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Abstract
Background Laser balloon (LB) and cryoballoon (CB) ablation are two balloon-based catheter ablation technologies used for
atrial fibrillation (AF) ablation in recent years. However, the efficacy and the safety of LB ablation in comparison to CB ablation
remained indeterminate. We sought to compare these two technologies by conducting meta-analysis of previous studies using
both the CB and LB ablation systems for AF ablation.
Methods We searched electronic scientific databases for studies of LB vs. CB ablation in AF patients. The procedural efficacy
was assessed by the success of acute pulmonary vein isolation (PVI) and the 12-month recurrence of any atrial arrhythmia, and
the safety was evaluated by the risk of procedure-related complications.
Results A total of 595 participants (LB, n = 292 vs. CB, n = 303) from eight studies were included in this meta-analysis. Risk of acute
PVI failure (risk ratio, RR 95% confidence interval [95% CI] = 2.55 [0.86–7.56], P = 0.09) and atrial arrhythmia recurrence in
12 months (RR [95% CI] = 0.91 [0.64–1.28], P = 0.59) were comparable between LB vs. CB ablation, and LB ablation tended to
be more effective than CB ablation in paroxysmal AF patients (RR [95% CI] = 0.70 [0.47–1.03], P = 0.07). Risk of procedure-related
complications was similar while LB ablation showed slightly higher risk without statistic significance (LB 13.9% vs. CB 9.3%, RR
[95% CI] = 1.52 [0.88–2.64], P = 0.14). Compared with CB ablation, LB ablation led to longer procedure duration (weighted mean
differences WMD [95% CI] =29.7 [15.8–43.7], P < 0.001) while similar fluoroscopy duration was observed between these two
ablation devices (WMD [95% CI] =− 1.99[− 6.46–2.47], P = 0.38).
Conclusions LB ablation has a trend toward higher procedural efficacy compared with CB ablation in paroxysmal AF patients.
However, longer procedure duration and a statistically non-significant trend of more procedure-related complications were also
observed in patients ablated by LB. Further larger comparative randomized trials are warranted to disclose the impact of LB
compared with CB for ablation of AF.
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1 Background

Atrial fibrillation (AF) is one of the most common sustained
form of cardiac arrhythmia. For symptomatic AF refractory to

anti-arrhythmic drugs, catheter ablation of AF is recommend-
ed as optimal therapeutic strategy by guidelines [1].
Pulmonary vein isolation (PVI) is the corner stone of catheter
ablation of AF, which alone has been demonstrated to have
similar therapeutic efficacy comparedwith PVI with extensive
lesions [2].

To simplify PVI procedures, balloon-based catheter abla-
tion technologies were developed in recent years. The
cryoballoon (CB) ablation system, using cryoenergy for abla-
tion, has been shown excellent efficacy and safety in a number
of trials [3, 4]. In recent years, a newly invented laser balloon
(LB) ablation system, consisting of a compliant balloon ad-
justable in size from 9 to 35 mm and a miniature endoscope
allowing for visually guided segment-by-segment ablation,
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has also been shown favorable feasibility and durable PVI in
several multicenter trials [5–7].

Several studies were conducted to compare these two
balloon-based catheter ablation. However, reported results
are variable in terms of ablation efficacy, procedural pa-
rameters and complications. Thus, we sought to conduct
this meta-analysis to resolve discrepancies among studies
and to derive comprehensive estimates of safety and effi-
cacy of LB ablation by comparing to CB ablation for AF
treatment.

2 Methods

The present review was conducted in accordance with the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses guidelines (PRISMA). The protocol for our
study was registered in the international prospective register
of systematic reviews (PROSPERO), with the registration
number CRD42018093332 (available from https://www.crd.
york.ac.uk/PROSPERO/display_record.php?RecordID=
93332).

2.1 Literature search

Scientific databases such as PubMed, EMBASE, Web of
Science, the Cochrane library, and other electronic databases
were searched for studies comparing cryoballoon or laser bal-
loon ablation for AF. The following key words and the corre-
sponding Medical Subject Heading (MeSH) terms were used:
BAF,^ Bpulmonary vein isolation,^ Bcryoballoon,^
Bcryoablation,^ Blaserballoon^. The reference list of all eligi-
ble items was checked for identification of further relevant
studies.

2.2 Study selection and quality assessment

Studies that were included in our meta-analysis should meet
the following criteria: (1) randomized or non-randomized pro-
spective studies and retrospective studies enrolling consecu-
tive patients; (2) studies comparing patients undergoing BPVI-
only^ using laser balloon or cryoballoon; (3) studies including
patients with AF and/or paroxysmal AF (PAF) and/or persis-
tent AF (Per AF). Non-comparative trials, abstract-only arti-
cles, case reports, editorials, and reviews as well as studies
containing no adequate outcomes of interest were excluded
from this study.

Two investigators (Y. Wand N. Z) independently screened
each citation for inclusion. Two reviewers (Y. W and N. Z)
independently reviewed the full-text articles of potentially rel-
evant studies to determine their eligibility. Discrepancies be-
tween themwere resolved by discussion with the entire group.
We extracted the following data from the included studies:

publication year, the first author, geographic area, number of
patients, the baseline characteristics of the study population,
features of the study design, and the data we need in our meta-
analysis.

2.3 Outcome variables and definitions

The primary efficacy outcome of our study was the achieve-
ment of acute PVI after balloon-based ablation alone and the
1-year recurrence of any atrial arrhythmia 3 months after ab-
lation procedure without the administration of anti-arrhythmic
drugs. The primary safety outcome was the procedure-related
complications, including groin complication, embolic events,
phrenic nerve palsy (PNP) unresolved until discharge, cardiac
tamponade, and new asymptomatic embolic cerebral lesion.
Secondary outcomes were procedure duration and fluorosco-
py duration.

2.4 Statistical analysis

Data were pooled using random effects models, according to
the Mantel–Haenszel model. Fixed effect model was also test-
ed and results reported only if different from random effects.
Dichotomous outcome data were expressed as risk ratios
(RRs) with 95% confidence intervals (CIs) and continuous
outcome data as weighted mean differences (WMDs) with
95% CIs. The present study assessed the heterogeneity be-
tween studies using the Cochran’s Q statistic and the I2 index.
I2 values of < 25%, 25–50%, or > 50% indicated low, moder-
ate, or high heterogeneity. Sensitivity analysis was performed
to check the consistency of the overall effect estimate. The
presence of publication bias was evaluated by the use of fun-
nel plots, Egger test, and Begg test. All statistical testing was
two-tailed with a statistical significance set at P < 0.05.
Statistical analysis was performed with RevMan 5.3 (The
Cochrane Collaboration, The Nordic Cochrane Centre,
Copenhagen, Denmark).

3 Results

3.1 Literature search

The electronic search yielded 120 potentially relevant ab-
stracts. After removing duplicates and ineligible abstracts,
we reviewed the full text of 24 reports. Of these reports, 16
reports were excluded for respective reasons. Consequently,
eight studies were finally selected in this meta-analysis
[8–15]. The results of the search and selection process are
shown in Fig. 1.
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3.2 Study characteristics

Supplementary Table S1 summarizes the characteristics of
included studies. In all studies, patients were sufficiently
anticoagulated and an activating clotting time was maintained
between 300 and 350 s. LB ablation was all performed with
visually guided laser ablation catheter (HeartLight™,
CardioFocus). Laser energy level was applied between 5.5
and 12 W according to the degree of tissue exposure for 20
to 30 s in order to achieve PVI in most studies. CB ablation
was performed mostly with 28-mm second-generation CB
(Arctic Front Advance™, Medtronic). In all studies,
cryoablation for 240 to 300 s were applied after obtaining
optimal pulmonary vein occlusion and a single bonus appli-
cation was delivered after PVI.

The main clinical characteristics of participants included in
the meta-analysis were reported in Table 1. Of the 595 patients
included in this analysis, 292 patients underwent LB ablation
and 303 underwent CB ablation. Types of AF were predom-
inantly PAF, but three studies included a small portion of Per
AF (especially short-standing Per AF) and one study enrolled
only Per AF. Cases were mainly males (69%), with a mean
age of 62.4 years old, 11% diabetics, 57% hypertensive, 16%
coronary arterial disease, a mean LVEF of 60.8% and a mean
LA diameter of 41.1 mm.

3.3 Primary outcomes

The failure of PVI was available for six studies, in total of 489
patients (LB, n = 239 vs. CB, n = 250). PVI failure occurred in
24 patients (24/239, 10.0%) in LB arm and 19 patients (19/
250, 7.6%) in CB arm (RR [95% CI] = 0.84 [0.61–1.14], P =
0.25) but it exists a medium heterogeneity with I2 = 48% and
P for heterogeneity (Phet) = 0.09. This may be due to dissim-
ilar patient populations, different ablation catheter, and abla-
tion experience of operator. In Casella study, a large portion of
CB patients were ablated with first generation CB catheter,
which showed a significant increase of PVI failure (RR
[95% CI] = 0.08 [0.01–1.32]). Therefore, we excluded this
study in the analysis and found a trend of higher rate of PVI
failure with LB catheter (LB 24/219, 11.0% vs. CB 9/215,
4.2%; RR [95% CI] = 2.55 [0.86–7.56], P = 0.09; I2 = 24%,
Phet = 0.26). It was noted that by using fixed effect model,
PVI failure with LB catheter was higher than with CB catheter
(RR [95% CI] = 2.55 [1.22–5.34], P = 0.01).

The recurrence of any atrial arrhythmia in 1 year was avail-
able for six studies, in a total of 446 patients (LB, n = 208 vs.
CB, n = 238). Recurrence occurred in 118 patients (26%), and
the risk of recurrence in total did not differ between patients
treated with LB ablation and those with CB ablation (LB 25%
vs. CB 27%; RR [95% CI] = 0.91 [0.64–1.28], P = 0.55; I2 =
11%, Phet = 0.35). When stratifying the results according to
AF type, the risk of recurrence tended to be lower in the LB

group than in the CB group if only PAF were included (LB
20% vs. CB 27%; RR [95% CI] = 0.70 [0.47–1.03], P = 0.07;
I2 = 0%, Phet = 0.92). In the subgroup of studies including Per
AF, risk of recurrence was comparable between two studies
(LB 40% vs. CB 27%; RR [95% CI] = 1.48 [0.87–2.51], P =
0.15; I2 = 0%, Phet = 0.75) (Fig. 2).

In terms of safety, procedure-related complications were
occurred in 35 patients (13.9%) treated with LB ablation and
23 patients (9.3%) treated with CB ablation. The risk of over-
all complication showed no significant difference (RR [95%
CI] = 1.52 [0.88–2.64], P = 0.14; I2 = 5%, P for heterogeneity
(Phet) = 0.39).

Groin complication (LB 4.0% vs. CB 2.1%; RR [95%
CI] = 1.80 [0.55–5.91], P = 0.33; I2 = 0%, Phet = 0.67), cardi-
ac tamponade (LB 2.8% vs. CB 0.6%; RR [95% CI] = 2.85
[0.56–14.47], P = 0.21; I2 = 0%, Phet = 0.89), PNP (LB 3.8%
vs. CB 3.8%; RR [95% CI] = 0.96 [0.38–2.42], P = 0.93; I2 =
0%, Phet = 0.78) and new asymptomatic embolic brain lesion
(LB 23.6% vs. CB 20.0%; RR [95% CI] = 1.46 [0.62–3.44],
P = 0.39; I2 = 0%, Phet = 0.64) did not show significant differ-
ences between patients treated with LB ablation and those
treated with CB ablation (Fig. 3).

Three studies with 270 patients reported only one embolic
events in LB-ablated patients, two studies with 200 patients
reported only 1 esophageal injury in LB-ablated patients, two
studies with 160 patients reported only 2 gastroparesis in CB-
ablated patients and three studies with 270 patients reported 0
death. We were unable to conduct analysis for those compli-
cations due to the low event number.

3.4 Secondary outcomes

Mean procedure duration was 168min in LB arm and 141min
in CB arm, which was available for seven studies. Longer
procedure duration was observed with LB compared with
CB (Range 141–201 min vs. 103–185 min, WMD [95% CI]
= 29.7 [15.8–43.7], P < 0.001). There was high heterogeneity
for this risk estimate (I2 = 83%, Phet < 0.001). A comparable
fluoroscopy duration was observed between LB and CB
(Range 12–28 min vs. 14–36 min, WMD [95% CI] = −
1.99[− 6.46–2.47], P = 0.38) with high heterogeneity (I2 =
89%, Phet < 0.001) (Fig. 4).

3.5 Small study effects and publication bias

Funnel plot distribution of primary efficacy outcomes, prima-
ry safety outcomes, and secondary outcomes showed no pub-
lication bias after visual estimation. Additionally, Egger test
and Begg test were performed for PVI failure, arrhythmia
recurrence, procedure-related complications, and procedure
parameters respectively and no publication bias was found.
Sensitivity test showed that no single study significantly
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altered the summary RR for primary and secondary outcomes
(see supplementary material online, Table S2, Fig. S1).

4 Discussion

4.1 Principal findings

This was the first meta-analysis which investigated efficacy and
safety of LB vs. CB ablation for PVI in AF patients. The main
findings are as follows: (i) LB ablation seems to be associated
with higher risk of PVI failure but more effective than CB

ablation in PVI for paroxysmal AF in terms of 1-year outcome;
(ii) LB ablation shows a non-significant trend for more
procedure-related complications; and (iii) procedure duration of
LB ablation was longer.

4.2 Efficacy

In the present analysis, LB ablation was essentially compared
with CB, thus a comparison of Bsingle-shot^ and Bsegment-
by-segment^ balloon-based PVI ablation. Although a trend of
higher PVI failure using LB ablation was observed, the 12-
month success rate was comparable between two groups. PV

90 of records identified through 

database searching 

30 of additional records identified 

through other sources

72 of records after duplicates removed 

48 of records screened 24 of records excluded

24 of full-text articles 
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Fig. 1 Flow chart of the
systematic literature research for
the meta-analysis

Table 1 Main clinical characteristics of participants included in the meta-analysis

Study Patients, n Type of AF Mean age (years) Males (%) DM (%) HTA (%) CAD (%) Mean LVEF (%) Mean LAD
(mm)

Bordignon 2013 140 PAF 63.0 ± 10.6 66 12 62 10 63.0 ± 5.1 39.9 ± 4.4

Schmidt 2013 66 PAF 65.5 ± 9.1 N/A 6 25 17 60.0 ± 6.1 40.0 ± 5.0

Kumar 2014 60 PAF and Per AF 58.3 ± 7.0 73 N/A 13 6 57.7 ± 5.4 N/A

Wissner 2014 64 PAF or short-standing
Per AF

62.4 ± 9.0 67 5 69 10 64.0 ± 7.0 42.4 ± 4.7

Casella 2014 55 PAF 57.6 ± 10.7 73 N/A N/A N/A 61.8 ± 7.0 41.8 ± 5.1

Tsyganov 2015 100 PAF 62.5 ± 10.1 63 16 64 N/A N/A 43.0 ± 5.9

Stockigt 2016 70 Pers AF 65.2 ± 10.0 77 19 79 43 55.2 ± 13.5 N/A

Perotta 2017 40 PAF or short-standing
Per AF

66.5 ± 9.5 73 5 88 20 62.0 ± 4.1 40.0 ± 4.5
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anatomical factors might contribute to PVI failure. Right in-
ferior PV (RIPV) was known to cause poor alignment of the
balloon, resulting in poor contact of balloon at the ostium,
which caused most isolation failure compared to other PVs
[8, 13]. In addition, unfavorable orientation of PV has been
linked to worse long-term efficacy. Gal [16] discovered that
ventral-caudal orientation of left inferior PV (LIPV) was as-
sociated with lower 1-year AF-free survival after LB ablation
compared with dorsal-cranial orientation of LIPV. This may
be caused by the non-fluent deployment of LB in ventral-
caudal-oriented LIPV. Proximity of extra-cardiac structures
such as the esophagus or the phrenic nerve seems to be anoth-
er reason. Stöckigt [14] reported that LB procedures were
prematurely interrupted predominantly due to excessive
esophageal temperature rise, resulting in incomplete PV iso-
lation (especially LIPV) in three patients. Learning curve ef-
fect influence acute PVI success as well. It was demonstrated
in several studies that number of incompletely isolated PVs,
incidence of complications, procedure duration and fluoros-
copy duration declined over time [5, 14, 17]. Further large-

scale studies are warranted to disclose the impact of LB cath-
eter compared with CB catheter on acute PVI success.

LB ablation tended to have lower acute PV isolation rate than
CB; however, both ablation devices showed similar long-term
efficacy in the total population. The overall 1-year AF-free rate
was 75.1% after LB ablation and 73.5% after CB ablation, which
is coherent with previous study [7]. Additionally, AF recurrence
seemed to be lower after ablation therapy by LB compared with
CB in paroxysmal AF patients. A potential reason was the dura-
ble lesion created by LB, as 86% PVs remained isolation
3 months after LB isolation [18]. In Bordignon study [8], repeat
procedure was performed in patients experiencing AF recurrence
and it was found that 68% PV previously isolated by CB and
42% PV isolated by LB showed reconduction to the LA,
resulting in a risk reduction of 37% to have PV reconduction
during repeat procedure. Figueras [19] reported that laser balloon
ablation achieved more complete anatomical PVI and less LA
scar extension compared with radio-frequency ablation using
late-gadolinium-enhanced cardiac magnetic resonance.
However, energy titration in LB ablation affects acute and

Fig. 2 Risk estimates of the primary efficacy outcome of LB vs. CB ablation. PVI, pulmonary vein isolation; AF, atrial fibrillation; LB, laser balloon,
CB, cryoballoon
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chronic outcomes. Compared with low dose ablation (5.5–
8.5 W), high-dose ablation (> 8.5 W) showed better acute PVI
rate (89% vs. 69%), higher proportion of patients in whom all
PVs were isolated after a single ablation circle (70% vs. 39%) as
well as a lower recurrence rate after a follow-up of 311 days
(17% vs. 40%) [20]. To date, LB ablation showed non-inferior
long-term efficacy to CB ablation, and further studies are still

needed to draw the conclusion of the impact of LB on long-
term outcome.

4.3 Safety

Regarding the safety outcome, though in this analysis LB
ablation showed slightly higher risk of procedure-related

Fig. 3 Risk estimates of the primary safety outcome of LB vs. CB ablation. LB, laser balloon, CB, cryoballoon
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complications, both ablation techniques showed comparable
safety profile. PNP was a common periprocedural complica-
tion of balloon-based ablation for AF probably because of the
distortion of right superior PVanatomy due to balloon dilation
and decreasing of the distance to PN [21]. In all cases PNP
recovered during follow-up and risk for PNP showed no dif-
ference between two ablation devices. One remarkable point
was that 4 out of 5 patients who experienced cardiac
tamponade in the present analysis were ablated by LB despite
of lack of statistical significance. A recent meta-analysis in-
cluding 1188 AF patients treated by LB showed that the
pooled risk of cardiac perforation or tamponade was 1.1%
[22]; however, much lower incidence was found in CB group
in Fire and Ice study [3] (0.3% postprocedural pericarditis and
tamponade). Those results implied that LB-ablated atrium
might be more susceptible to cardiac tamponade than to other
kinds of complication. This may be attributed to: first, LB is
not delivered through a guidewire as is CB; second, low num-
ber of catheter manipulations with CB compared with
segment-by-segment ablation with LB; third, inexperience of
operators using LB catheter. Further larger comparative ran-
domized trials are needed to determine the influence of these
factors on periprocedure complications.

4.4 Secondary endpoints

In the present analysis, it was shown that procedure duration
was longer in LB ablation than in CB ablation while fluoros-
copy duration was similar. Balloon catheters were designed
for anatomic ablation, and therefore PVanatomy is important
for ablation strategy. As CB size is fixed, sometimes switching

balloons (between 28 and 23 mm CB) is inevitable due to
insufficient PV occlusion [23, 24].This might extend proce-
dure time. In contrast, LB is sizable and compatible with all
different sizes of PV. However, the mode of Bsegment-by-
segment^ LB ablation would offset its advantage in size-
compatibility and consume more procedure time than Bsingle
shot^CB ablation [25]. Additionally, CB ablation system con-
tains the integrated circular mapping catheter (Achieve cathe-
ter) allowing real-time recording of PV potentials, which can
be less time-consuming than LB ablation system using addi-
tional lasso catheter for PV isolation validation. Inexperience
of operators using LB could be another reason. Mean proce-
dure duration for CB ablation was 371 min in STOPAF trial
as was 124 min in FIRE AND ICE study [3, 4]. Hence, pro-
cedure duration may decrease with the accumulation of expe-
rience in using LB. Fluoroscopy time tends to be shorter as LB
system using endoscope allowing for a visual control of bal-
loon for lesion deployment while CB system requires serial
angiogram for optimal PV occlusion, but in the present anal-
ysis, no significant difference was found between two groups.
Nevertheless, a high heterogeneity was observed while no
publication bias was found and sensitivity test showed no
positive results. It may be related to the small sample size
and considerably discrepant cumulative experiences at indi-
vidual centers.

5 Limitations

The current study has a number of limitations. First of all, only
two of eight qualified trials were performed in a randomized

Fig. 4 Risk estimates of the secondary outcome of LB vs. CB ablation. LB, laser balloon, CB, cryoballoon
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design. Although randomized trials can minimize bias and are
regarded as the gold standard for quantifying effect estimates,
they may not reflect AF treatment in general clinical practice.
Second, the total sample size of the present analysis is rela-
tively small. Considering LB catheter is a new technology
used for AF ablation, it is not unexpected that studies compar-
ing LB and CB were small-scale studies. Third, subgroup
analysis was not performed due to the relatively small sample
size. Four, data on major complications such as tamponade or
stroke were limited in our analysis. Fifth, inexperience may
affect the result of the analysis as one study reported the in-
fluence of learning curve effect. Sixth, patients included were
all Caucasians from European countries limited the generaliz-
ability of our findings, reinforcing the future validation in
other ethnics is needed. Finally, as with all meta-analyses,
despite a low probability of publication bias in this meta-anal-
ysis, selection bias cannot be completely excluded, since we
merely identified articles from the English journals and pub-
lished trials. Further large-scale randomized clinical trials are
warranted to confirm or refute our findings.

6 Conclusion

LB ablation has a trend toward higher procedural efficacy
compared with CB ablation in paroxysmal AF patients.
However, longer procedure duration and a statistically non-
significant trend of more procedure-related complications
were also observed in patients ablated by LB. Further larger
comparative randomized trials are warranted to disclose the
impact of LB compared with CB for ablation of AF.
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