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Abstract
Paroxysmal atrial fibrillation can be eliminated with continuous circular linear lesions around the pulmonary veins using 
radiofrequency ablation. Due to the technical complexity of this procedure balloon-based devices have been developed to 
simplify pulmonary vein isolation. Cryoballoon ablation provides excellent safety and is technically less demanding when 
compared to radiofrequency catheter ablation in selected patients. In this review, advantages as well as drawbacks of this 
emerging technology in relation to standard catheter ablation are discussed.  

Introduction

Atrial fibrillation (AF) is the most common cardiac 
arrhythmia causing considerable and increasing 
morbidity and mortality burdens on the popula-
tion. Identification of electrical triggers from the 
pulmonary veins (PV) inducing paroxysmal AF led 
to potentially curative treatment strategies by radio-
frequency (RF) ablation [1]. Since this condition has 
become amenable to ablative therapy there is a con-
stant rise in the number of catheter ablations for AF 
performed worldwide [2]. As our understanding of 
the complex pathophysiology of this arrhythmia in-
creases, the advantages of circular linear lesions to 
completely isolate the PVs from the left atrium (LA) 
have become obvious [3,4]. Inclusion of the LA-PV 
junction into the isolated regions serves the double 
purpose of eliminating arrhythmogenic substrate as 
well as adding a safety margin to the lesions, de-
creasing the incidence of postablation PV stenosis, 
currently reported at 2-7 % [5]. However, to create 
these long ablation lines with point-to-point lesions 
using catheters originally designed  for focal or com-
paratively short linear ablations, such as at the ca-
votricuspid isthmus, is technically demanding and 
time consuming. Thus, considerable effort is put 
into the development of balloon-based techniques 
for PV isolation using a variety of energy sources to 
simplify PV isolation and add safety by decreasing 
the incidence of PV stenosis. In this review, we will 

summarize to what extent the aforementioned 
goals are met with current-design balloons. As 
clinical experience is most extensive with the use of 
cryoenergy, focus will be on cryoballoon ablation. 

Cryothermal Lesions

Tissue injury by freezing occurs due to direct 
cellular damage as well as microcirculatory 
failure shortly after tissue thawing. The prime 
mechanism of cell death is formation of intracel-
lular ice crystals at rapid freezing rates of about 
100˚C/min., which occurs only close to the cryo-
catheter, highlighting the need for good tissue 
contact. Delayed cellular death occurs for sev-
eral days after freezing by apoptosis [6]. Dura-
tion of freezing affects tissue damage particu-
larly at some distance to the cryothermal source 
where growing of ice crystals is slower. Repeated 
freeze-thaw cycles have been shown to increase 
tissue destruction in experimental studies [7]. 
Lesions created by cryothermal energy differ in 
several respects from those created by convention-
al radiofrequency (RF) ablation. Cryolesions show 
intact endothelial lining [8] and hence are associ-
ated with less thrombus formation as compared 
to RF lesions [9]. Consequently, the likelihood of 
thromboembolic events is less with cryothermal tis-
sue injury [10]. While RF lesions show progressive 
contraction, cryolesions are associated with mini-
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mal collagen formation and tissue shrinkage [11]. 
This is a clear advantage in the face of PV steno-
sis as a major complication reported after RF ab-
lation [5]. Accordingly, no PV stenosis has been 
observed in experimental animal and human 
clinical studies when using cryothermal energy.

Cryoballoon:The Technique

The cryoballoon catheter (Arctic Front©, Cryo-
Cath Technologies, Montreal, Canada) consists 
of a double-walled balloon, where the refriger-
ant N2O is delivered into the inner lumen, un-
dergoing a liquid-to-gas phase change resulting 
in rapid cooling down to approximately -80°C 
(Figure 1). Two balloon sizes are available: 23 and 
28 mm diameters. The bidirectionally deflectable 
catheter is equipped with central lumina for the 

insertion of a guide wire and injection of contrast 
medium. After placement of the guide wire into 
a PV, the catheter is advanced over this wire near 
the PV ostium where the balloon is inflated. Once 
in position, a PV angiogram is performed via the 
distal end of the balloon to ensure circumferential 
tissue contact. The catheter is used in conjunction 
with a deflectable 12-French transseptal sheath (Fl-
exCath©, CryoCath Technologies, Montreal, Can-
ada), which contributes to the operators ability to 
position the balloon within the left atrium. Given 
the principals of cryogenic tissue injury, a freez-
ing time of 5 minutes is considered sufficient [12]. 
Based on experimental data, repeated freezing 
may augment lesion quality. If this translates into 
clinical benefit is currently under investigation.

 
Figure 1. The Arctic Front© Cryoballoon Catheter with the FlexCath© steerable 12F sheath. To the right, the Cryoconsole© 
main apparatus is shown (Pictures provided by CryoCath Technologies, Montreal, Canada).
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Cryoballoon Versus RF Ablation: Ad-
vantages

Performing circular linear lesions to isolate ipsi-
lateral pairs of PV ostia from the LA by RF point-
to-point ablation constitutes one of the most com-
plex cardiac catheterization procedures, requiring 
considerable operator experience. On the other 
hand, balloon-based catheter ablation systems 
have the potential to isolate the PV with a single 
application (Figure 2). Learning curves exhibit 
rapid improvement [12]. The entire procedure can 
be monitored by fluoroscopy, obviating the need 
for additional electro-anatomical mapping or im-
aging by CT or NMR. Thus, use of balloon based 
systems may potentially simplify PV isolation in 
most patients. Concerning cryoballoon ablation, 
however, several technical aspects have to be not-
ed. To achieve continuous lesions, an occlusive 
balloon position at target PV sites as confirmed by 
PV angiography is necessary to limit convective 
heating by leaking blood flow [8] (Figure 3). This 
can be challenging in individual anatomies espe-
cially at the right inferior PV, such that additional 

RF “touch-up” lesions may be necessary to isolate 
the vein. However, in our experience the vast ma-
jority of veins can be acutely isolated with only the 
big (28 mm) balloon if special ablation techniques 
are used [13]. This strategy (“single big balloon 
technique”) also adds safety to the procedure be-
cause a high balloon-to-ostium diameter ratio re-
stricts the level of isolation to the LA-PV junction.
Conventional RF ablation of AF is associated with 
significant risk. In a worldwide survey represent-
ing more than 7000 patients major complications 
were reported at 6%, including a 1.6% risk for PV 
stenosis, as well as a 0.9% risk for cerebrovascular 
events [2]. Given the favorable properties of cryo-
thermal lesions the latter complications should be 
decreased using cryoballoon ablation. Indeed, no 
evidence of PV stenosis or cerebral ischemia has 
thus far been reported with this technique [12,14]. 
Although these data need to be confirmed in larger 
trials, initial clinical experience indicates a very low 
risk using cryoballoon ablation in selected patients. 

  	 	  	 	 	
Figure 2. Right superior PV (RSPV) recordings before (A) and after (B) cryoballoon ablation. PV isolation is demonstrated 
by the lack of a PV spike (asterisk) after cryothermal energy deployment.
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Cryoballoon Versus RF Ablation:
Disadvantages

Phrenic nerve (PN) injury (Figure 4), however, 
occurred with increased frequency in cryobal-
loon-based as compared to conventional abla-
tion of AF, though it seems to be reversible in 
the majority of cases [12]. This complication may 
happen regardless of the energy source used 
[12,15-17] as a consequence of the close anatomic 
relationship between the course of the right PN 
and the right superior PV [18]. PN injury can be 
avoided by mapping of the right PN with high-
output pacing in the superior caval vein before 
and continuous pacing during ablation of right-
sided PVs (Figure 3). In case of loss of PN capture 
cryoablation is immediately stopped. Further-
more, as the likelihood of PN damage increases 
with more distal balloon positions beyond the 
PV ostium caution should be observed in choos-
ing the adequate balloon dimension or select-
ing patients eligible for balloon PV isolation. 
Thus, in patients with right-sided PV diameters 
of ≥26 mm a conventional strategy should be 
considered [13]. In the future, a larger (>28mm) 

cryoballoon diameter may become available to 
avoid distal balloon ablation at large septal PVs.
Another anatomical obstacle to balloon 
PV isolation is a long common left-sided 
trunk reported in 7% of patients in one se-
ries [19]. Again, this would lead to ablation 
in the vein rather than at the LA-PV junction. 
Reports on chronic success after cryoballoon PV 
isolation vary due to different follow-up methods 
[12,20]. In our cohort, we observed a 52% success 
rate free of AF after a mean follow up of 312+/-190 
days without a blanking period [13]. In contrast, 
circumferential PV isolation using RF energy in 
patients with paroxysmal AF is associated with 
the maintenance of sinus rhythm in 76% after the 
first procedure [3]. Thus, recurrence rates seem 
to be higher with cryoballoon PV isolation com-
pared to the conventional approach. If this dif-
ference is related to cryoenergy or balloon-based 
techniques per se, or due to different follow-up 
methods such as exclusion of a blanking period 
is currently not known. In those patients of our 
cohort in whom drug-refractory symptomatic 
recurrence led to a repeat procedure, reconduc-
tion of at least one PV was noted and subsequent-
ly eliminated using conventional RF catheters.

	 	 	  

Figure 3. The cryoballoon in occlusive position at the right superior PV ostium as confirmed by PV angiography (RAO view). 
A octapolar catheter is in position to perform phrenic nerve pacing in the superior caval vein (asterisk).	 	 	
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Conclusion

Cryoballoon-based PV isolation in conjunction 
with the “single big balloon” technique provides 
excellent safety and is technically less demand-
ing when compared to RF catheter ablation in 
selected patients. Thus, the device constitutes a 
valuable augmentation of the electrophysiolo-
gists armamentarium to treat paroxysmal AF. 
Chronic lesion assessment after cryoballoon PV 
isolation needs to be addressed in future studies.  
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