s.

Diabetes (%) 28 11 19 n.s.

Renal insufficiency (%) 0 0 0 n.s.

LA size (mm) 45+2 46+2 46+2 n.s.

LVEF (% EF) 62+6 63+5 62+6 n.s.

AADT before ablation 0.6+0.7 0.4+0.7 0.5+0.7 n.s.

28 mm balloon n, (%) 17 (94) 15 (83) 32 (89) n.s.

Data are expressed as mean+ SD, as %, or as n (%).
SCB, standard cryoballoon; ACB, advance cryoballoon; AADT, antiarrhythmic drug therapy; CAD, coronary artery disease.
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breathing artefacts and therefore could not be evaluated regarding
ablation lesions.

Late gadolinium enhancement magnetic
resonance imaging at 3 months follow-up
Thirty LGE-MRI scans of the LA (83%) 3 months after PVI were of
excellent quality for ablation lesion evaluation. The proportion of
quarter segments with continuous lesions was 59% in the CB-S
group and 58% in the CB-A group, which was not significantly differ-
ent. Regarding the proportion of PVs with complete circular lesions,
there was also no significant difference between both groups (35 vs.
32%; Figure 1). Comparing patients with AF recurrence with patients
without AF recurrence, both groups did not differ significantly
regarding the proportion of PV quarter segments with complete
ablation lesions and the proportion of complete encircled PVs
(60 vs. 57%; P ¼ 0.66 and 32 vs. 36%; P ¼ 0.67).

In the whole study cohort, all left PVs showed a significantly higher
proportion of PV quarter segments with complete ablation lesions
compared with the right PVs (83 vs. 34%; P , 0.001; Figure 2). And

far more left PVs showed complete circumferential ablation lesions
comparedwith the rightPVs (62vs. 7%;P , 0.001).Whencomparing
the CB-S with the CB-A regarding the proportion of left PV quarter
segments with ablation lesions, the difference was not significant (81
vs. 85%; P ¼ 0.56).

When comparing all patients treated with a small cryoballoon or
with a small and a large cryoballoon vs. all patients treated with a
large cryoballoon exclusively, there was no significant difference
regarding short-term AF recurrence rate or ablation lesion amount
(17 vs. 30% AF recurrence, P ¼ 0.65; 60 vs. 59% ratio of quarter seg-
ments with complete ablation lesions, P ¼ 0.93; Figure 3).

Pulmonary veins with complete circumferential ablation lesions
according to LGE-MRI showed slightly but not significantly lower
minimal ablation target temperatures compared with PVs with incom-
plete ablation lesions (247.3+6.4 vs. 245.8+7.68C; P ¼ n.s.).

Examples of LA reconstructions with complete, interrupted, and
without relevant circular ablation lesions around PVs 3 months
after ablation are given in Figures 4–6.
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Figure 1 Ratio of circumferentially encircled PVs according to
LGE-MRI 3 months after ablation.
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Figure 2 Ratio of quarter segments with complete ablation
lesions according to LGE-MRI 3 months after ablation. The ratio
of all left and all right PV segments with complete ablation lesions
is given in %. PV, pulmonary vein.
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Table 2 Procedural parameters

Group 1 (SCB) (n 5 18) Group 2 (ACB) (n 5 18) All patients (n 5 36) P value

Number of veins treated 70 68 138 n.s.

Mean minimal temperature (8C) 247.6+8 247.1+7 246.8+8 n.s.

Freezing applications per vein 2.66+1.2 2.72+1.0 2.69+1.1 n.s.

PV acute isolation (%) 100 100 100 n.s.

PV anatomy

Normal (4 PVs) 12 12 24 n.s.

Left common Os 4 4 8 n.s.

Right common Os 0 1 1 n.s.

Accessory right PV 2 1 3 n.s.

Data are expressed as mean+ SD, as %, or as n.
SCB, standard cryoballoon; ACB, Advance cryoballoon.
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Atrial fibrillation recurrence and adverse
events at 3 months follow-up
According to 7-day Holter ECG, 26 of 36 (72%) patients in the whole
cohort were free of AF at 3-month follow-up. In the second group
of patients treated with the CB-A, significantly more patients were
free of AF recurrence 3 months after PVI (89 vs. 56%; P ¼ 0.025).

Two procedure-related adverse events were observed during the
study. One arterial aneurysm occurred in a patient of the CB-S group
and one PNP occurred after freezing of the right superior PV in a
patient of the CB-A group despite PNP (PNP resolved within a

couple of days after the procedure). In all patients, a gastroduodeno-
scopy was performed before discharge after the ablation procedure.
Oesophageal lesions were not seen in any of the patients. All patients
in both groups underwent an MRI scan before and 3 months after
ablation. In none of the patients, a PV diameter loss was seen in the
follow-up MRI scan.

Discussion
The current prospective analysis is the first study comparing LA
lesion formation detected by LGE-MRI short-term after PVI using
one of the two currently available cryoballoon types. Recently,
LGE-MRI has demonstrated to successfully delineate scar in the LA
wall as a result of ablation.14,15,17,18 Moreover, it has been demon-
strated that the higher the extent of LGE after radiofrequency abla-
tion the higher the ablation success rate was.14,17

According to this single-centre study, the CB-A demonstrated a
safety profile comparable with that of the original CB-S, but a signifi-
cantly higher short-term success rate. These results are well in line
with the results reported by Fürnkranz et al.19 The re-designed
CB-A allows for a more homogeneous distribution of the cooling
effect around a larger area of the distal balloon pole. A more homo-
geneously distributed freezing of the atrial tissue could increase acute
and long-term PVI. Badger et al.15 showed that in patients with AF
recurrence afterPVI, the majorityof PVs were found to have regained
electrical continuity in 30 of 37 PVs. If the rate of PV reconnection
could be decreased, short- and long-term efficacies might increase.

Hypothesis of this study was that a more efficient cryoballoon gen-
eration results in a higher amount of ablation lesions according to
LGE-MRI and in a higher short-term success rate. However, ablation
lesions around the PVs in both treatment groups did not differ
significantly regarding the proportion of ablated segments and the
proportion of complete encircled PVs despite a significantly different
short-term AF recurrence rate. These results are in contrast to the
results of McGann et al.14 and Peters et al.17 All of the recently pub-
lished work indicating the capability of LGE-MRI to predict ablation
success or the site of PV reconnection analysed patients after radio-
frequency ablation. Lesion formation after cryoballoon ablation
might result in a different quality and amount of LGE. Also, the differ-
ence between the ablation lesion amount after using the CB-S vs. the
CB-A might have been too small to be detected in a study consisting
of only 36 patients. However, it is also possible that the amount of
lesions and the completeness of circumferential ablation lesion sets
after cryoballoon ablation do not correlate with the clinical ablation
success.

When comparing all left PVs of the whole study cohort with all
right PVs, the left PVs showed a significantly higher proportion of
PV segments with complete ablation lesions compared with the
right PVs. This is not surprising, as it is much easier to place the
cryoballoon into the left PVostiawith a higher degree of PVocclusion
without additional manoeuvres and a more central cryoballoon align-
ment than to the right ostia and with higher contact pressures of
the cryoballoon to the atrial tissue. These results are well in line
with the results of Badger et al.15 who found higher lesion amounts
around the left PVs compared with the right PVs (74 and 56% scar
for left superior and left inferior PVs vs. 53 and 45% for right superior
and right inferior PVs).
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Figure 3 Ratio of quarter segments with complete ablation
lesions according to LGE-MRI 3 months after ablation. The ratio
of PV segments with complete ablation lesions after ablation with
a large cryoballoon is displayed in green and after ablation with a
small or small + large cryoballoon is displayed in red. PV, pulmon-
ary vein.

Figure 4 Late gadolinium enhancement magnetic resonance
imaging reconstruction of the LA 3 months after ablation with a
28 mm advance cryoballoon. Left posterior view of the LA,
healthy LA tissue is shown in blue, scar tissue is shown in red, and
PV in grey. Intense continuous ring-shaped ablation lesion around
the left inferior PV (dotted lines depict the ablation lesion area
around the PV), nearly no scar tissue around the right inferior PV.
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Figure5 Late gadolinium enhancement magnetic resonance imaging reconstructionof the LA 3months afterablation with a 28 mm advance cryo-
balloon. Left posterior view (left) and right anterior oblique view (right) of the LA, healthy LA tissue is shown in blue, scar tissue is shown in red.
Interrupted ablation lesions around the left PVs and no relevant ablation lesions around right PVs (dotted lines depict the ostial ablation areas
around the PVs).

Figure6 Late gadolinium enhancement magnetic resonance imaging reconstructionof the LA 3months afterablation with a 28 mm advance cryo-
balloon. Left posterior view (left) and right posterior view (right). Left inferior PV with complete circumferential lesions, right PVs with incomplete
ablation lesions (upper segments with incomplete lesion formation, lower segments without any lesion formation, dotted lines depict ostial ablation
areas—typical LGE lesion pattern after cryoballoon ablation).
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Fürnkranz et al.8 found a higher conduction recovery at inferior
sites especially of ipsilateral PVs and identified sharp catheter angula-
tions with loss of central catheter alignment as a possible reason for
this. This could explain why we found significantly lower lesion
amounts around right compared with left PVs, despite reaching com-
plete cryoballoon occlusion at least after additional manoeuvres in
nearly all PVs. But PV reconnection is also a relevant issue concerning
radiofrequency AF ablation. Lemola et al.20 demonstrated that elec-
trical PV reconnection is the most common mechanism of AF recur-
rence in segmental radiofrequency energy ablation.

Late gadolinium enhancement induced by ablation represents
ablation tissue injury and directly indicates an ablation effect. Ranjan
et al.21 accurately identified ablation lesion gaps using LGE-MRI of up
to 1.4 mm in a swine model. More recently, LGE-MRI was used to
determine the site of PV reconnection in patients who have under-
gone initial AF ablation but suffered arrhythmia recurrence.13

There is evidence that LGE-MRI is able to predict the site of recon-
nection after PVI in patients with AF recurrence and a redo proced-
ure. Bisbal et al.22 were able to target the site of PV reconnection in
nearly all cases and gaps in roof lines in all cases in the redo procedure
by LGE-MRI in their study of 15 patients with radiofrequency AF
ablation. There are also controversial data reporting an insufficient
accuracy to identify ablation lesions reliably in AF patients treated
with radiofrequencyorcryoballoonablation.23 However, it is reason-
able to postulate a relationship between the amount of circular
LGE-MRI lesions and ablation success. Nevertheless, the current
study failed to demonstrate this possible association, either
because the patient cohort was too small or the time between PVI
and LGE-MRI was not optimal. Moreover, LGE-MRI according to
the protocol used in the current study might not be suitable to
detect differences in cryoballoon ablation lesions that are relevant
for prediction of AF ablation outcome.

Other predictors for AF recurrence after AF ablation have recent-
ly been introduced. Besides LA diameter, type and duration of AF
before ablation, and structural heart disease, the degree of LA struc-
tural remodelling is one of the predictors of AF recurrence.24 In the
current study, we did not analyse LA fibrosis indicating the degree of
structural remodelling. Future studies should focus on the relation-
ship between structural remodelling, induced scar tissue, and long-
term ablation results.

Finally, there are several different issues that have to be considered
as possible explanations for our finding of similar amounts of lesions
and complete circumferential lesion sets around PVs in both treat-
ment groups.

First, the small number of patients and a possibly not optimal
LGE-MRI protocol or timing of MRI scans after ablation might have
influenced these counterintuitive results. Secondly, cryoballoon
ablation might result in a different type of LGE-MRI lesion delineation
compared with RF ablation with a less distinct lesion demarcation.

Regarding success rate, the CB-A seems to be more effective than
the CB-S. These results are in line with other recently published data
comparing both cryoballoon types.19

Until now, only results of single-centre studies comparing both
balloon types are available. Future larger randomizedand multicentre
trials should define efficacy and safety of the new cryoballoon. The
amount of ablation-induced lesions around the PVs might play an
important role in evaluating freezing effects after the use of the

two different cryoballoons and should be a matter of investigation
in future trials.

In the current study, oesophageal temperature was not measured
during freezing. Important to mention, all patients included in this
study underwent an endoscopic oesophageal examination routinely
1–3 days after ablation. Therefore, acute oesophageal tissue altera-
tions would have almost certainly been diagnosed. However, Fürnk-
ranz et al.25 observed visible oesophageal lesions after the use of the
CB-A in their study.

Late gadolinium enhancement magnetic resonance imaging lesion
amount or pattern did not differ significantly between both cryobal-
loon types and between patients with or without short-term AF
recurrence. It would have been of interest, if visually complete
circumferential LGE-MRI lesions translated into electrically isolated
PVs. In the current study, a follow-up electrophysiological (EP)
study after ablation was not performed.

Limitations
Of note, the current study had an observational character. Patients
were not randomized to the treatment groups and a statistical
power estimation was not performed. The study included a relatively
small number of patients in each treatment group. Nonetheless, both
patient groups were comparable concerning patient characteristics.
All patients included in the study were treated by two experienced
operators according to exactly the same ablation protocol as men-
tioned above. A 3 month follow-up period is not sufficient to evaluate
long-term ablationsuccess. However, recent studieshaveshownthat
short-term recurrence is the strongest predictor of long-term recur-
rence after ablation in patients with AF. Follow-up EP studies were
not performed. Therefore, PV reconnection as a possible mechanism
for AF recurrence could not be confirmed. And finally, the LGE-MRI
protocol and the time of MRI after ablation might not have been suit-
able to identify differences in ablation lesions between both treat-
ment groups despite different ablation results. Late gadolinium
enhancement magnetic resonance imaging was not able to detect a
different ablation lesion amount after ablation with the CB-S vs. the
CB-A in this study. However, significantly higher ablation lesion
amounts in left-sided vs. right-sided PVs are well in line with the
results of other studies showing higher lesion amounts of left-sided
vs. right-sided PVs after RF ablation.15 Furthermore, ablation
lesions delineated by LGE-MRI were found only in the typical
contact areas between cryoballoon and atrial tissue, thereby demon-
strating the capability of LGE-MRI to detect cryoballoon ablation
lesions.

Conclusion
Cardiac MRI is able to visualize induced ablation lesions after PVI and
might be suitable to quantify ablation lesion amount. Ablation lesion
formation did not differ significantly in patients treated with the CB-S
vs. theCB-A despite a significantly lower rate of AF recurrenceafter3
months in the CB-A group. Left PVs showed a significantly higher
amount of ablation lesions compared with the right PVs. Larger and
randomized studies are needed to understand the relationship
between representable tissue lesions and success rates.
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