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ryoablation versus radiofrequency ablation for treatment of
trioventricular nodal reentrant tachycardia: Cryoablation with
-mm-tip catheters is still less effective than radiofrequency ablation
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ACKGROUND The treatment of choice for atrioventricular nodal
eentrant tachycardia (AVNRT) is catheter ablation of the atrio-
entricular nodal slow pathway.

BJECTIVE The purpose of this study was to ascertain whether
ryoablation (Cryo) with 6-mm-tip catheters is as effective as
adiofrequency ablation (RF).

ETHODS Patients who had catheter ablation for AVNRT between
005 and 2008 were identified. The main outcome measure was
verall success without the use of an alternative energy source and
o recurrence.

ESULTS Two hundred eighty-eight procedures in 272 patients
ere identified; 184 were female (68%), and the mean age was
3 � 14 (17–88) years. There were 123 Cryo and 149 RF proce-
ures. Cryo had a lower overall success rate (83% vs. 93%; P �
02). Mean procedure times were similar in both groups (90 min-
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ersus 14 (5–50) minutes (P � .04). Only one case of atrioven-
ricular block was observed in the RF group (0.7%). Cryo was more
xpensive than RF (£3141 vs. £2153).

ONCLUSION Even when delivering multiple lesions with 6-mm-
ip catheters, Cryo is less effective than RF. RF is recommended as
first-line treatment, although the only major complication oc-

urred in the RF group.

EYWORDS Radiofrequency ablation; Cryoablation; Atrioventricu-
ar nodal reentrant tachycardia (AVNRT); Recurrence; Complica-
ions

BBREVIATIONS AV � atrioventricular; AVN � atrioventricular
odal; AVNRT � atrioventricular nodal reentry tachycardia; Cryo �
ryoablation; RF � radiofrequency ablation

Heart Rhythm 2010;7:340–343) © 2010 Heart Rhythm Society. All

tes; P � .5). Fluoroscopy time was longer with Cryo: 16 (7–48) rights reserved.
ntroduction
adiofrequency ablation (RF) of the atrioventricular nodal

low pathway is the accepted treatment for atrioventricular
odal reentrant tachycardia (AVNRT), with success rates
reater than 90%.1,2 The major risk is atrioventricular nodal
AVN) block requiring permanent pacemaker implantation,
hich occurs in 0.8%–1% of cases.3,4 Cryoablation (Cryo)

s associated with similar acute success rates and may be
ssociated with a lower risk of AV block.5–7

We previously compared the efficacy of RF and Cryo in
reating AVNRT in patients presenting to our center,8 find-
ng a higher procedural failure rate (15.4% vs. 2.8%;
�.01) and higher recurrence rate (19.7% vs. 5.6%; P�.01)
ssociated with 4-mm-tip Cryo catheters. In view of the
uboptimal results of Cryo, a practice of using exclusively
-mm-tip catheters and empirically delivering at least three
esions lasting 4 minutes each was adopted. This study was

ddress reprint requests and correspondence: Dr. Aaisha Opel, Heart
hythm Service at St Bartholomew’s Hospital, Dominion House, 60 Bar-

holomew Close, St. Bartholomew’s Hospital, London, EC1A 7BE, United
ingdom. E-mail address: aaishaopel@aol.com. (Received October 9,
erformed to investigate whether such changes make Cryo
s effective as RF in the treatment of AVNRT.

ethods
atients
ll patients who underwent ablation of the AVN slow
athway at St. Bartholomew’s Hospital as treatment of
VNRT during a 3-year period between 2005 and 2008
ere identified from the prospectively collected catheter

aboratory database. Patients were excluded if they had
ndergone an ablation before the study period. All patients
ave informed consent before undergoing ablation, and an-
iarrhythmics were stopped 5 days before the procedure.

lectrophysiology procedure
ypical AVNRT was diagnosed on the basis of an electro-
hysiology study in which there was evidence of dual AVN
hysiology and induction of tachycardia with a VA time of
ess than 70 ms, earliest atrial activation at the His catheter,
nd failure to advance atrial activation by His synchronous
entricular paced beats. If tachycardia could not be induced,

soprenaline boluses of 1–3 �g were administered. The

. doi:10.1016/j.hrthm.2009.11.029
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341Opel et al Cryoablation vs. RF
enior operator in charge of the case decided whether to use
ryo or RF on the basis of his or her personal preference.

Acute procedural success was defined as the inability to
nduce AVNRT and the presence of no more than a single
trial echo beat during programmed atrial stimulation at
east 15 minutes after the final ablation lesion. If tachycardia
ould be induced or more than one atrial echo beat was
resent, further ablation was performed or an alternative
blation energy was used.

F ablation
4-mm catheter (Celsius, Biosense Webster, Diamond Bar,

A) was positioned on the usual anatomical location of the
VN slow pathway with ablation delivered on the typical slow
athway electrogram.12 RF power was limited to between 35
nd 50 W, with a temperature of 60°C. Where slow junctional
eats were noted, ablation was continued for 60 seconds.
blation was stopped if AV or VA block was seen.

ryo
6-mm Cryo catheter (Freezor Extra 3, CryoCath, Kirk-

and, Canada) was positioned on the AVN slow pathway as
escribed above. The catheter temperature was lowered to
30°C (cryomapping) for 10–20 seconds to ensure no

rolongation of AH conduction time or AVN block, then to
75°C for 4 minutes (Cryo). The catheter was moved to at

east two further positions, and at least three lesions were
elivered in total.

ollow-up
ll antiarrhythmic medications were stopped postproce-
ure, and all patients were seen in the outpatient clinic at 3
onths or earlier if they had symptoms suggesting a recur-

ence. Where an electrocardiogram or symptoms suggestive
f a recurrence were found, a repeat procedure was offered.

tudy endpoints
he main outcome measure was the overall success rate of

he procedure defined as acute procedural success using a
ingle-energy modality and freedom from recurrence. Pri-
ary failure was defined as a lack of acute procedural

uccess or the need to change to the alternative energy
odality during the case. Recurrence was defined as electro-

ardiogram documentation of AVNRT or inducible AVNRT
n repeat electrophysiological testing performed for recur-
ent symptoms. Secondary outcomes were procedure times,
uoroscopy times, and complications. Procedure data were
ollected prospectively from the electrophysiology labora-
ory database and consultant reports. Follow-up data were
btained from clinic letters or, where this was incomplete,
y contacting patients by telephone.

ost analysis
n indication of cost was calculated according to service

ine reporting. This considers the detailed cost of the pro-
edure to the individual hospital including that of medical
taff within the electrophysiology laboratory (doctors and

urses) and equipment used, ward costs including staff time F
nd bed costs, pharmacy, overheads (lighting and heating), all
igh-cost consumables including ablation catheters, and non-
edical staff (for example, managers, porters, and cleaners).
he average cost of successfully treating a patient with
VNRT in the Cryo and RF groups was calculated by

onsidering the cost of a case in each group, together with
he cost of a second catheter where one was used, the cost
f a redo case, and the cost incurred by any major compli-
ations (e.g., pacemaker implantation for heart block).

tatistical analysis
ormally distributed nominal data are expressed as mean �

tandard deviation, and a Student’s t-test was used to eval-
ate statistical significance. Nonnormally distributed data
re expressed as median (range), and a Mann-Whitney test
as used to ascertain statistical significance. Categorical
ata were compared using Fisher’s exact test. All statistical
esting was conducted with a two-tailed significance level of
05. Statistical analysis was performed using commercially
vailable software (GraphPad Prism version 4.00 for Macin-
osh, GraphPad software, San Diego, California; www.
raphpad.com).

esults
atients and procedures
total of 272 patients were identified in the study period.

he majority of patients were female (n � 184, 68%), and
he mean age was 53 � 14 (range 17–88) years. There were
23 and 149 first-time Cryo (Cryo group) and RF (RF group)
rocedures, respectively (Table 1). There were no differences
n patient characteristics between the two groups.

rimary outcome measures
he initial acute procedural success was 93% (114/123)
ith Cryo and 95% (142/149) with RF (P � .8). There was
greater recurrence of AVNRT with Cryo (12/114, 10% vs.
/142, 3%; P � .02) when compared with RF. The overall
uccess rate was lower in the Cryo group (102/123, 83%)
han in the RF group (138/149, 93%; P � .02).

The primary failure rate was not different between the
wo groups (Cryo 7% vs. RF 5%; P � .4). However, the

able 1 Summary of primary and secondary outcomes by
atheter

Cryo RF P

o. 123 149
emale:male 84:39 100:49 .9
ge 55 � 15 54 � 14 .6
revalence of structural
heart disease, %

3 3 1

ollow-up in months 3 (1–19) 2 (1–19) .5
verall success, % 83 93 .02
econd catheter use, % 6 1 .04
VNRT recurrence, % 11 3 .02
ermanent AVN damage, n 0 1 1.0
rocedure time, minutes 90 (50–210) 90 (45–220) .6

luoroscopy time, minutes 16 (7–48) 14 (5–50) .08

http://www.graphpad.com
http://www.graphpad.com
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lternative energy modality was used more with Cryo (6%
s. 1%; P � .04). The outcomes for all patients are sum-
arized in Figure 1 and in Table 1, which also includes

econdary outcome measures.

ryo
n nine (7%) cases, there was a primary failure of Cryo. In
even of these cases, an RF catheter was used, and the
rocedure was successful. Of the remaining two, one had a
edo procedure, after which symptoms resolved, and the
econd remained asymptomatic from AVNRT but returned
or an atrial tachycardia ablation.

At a median follow-up of 3 (1–19) months, 12 of the 114
atients who had initial success with Cryo (11%) had a redo
rocedure, nine using RF and three using Cryo again. Cryo
as used for one of these cases as the target for ablation was

lose to the AV node, but no reason was given for the remain-
ng two cases.

F
n seven (5%) cases, there was a primary failure of RF. A
ryo catheter was used in only two patients; in one, the

arget for ablation was close to the AV node, and, hence,
ryo was deemed safer. No reason was documented for the

econd patient. Both of these procedures were then success-
ul. Of the remaining five patients with a primary failure
reated with RF, three went on to have successful redo
rocedures. The procedure was abandoned in one case as
he target was approaching the AV node; a recurrence was
uspected but not documented, and the patient declined a
urther electrophysiology study. One patient had persistent
low pathway conduction and returned for a redo electro-
hysiology study, but no tachycardia was induced.

At a median follow-up 2 (1–19) months, four of the 142
atients who had initial success with RF had a redo proce-

igure 1 Outline of the primary outcome measures of patients under-
oing Cryo and RF. See text for details of patients who had initial failure.
ure (3%). Two of the redos were treated with Cryo because V
ne patient had had transient AV block with RF during the
ndex case, and the target for ablation in the second patient
as close to the AV node.

omplications
here was only one major complication: one patient from

he RF group developed complete AV block that required a
ermanent pacemaker (0.7% of all RF cases). A further nine
ad minor complications: one (0.8%) in the Cryo group,
even (5%) in the RF group, and one treated with RF then
ryo (11%; P � .08). These are outlined in Table 2.

edo procedures
ll patients who had a redo procedure suffered no primary

ailure, recurrence, or complications at a median follow-up
f 6 (2–9) months. For redo procedures, the median proce-
ure time was 118 (60–180) minutes, and the median flu-
roscopy time was 13 (5–64) minutes. This compares with
median procedure time of 90 (45–220) minutes for index

ases and a median fluoroscopy time of 15 (5–50) minutes.
here was no statistically significant difference in median
rocedure and fluoroscopy times between index and redo
ases (P � .1 and .9, respectively).

osts
he cost of a single Cryo case is greater than that of an RF
ase, £3141 versus £2153, predominantly owing to the in-
reased cost of the Cryo catheter. As a gross indicator, the
verage cost of successfully treating AVNRT in patients in
he Cryo group was significantly greater than in the RF
roup (£3428 vs. £2236; P�.0001).

iscussion
ain findings
he main finding of this study is that RF is associated with
reater overall success when compared with Cryo for the
reatment of AVNRT, despite modification of the ablative
echnique to increase both lesion size and number. There
as only one episode of complete heart block in all 272
rocedures (0.3%), which occurred with RF and is consis-
ent with previous published data.3,4 This is valuable in
ounseling patients before catheter ablation, who can then
ecide whether to accept a lower success rate of 83% with
ryo or a higher risk of 0.7% permanent pacing with RF.

heoretical advantages of Cryo
ryo uses liquid nitrous oxide infused into the closed cath-
ter tip to cause freezing at the desired position and is able

able 2 Minor complications by catheter

omplication Cryo (n) RF (n)

aematoma 0 3
ransient second-degree AV block 1 0
asovagal episode 0 1
ericarditis 0 1
eep vein thrombosis 1 (after RF) 1
emoral artery puncture 0 1

entricular fibrillation 0 1
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343Opel et al Cryoablation vs. RF
o produce potentially reversible lesions at higher tempera-
ures (cryomapping) before the production of a permanent
esion (Cryo).11,13 At the location of the AVN slow path-
ay, cryomapping is first performed to a temperature of
30°C before Cryo at �75°C. The frozen tissue at the

atheter tip then thaws, resulting in cell death. Cryoadher-
nce produced by ice at the tip of the catheter firmly bonds
t to endocardium, preventing catheter movement during
blation.7 AV block seen at the time of cryomapping is
ransient,14 and there are no published cases of permanent
VN damage with Cryo where a patient has required per-
anent pacing. Theoretically, these observations make
ryo a safer option when the target of ablation is close to

he AV node such as in AVNRT. Cryo may be particularly
aluable in younger patients in whom the triangle of Koch
s smaller and permanent pacing carries inherent long-term
ollow-up, generator and lead changes, and complications.
t is also, therefore, useful in those with abnormal AV node
natomy, where the risk of AV block may be higher.

urrent evidence supporting Cryo
ingle-center registries have shown Cryo to have a higher
cute failure and recurrence rate than RF.9,10 There are two
rospective randomized controlled trials comparing Cryo
nd RF for AVNRT.5,6 Kimman et al5 demonstrated high
cute procedural success (93% Cryo and 91% RF) without
ny complications but a high recurrence rate in each group
10% in the Cryo group vs. 9% for RF). The number of
ryos with a 4-mm-tip catheter applied was significantly

ower than the number of RF lesions (two vs. seven;
�.005). Zrenner et al6 showed an acute procedural success
f 97% for Cryo and 98% for RF without any complica-
ions. In the Cryo group, there were more recurrences at a
edian follow-up of 246 days (8% vs. 1%; P � .03), which

s a longer follow-up period than in our study.
In contrast, we used 6-mm Cryo catheters and cryo-

apped to �30°C for 10–20 seconds and cryoablated at
75°C for 4 minutes. Our RF catheters were also 4-mm tip,

nd RF delivery was at 60°C for 60 seconds where junc-
ional rhythm was seen, with a power of 35–50 W.

ryo is not as effective as RF
his study has shown that, despite optimizing our Cryo
ractice, there is a lower success rate than with RF. It does
how, however, a reduced recurrence rate compared with
ur previous study8 (11% vs. 20%) during a similar fol-
ow-up period. This is an important observation as there are
ituations in which Cryo may be preferred; for example, in
he younger population, the risk of permanent pacing may
e unacceptable and the greater risk of recurrence associ-
ted with Cryo may be preferable.

Cryo has a significantly higher up-front cost than RF, even

hen the cost of a major complication with RF is accounted
or. In addition, the need for a second catheter and the high
ecurrence rate with Cryo, compared with RF, contributes to
he overall increased cost in this group. However, the cost of
ermanent pacing with RF does not include the lifetime cost of
ealth care for, for example, further procedures.

imitations of study
his was a nonrandomized, retrospective, observational
tudy with the choice of RF or Cryo ablation made by the
enior operator. Although selection bias cannot be excluded,
his is a large study including all patients without exception,
nd therefore it accurately reflects usual clinical practice.

onclusion
ryo with a 6-mm-tip catheter is less effective for routine
blation of AVNRT than RF owing to a higher recurrence rate.
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