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Purpose of review

The purpose of the review is to provide an update on the
safety and efficacy of catheter cryoablation.
Recent findings

Catheter cryoablation is a safe and clinically effective
method for ablation of atrioventricular nodal reentrant
supraventricular tachycardia. Although the acute
procedural success rate of catheter cryoablation for this
arrhythmia may be slightly lower than that reported for
radiofrequency ablation, it has an excellent safety profile,
with no reported instances of inadvertent atrioventricular
block requiring implantation of a permanent pacemaker.
Using this technology, one can perform reversible
cryomapping, which helps to identify suitable ablation
targets while identifying sites where cryoablation should
be avoided. For patients with midseptal and parahissian
accessory pathways, in whom the risk of producing
inadvertent atrioventricular block is substantial, catheter
cryoablation is a safe and effective alternative to
radiofrequency ablation. Catheter cryoablation of common
atrial flutter causes much less patient discomfort than
radiofrequency ablation, with excellent acute and
long-term efficacy. Catheter cryoablation also can be used
to isolate the pulmonary veins during ablation of atrial
fibrillation. As compared with radiofrequency ablation, the
risk of acute thromboembolic complications and of
pulmonary vein stenosis appears to be lower with
cryoablation.
Summary

For many cardiac arrhythmias, catheter cryoablation is a
safe and effective alternative to radiofrequency ablation.
The ability to identify suitable ablation targets by reversible
cryomapping is a particularly useful feature of this
technology. Although the acute procedural success rate of
cryoablation may not equal that of radiofrequency ablation
in all circumstances, as catheter technology evolves it is
likely that the efficacy of cryoablation will improve and the
list of arrhythmias that can be treated with this method will
expand.
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Introduction
Radiofrequency (RF) catheter ablation is a safe, highly

effective treatment for a wide array of cardiac arrhyth-

mias and has become the standard against which all other

ablation technologies are judged. Nonetheless, RF abla-

tion does have important limitations that have spurred

the search for alternative methods. RF energy causes

disruption of the endothelium and of the underlying tis-

sue architecture, which predisposes to thrombus forma-

tion and thromboembolism [1]. Excessive heating during

RF application can lead to a sudden, unexpected imped-

ance rise resulting in barotrauma and cardiac perforation.

When RF energy is applied in or near pulmonary veins,

dense fibrosis and contraction of the scar can lead to

pulmonary vein stenosis [2]. Application of RF energy at

some sites, such as the cavotricuspid isthmus, is quite

painful. Finally, successful and safe ablation using RF

energy requires accurate localization of the correct site of

origin of the arrhythmia using conventional mapping

techniques and anatomic landmarks. If the ablation tar-

get is near the compact atrioventricular (AV) node or His

bundle, inaccurate localization of the target can lead to

inadvertent AV block, necessitating the implantation of a

permanent pacemaker [3].

Catheter cryoablation is a promising new technology that

avoids some of the limitations inherent to RF ablation.

Epicardial or endocardial application of cryoenergy using

hand-held probes has long been used as an ablation

method during cardiac surgery, yielding lesions that are

transmural, sharply demarcated, noninflammatory, and

minimally thrombogenic [4]. Now there are several com-

mercially available percutaneous cryoablation catheters

that enable one to deliver cryoenergy to the tip or the

distal shaft of the catheter, thereby avoiding the need for

cardiac surgery [5,6]. These devices all rely on the Joule-

Thompson effect, whereby a refrigerant at high pressure,

for example, liquid N2O, flows down the central lumen
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of an injection tube and then evaporates at the tip of the

catheter into the outer shaft at lower pressure, causing

cooling of the catheter tip. The tip temperature can be

precisely controlled by altering the rate of flow of refrig-

erant. Catheter tip temperatures of −30°C or slightly

higher cause reversible suppression of local electrical ac-

tivity useful for cryomapping, whereas tip temperatures

of −60°C or less result in irreversible damage of the tar-

get tissue, the desired effect during cryoablation [7,8].

Cryomapping
Suppression of local cardiac electrical activity by cooling

a site briefly to approximately −30°C can be used to

predict whether cryoablation at that site will be effective

at eliminating the ablation target. This type of cryomap-

ping can be termed efficacy cryomapping. An example of

efficacy cryomapping during catheter ablation of supra-

ventricular tachycardia (SVT) due to AV nodal reentry

(AVNRT) is illustrated in Figures 1 through 4. In this

example, a patient with marked first-degree AV block

(Fig. 1) and AVNRT was referred for ablation. Tachy-

cardia was inducible only during infusion of isoproter-

enol (Fig. 2). Cryomapping at the target site caused tem-

porary anterograde block in the slow pathway, rendering

SVT noninducible (Fig. 3). As predicted by cryomap-

ping, cryoablation at the same site permanently abol-

ished SVT (Fig. 4). Similarly, efficacy cryomapping can

be used to identify successful cryoablation sites during

ablation of accessory pathways or ectopic foci

[9•,10,11••]. Another type of mapping, termed safety

cryomapping, can actually be performed either in cry-

omapping or cryoablation mode. With this approach, the

effects of cryoapplication at a given site are closely moni-

tored for the appearance of unintended consequences,

such as the production of AV block (Fig. 5). When un-

desirable effects occur during cryomapping or cryoabla-

tion, the tissue is allowed to rewarm and the catheter is

then moved to another mapping site. The utility of this

approach is based on the observation that effects seen

during cryomapping are typically reversible, as long as

catheter tip temperatures are maintained at or above

−30°C and the time of application is limited to less than

80 seconds. In a recent multicenter study, the electro-

physiologic effects of cryomapping performed in this

manner were completely reversible within seconds more

than 80% of the time [12••]. Similarly, adverse effects

that occur during cryoablation are also usually reversible

if cryoapplication is halted promptly (Fig. 6). In contrast,

the effects of RF are rarely reversible, which is why

application of RF cannot be used as a catheter mapping

technique.

Cryoablation of

supraventricular tachycardia
Catheter cryoablation has been used successfully to treat

patients with SVT caused by AVNRT, AV reentrant

SVT caused by the presence of an accessory pathway

(AVRT), atrial tachycardia, and to ablate the AV node in

patients with atrial fibrillation and uncontrolled ventricu-

lar rates [6,8,11••,12••]. The most extensive experience

has been in patients with AVNRT. In a recent large,

multicenter prospective trial, the acute procedural suc-

cess rate in this group was 93% in patients who had at

least one qualifying cryoablation, with a very low rate of

SVT recurrence for those patients in whom acute proce-

dural success was achieved [12••]. Although this acute

Figure 1. Surface electrocardiogram leads II and V1 along with bipolar electrograms from the high right atrium (HRA),

coronary sinus (CS), distal His bundle recording site (HISd), ablation catheter (ABL), and RV apex during sinus rhythm in a

patient with marked first-degree atrioventricular (AV) block referred for ablation of AV nodal reentry.
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procedural success rate is somewhat lower than has been

reported for RF ablation, it is worthwhile to remember

that catheter cryoablation is still an emerging technology

and that the handling characteristics of the presently

available catheters are somewhat different than those of

standard RF ablation catheters. As experience grows, it is

likely that the acute procedural success rate of catheter

cryoablation for AVNRT will approach if not equal that

customarily seen with RF ablation. One point that has

become clear is that, largely because of the ease and

rapid reversibility of cryomapping, catheter cryoablation

of AVNRT is an exceptionally safe procedure. World-

wide experience in AVNRT has now exceeded several

thousand patients without a single instance of inadver-

tent AV block necessitating the implantation of a perma-

nent pacemaker having been reported.

Catheter cryoablation of accessory pathways, although

successful in some patients, has been associated with a

lower acute procedural success rate than cryoablation of

AVNRT and a much lower acute procedural success rate

than one would expect from RF ablation. In the multi-

center “Frosty” trial, acute procedural success in patients

who had accessory pathways and who had at least one

qualifying cryoablation was only 77%, although the risk

of recurrent SVT was gratifyingly low in patients who

Figure 2. Programmed atrial stimulation during infusion of isoproterenol. During atrial pacing (S1), a single atrial

premature stimulus (S2) induces sustained atrioventricular nodal reentry. H, His bundle deflections.

Figure 3. Same patient as Figures 1 and 2, during cryomapping at the site of the slow atrioventricular (AV) nodal pathway.

The atrial premature stimulus now blocks anterogradely in the slow pathway, preventing initiation of atrioventricular nodal

reentry. An example of efficacy cryomapping. Note that the first-degree AV block of the first sinus beat after S2 has not

worsened compared with the first-degree AV block present before cryomapping shown in Figure 1.
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had an acutely successful procedure [12••]. The expla-

nation for the relatively low acute procedural success rate

in patients with accessory pathways is not known, but

may relate to the fact that cryoablation lesions affect a

smaller volume of tissue than lesions made with an RF

catheter of comparable tip size [13]. Because cryoabla-

tion lesions are more focused, they may need to be de-

livered extremely close to a small discrete target such as

an accessory pathway to achieve success, whereas RF

lesions may be effective even when delivered at some

distance from the pathway.

Although catheter cryoablation may not be the ablation

method of choice for accessory pathways in many loca-

tions, it is an effective and very safe alternative to RF

ablation for septal accessory pathways located near the

compact AV or His bundle. Three recent studies re-

ported a total of 45 patients who had midseptal or para-

hissian accessory pathways and who underwent catheter

cryoablation [9•,11••,14••]. Eighteen of these patients

had failed a prior RF ablation attempt, either because of

recurrent SVT after an apparently successful procedure

or because the RF ablation procedure was halted before

Figure 4. After cryoablation at map site 1 shown in Figure 3 and rewarming, programmed atrial stimulation now

fails to induce atrioventricular nodal reentry because the atrial premature beat blocks anterogradely in the slow

pathway.

Figure 5. Same organization of tracings as Figure 1, but in a different patient with atrioventricular nodal reentry,

during cryoablation at the presumed site of the slow pathway. This site was too close to the compact

atrioventricular (AV) node, and AV nodal block appeared during ablation.
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successful ablation as a result of threat to the normal

conduction system during RF application. Cryoablation

sites were chosen based on block in the accessory path-

way during cryomapping without evidence of impaired

AV nodal conduction, even though a His potential was

frequently recorded at such sites. Cryoablation was

acutely successful in 43 of 45 or 96% of these patients

[9•,11••,14••]. SVT recurred in seven individuals, or

16% of the patients who had an acutely successful cryo-

ablation procedure. Six of these patients underwent a

second successful cryoablation [9•,11••,14••]. None of

the 45 patients had permanent damage to the AV node or

His bundle and none required implantation of a perma-

nent pacemaker. Transient prolongation of the A-H in-

terval or transient AV block observed during cryomap-

ping or cryoablation always resolved quickly after

interruption of the cryoapplication.

Permanent junctional reciprocating tachycardia, an or-

thodromic AV reentrant SVT in which a decrementally

conducting concealed accessory pathway typically func-

tions as the retrograde limb of the circuit, is another

arrhythmia for which catheter cryoablation has been

shown to be an effective and safe alternative to RF ab-

lation [15••]. The accessory pathways in patients with

permanent junctional reciprocating tachycardia often are

located in the midseptal or posteroseptal regions, some-

times within the coronary sinus or middle cardiac vein.

These last two locations are not ideal for RF ablation,

because of proximity to the right or circumflex coronary

arteries, which can be damaged by RF application, and

because reduction of blood flow around the ablation

catheter, particularly in the middle cardiac vein, in-

creases impedance and limits RF delivery. Cryoablation

may be a better alternative in such circumstances; the

risk of coronary artery damage appears to be lower and

reduction of blood flow around the catheter actually aug-

ments rather than hinders cryoablation.

Cryoablation of atrial flutter and

atrial fibrillation
In patients with cavotricuspid isthmus–dependent right

atrial flutter, RF catheter ablation has become the treat-

ment of choice, offering a greater chance of freedom

from recurrent arrhythmia and a better quality of life as

compared with antiarrhythmic drug therapy [16]. How-

ever, RF application in the cavotricuspid isthmus fre-

quently causes severe pain and, rarely, can damage the

right or circumflex coronary artery, which courses be-

neath the isthmus in the AV groove [17,18]. Catheter

cryoablation of the cavotricuspid isthmus is an alterna-

tive to RF ablation [6]. When the two methods were

applied in a randomized fashion in a small group of pa-

tients, bidirectional isthmus block was achieved in 100%

of patients with cryoablation and 97% of patients with

RF ablation, a difference that was not statistically sig-

nificant [19•]. Acute complications were not seen with

either approach. Procedure duration and fluoroscopy

times were also similar in the two groups, but patients

undergoing cryoablation had a much lower perception of

pain during the procedure as compared with RF ablation

[19•]. During long-term follow-up, the recurrence rate of

atrial flutter after an acutely successful cryoablation pro-

cedure was approximately 10% [20•]. This also compares

favorably to the reported recurrence rate after successful

RF ablation [16]. The safety and efficacy of catheter

Figure 6. Same patient as shown in Figure 5. Atrioventricular nodal conduction resumes 11 seconds after

stopping cryoablation, an example of safety cryomapping during cryoablation.
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cryoablation of non-isthmus-dependent right or left atrial

flutters or incisional atrial tachycardia have not yet been

studied.

Catheter cryoablation can also be used to isolate the pul-

monary veins during ablation of atrial fibrillation, and

may help to avoid some of the complications seen after

RF ablation in these patients, such as the development

of pulmonary vein stenosis [21•]. Two approaches have

been reported in clinical studies. One method is to use a

cryoablation catheter that freezes only at its tip. Using

such a catheter along with a circumferential mapping

catheter deployed within the target vein, one creates

point-by-point cryolesions aimed at the venoatrial con-

nections until complete isolation of the vein has been

achieved. This method achieves complete pulmonary

vein isolation in a high proportion of patients [22••].

However, the method is laborious and is characterized by

long fluoroscopy time and procedure duration [22••]. An

alternative approach has been to use a deflectable circu-

lar-tipped self-expanding cryoablation catheter that

freezes along a 64-mm distal segment of the shaft. The

catheter is deployed in the target vein, expanded to en-

sure close apposition of the freezing segment with the

vein wall, and then cryoablation is performed. A circum-

ferential mapping catheter also deployed in the vein is

used to determine when isolation has been achieved.

Isolation of the vein using such a catheter can frequently

be achieved with only a single cryoapplication [23•]. Ac-

cordingly, procedure duration and fluoroscopy times ap-

pear to be shorter using this approach [23•]. Clinical

trials are presently under way to characterize better the

safety and efficacy of pulmonary vein isolation using

catheter cryoablation. However, it is noteworthy that

thromboembolic complications and pulmonary vein ste-

nosis have not been reported in any of the patients who

have undergone this procedure thus far [22••,23•].

Conclusion
Cryoablation has come a long way in the past several

decades since it was first applied to arrhythmia manage-

ment during cardiac surgery. As cryoablation catheter

technology evolves, it is likely we will see an ever-

increasing array of devices with various tip sizes and con-

figurations, capable of making lesions that are deeper,

larger, and of different shapes. These changes in catheter

design are likely to translate into greater safety and ef-

ficacy, as well as an expanded list of cryoablation targets.

At present, most catheter cryoablation procedures have

been directed at supraventricular arrhythmias, but it is

likely that this approach will also have merit for ventricu-

lar arrhythmias. Idiopathic ventricular tachycardia (VT)

arising from the right ventricular outflow tract, for ex-

ample, can be effectively treated by RF ablation, but not

without risk of barotrauma and perforation which, in rare

cases, has proven fatal. Cryoablation may prove to be a

safer alternative. Similarly, some idiopathic ventricular

tachycardias arise from the coronary cusps, where RF

application can damage nearby coronary arteries. This is

another circumstance in which cryoablation may have an

advantage. Cryomapping of scar-related ventricular

tachycardia could be used to complement our present

reliance on activation sequence and entrainment map-

ping when trying to localize ventricular tachycardia cir-

cuits. Cryoablation of arrhythmias arising from the epi-

cardial surfaces of the atria or ventricles is another

potentially fruitful avenue of exploration. Because the

pericardial space is confined and devoid of circulating

blood, cryoablation should be particularly effective in

this environment. Indeed, epicardial cryoablation probes

that can be placed percutaneously or with minimally in-

vasive surgical techniques are presently being developed

[24]. As recent studies clearly demonstrate, catheter

cryoablation has become an important arrow in the in-

terventional electrophysiologist’s ablation quiver.
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