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Abstract

Purpose Catheter cryoablation (CRYO) may eliminate inad-
vertent atrioventricular block (AVB) in the treatment of atrio-
ventricular nodal reentrant tachycardia (AVNRT). However,
higher recurrence was observed with CRYO delivered by
4 mm or 6 mm-tip catheter. This study was performed to
investigate whether a comparably low treatment failure and
recurrence rate as in radiofrequency (RF) ablation is achievable
by CRYO with an 8-mm-tip catheter.

Methods This is a retrospective case—control study including
40 patients with AVNRT treated with CRYO (n=20) using an
8 mm-tip catheter or RF ablation (n=20) from March 2009 to
March 2011. Treatment failure was defined as the composite
of acute procedural failure including inadvertent permanent
AVB and documented recurrence.

Results Acute procedural success of 90% (18/20) and 95%
(19/20) were achieved in CRYO and RF ablation group,
respectively (p=0.998), with no permanent AVB in either
group. With Kaplan—Meier analysis, there was no signifi-
cant difference between the treatment groups in terms of
recurrence rate (5.6% [1/18] vs. 0%; log-rank test p=0.304)
and treatment failure (15% [3/20] vs. 5% [1/20]; log-rank
test p=0.301). Shorter fluoroscopy time (15+8.6 vs. 25.2+
12.1 min; p=0.005) and more energy applications (median 4
[2-15] vs. 2 [1-8]; p=0.005) were observed in the CRYO
group compared with RF ablation group.

Conclusions Compared to RF ablation, CRYO with an 8-
mm-tip catheter for treating AVNRT achieves a comparable
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acute procedural success, comparably low recurrence rate
and composite endpoint of treatment failure. Shorter fluo-
roscopy time and more energy applications were observed
in the CRYO group.
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1 Introduction

Catheter ablation using radiofrequency (RF) is a well-
established treatment for atrioventricular nodal re-entrant
tachycardia (AVNRT) [1-3]. Although RF has been shown
to be safe and effective in the treatment of AVNRT, there is a
small, yet genuine risk of atrioventricular block (AVB)
varying from 0.4% to 3% during or after the procedure [1,
2, 4]. Catheter cryoablation (CRYO) has been tested in
treating AVNRT in previous studies and no AVB has oc-
curred [4—7]. Other advantages in using CRYO over RF
ablation in the treatment of AVNRT include less fluoroscop-
ic exposure, less patient pain perception and reduced oper-
ator stress [4, 7, 8]. Although the acute procedural success
achieved by CRYO was comparable to RF ablation, the
recurrence rate has been shown to be consistently higher
in the CRYO group in which either a 4 mm or 6 mm-tip
cryocatheter was used [4, 5, 7]. Different strategies namely,
large catheter size, longer duration of cryo-application, dou-
ble freezing cycles, and linear lesion cryoablation have been
proposed to reduce the recurrence rate [9, 10]. Use of an
8 mm-tip cryocatheter in the treatment of AVNRT was
attempted in two small studies in adult and paediatric
patients respectively with satisfactory results in terms of
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safety, acute procedural success, and recurrence [11, 12].
However, the performance of CRYO using this large size
cryocatheter compared with RF ablation has not been
studied.

2 Methods

This is a retrospective case—control study. The study protocol
conforms to the ethical guidelines of the 1975 Declaration of
Helsinki and has been approved by the Ethics Committee of
the investigation center. Twenty consecutive patients with the
diagnosis of AVNRT confirmed at cardiac electrophysiology
study (EPS) and treated with CRYO with an §8-mm-tip cry-
ocatheter (Freezor Max, Medtronic, Minneapolis, MN, USA)
at the investigation center from March 2009 to March 2011
were included in the study. These patients were compared
with another 20 consecutive patients who underwent RF
catheter ablation for AVNRT within the same period. In-
formed consent was obtained from each patient before the
procedure. Patients with age younger than 18 or older than 80,
who had congenital heart disease or other structural heart
diseases or who underwent catheter ablation for recurrent
AVNRT were excluded. The selection of energy source for
ablation was influenced both by the preference of the operator
and the informed decision of the patient.

2.1 Cardiac electrophysiology study

After obtaining informed consent, patients underwent EPS in
the fasting state. Antiarrhythmic drugs were discontinued for
at least five half-life periods before study. A standard EPS was
performed with four catheters positioned to the right atrium,
His bundle, coronary sinus, and right ventricular apex, respec-
tively. Incremental atrial and ventricular pacing and extrasti-
mulus testing from the right atrium and right ventricle were
performed. If sustained tachycardia could not be induced,
isoprenalin could be infused to facilitate tachycardia induc-
tion. Dual AV nodal physiology was identified by a sudden
AH or HA jump of at least 50 ms in response to programmed
atrial or ventricular extrastimulation. AVNRT was diagnosed
on the basis of standard criteria [13].

2.2 Radiofrequency catheter ablation

For both RF ablation and CRYO, a combination of the
electrogram and anatomical approaches was used to identify
appropriate target sites for ablation of slow pathway [14].
RF ablation was performed with the use of a 4-mm-tip
catheter (Conductr, Medtronic, Minneapolis, MN, USA or
Livewire, St Jude Medical, Minneapolis, MN, USA). At the
target site, RF current was delivered through a generator
with a preset temperature of 65°C and power limit of up to
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40 W. If no junctional ectopic occurred within the first 20 s
of RF current delivery, the energy application would be
stopped. If one or more junctional ectopic occurred, energy
application would be delivered for 60 s. To enhance safety,
continuous fluoroscopy was encouraged to monitor catheter
position during RF delivery. RF current delivery would be
stopped immediately if ventriculoatrial block during junc-
tional ectopic or PR interval prolongation with conducted
sinus beats occurred. Programmed stimulation would be
performed at baseline and during isoprenalin infusion after
each RF application. If AVNRT or more than one AV nodal
echo beat was inducible, the ablation catheter would be
repositioned and RF energy applied at a new target site.
EPS would be repeated 30 min at baseline and during
isoprenalin infusion after last RF application to check for
the effectiveness of ablation.

2.3 Catheter cryoablation

Catheter CRYO of the slow pathway was performed with
the CRYO system (Universal console, Medtronic, Minneap-
olis, MN, USA). A 9 Fr 8-mm-tip CRYO catheter (Freezor
Max, Medtronic, Minneapolis, MN, USA) was used. In
contrast with the 4-mm or 6-mm-tip ablation catheter, the
function of “cryomapping” by lowering the catheter tip
temperature to —30°C is not available with the 8-mm-tip
catheter. After positioning of the catheter at a target site,
CRYO would be started by lowering the catheter tip tem-
perature to —75 to —80°C. Each cycle of CRYO would last
for 4 min. CRYO would be stopped immediately once AH
prolongation or higher degree of AVB was observed. Test-
ing of effectiveness of the ablation by programmed electri-
cal stimulation would be performed if AH prolongation or
higher degree of AVB did not occur after the first minute of
ablation. If AVNRT or more than one AV nodal echo beat
was still inducible, CRYO was stopped and ablation at a
new target site was attempted. Continuous fluoroscopy was
discouraged after the achievement of —=70°C at the catheter
tip because of the phenomenon of cryoadhesion.
Programmed electrical stimulation was performed after the
first successful CRYO to test the effectiveness of ablation. If
AVNRT was noninducible or there was only one AV nodal
echo beat inducible, a “security freeze” at the same or
nearby site for 4 min was performed. If AVNRT or more
than one AV nodal echo beat was inducible, CRYO at
another site would be attempted. EPS would be repeated
30 min at baseline and during isoprenalin infusion after last
CRYO to check for the effectiveness of ablation.

2.4 Follow-up

The patients were discharged the day after procedure with
no antiarrhythmic drugs. Follow-up visits were arranged at
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1, 3, and 9 months, and at the discretion of the attending
cardiologists, the patients would then be followed up yearly
or only when they experienced recurrence of symptoms.
Patients would undergo assessment of symptoms, resting
ECG during follow-up. Twenty-four-hour Holter monitoring
or event recording would be performed in case of symptom
recurrence. Patients who defaulted clinic follow-up would
be contacted by telephone for recurrence of symptoms and
appropriate investigations would be arranged accordingly.

2.5 Study endpoints

The primary endpoint in this study was treatment failure
denoted by a composite of acute procedural failure (includ-
ing permanent first-degree, second-degree, or third-degree
AVB) and documented recurrence of AVNRT. Secondary
endpoints included documented recurrence of AVNRT, pro-
cedure duration, fluoroscopy time, and number of energy
applications. Any non-stop energy application of more than
2 min for CRYO and 30 s for RF was counted as one energy
application.

2.6 Statistical analysis

Descriptive statistics are presented for all data. For normally
distributed data, they are expressed as mean and standard
deviation and comparison is performed by Student's ¢ test.
For non-normally distributed data, they are expressed as me-
dian with maximum and minimum values stated, and the
Mann—Whitney U test is used to assess statistical significance.
For categorical data, absolute and relative frequencies are
determined, and the exact 95% confidence interval is calcu-
lated. Fisher exact test or Chi-square test is performed to
assess statistical significance. For statistical assessment of
acute procedural failure and recurrence rate, the log-rank test
and Kaplan—Meier survival analysis were performed. P value
of less than 0.05 for the above statistical tests will be considered
statistically significant.

3 Results
3.1 Patient characteristics

Twenty patients undergoing CRYO for AVNRT with an 8-
mm-tip catheter were compared with 20 patients undergoing
RF ablation for the same arrhythmia within the same period
(Table 1). The baseline characteristics including age, sex,
and comorbid cardiovascular diseases were comparable be-
tween the groups. Patients in the RF ablation group had
significantly longer follow-up than patients in the CRYO
group (Table 2).
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Table 1 Baseline characteristics
Cryoablation  Radiofrequency P value
ablation
(n=20) (n=20)
Age 49.4+12.8 44.6+15.3 0.288
Sex (M/F) 5/15 7/13 0.490
Comorbid conditions 3 4 0.677
Hypertension 2 4 0.376
Diabetes mellitus 1 2 0.548
Dyslipidaemia 1 2 0.548
Old cerebrovascular 1 0 0.311

accident

3.2 Procedural characteristics

Three (15%) patients in the CRYO group and 1 (5%) patient
in the RF group had inducible atypical AVNRT (p=0.990).
Acute procedural success rate of 90% and 95% was
achieved by CRYO with 8-mm-tip catheter and RF ablation,
respectively, with no significant statistical difference
(»=0.998). There were two procedural failures in the CRYO
group. One of them was a 55-year-old man with typical
AVNRT and no comorbid cardiovascular conditions. Cryo-
applications were delivered from posterior to anterior parts
of the triangle of Koch (TOK) without effect. He subse-
quently received RF ablation at the middle part of the TOK
with power up to 50 W to achieve procedural success. The
other patient was a 36-year-old woman who had typical
AVNRT and no comorbid cardiovascular disease. Again,
cryo-applications were delivered from posterior to anterior
parts of the TOK without effect. Successful RF ablation was
performed with energy application at the anterior part of the
TOK. One patient who had failed RF ablation was a 23-
year-old woman with typical AVNRT and no comorbid

Table 2 Procedural characteristics and follow-up outcomes

Cryoablation  Radiofrequency P value
ablation

(n=20) (n=20)
Typical/atypical AVNRT 17/3 19/1 0.990
Acute procedural success 18/20 (90%)  19/20 (95%) 0.998
Permanent AVB 0 0
Procedure time (min) 135.8438.9  116.3+28.7 0.080
Fluoroscopy time (min) 15.0+8.6 25.2+12.1 0.005
No. of energy applications 4 (2-15) 2 (1-8) 0.005
Follow-up duration (months) 8.4 (6.3-19.5) 10.4 (6-27.3) 0.038
Composite endpoint 3/20 (15%) 1/20 (5%) 0.301
(Procedural failure + recurrence)
Recurrence 1/18 (5.6%) 0 0.304
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cardiovascular disease. RF ablation was attempted at the
posterior and middle part of the TOK. Ablation was not
performed to more anterior sites because of risk of inadvertent
AVB. Cryo-application at the middle part of the TOK resulted
in procedural success (Table 2).

There was no incidence of permanent AVB in either the
CRYO group or RF group. There were three patients who
had transient AVB during CRYO. One of them developed
transient PR interval prolongation and another patient had
two to one AVB. Both patients had subsidence of AVB
within 45 s. The third patient developed transient atrioven-
tricular dissociation during cryo-application at the posterior
part of TOK and the AVB subsided within 20 min. Notably,
all transient AVB occurred within the first minute of CRYO.

There was no significant difference in the procedure time
between CRYO and RF group (135.8+38.9 vs. 116.3+
28.7 min; p=0.08). Fluoroscopy time in the CRYO group
is significantly shorter than that of RF group (15.0£8.6 vs.
25.2+12.1 min; p=0.005). The median number of energy
applications is significantly higher in the CRYO group than
RF group (4 vs. 2; p=0.005).

3.3 Follow-up

The median follow-up duration in the RF group is significantly
longer than that of the CRYO group (8.4 vs. 10.4 months;
p=0.038). One out of 18 patients (5.6%) who had acute
procedural success had documented AVNRT recurrence in
the CRYO group. No patient in the RF group experienced
recurrence of arrhythmia. No statistical significance was ob-
served between the groups (log-rank test, p=0.304).

In terms of the primary composite endpoint which includes
acute procedural failure and documented recurrence of
AVNRT, there is no significant difference between the CRYO
and RF groups (15% vs. 5%; log-rank test, p=0.301) with
Kaplan—Meier analysis (Fig. 1).

4 Discussion
4.1 Cryoablation with an 8-mm-tip catheter

The higher recurrence rate consistently demonstrated in the
treatment of AVNRT by CRYO compared with RF ablation
may be due to the biophysical properties of cryolesion [15,
16]. The ablation lesion created by CRYO using 4-mm-tip
catheter has been shown to be smaller than that created by RF
[15, 16]. On the other hand, the size of the cryolesion is further
limited by the phenomenon of cryoadhesion which prevents
catheter movement on cardiac tissues during cardiac and
respiratory cycles [17]. This is in contrast with RF ablation
lesion which tends to cover a larger surface area with catheter
movement. Moreover, RF has the characteristic of late lesion
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Fig. 1 Kaplan—Meier curve of the primary composite endpoint (acute
procedural failure + recurrence). Continuous line for radiofrequency
ablation group. Dashed line for cryoablation group

maturation which manifests as late lesion progression by
fibrosis and vascular damage [18, 19]. On the contrary, with
rewarming in the border zone, cryolesion tend to contract over
time [20].

Increasing the lesion size of CRYO is a potential strategy to
reduce recurrence rate after AVNRT treatment [21]. The size
of the cryolesion is dependent on local blood flow, electrode
orientation, electrode contact pressure, and electrode size [22].
By increasing the electrode size from 4 to 6 and to 8§ mm, a
progressive increase in lesion volume was observed with
similar lesion depth [23]. The use of a 6-mm-tip cryocatheter
in the treatment of AVNRT, however, still resulted in signifi-
cantly higher recurrence rate compared with RF ablation [4,
71]. This observation leads to the subsequent attempt in the use
of an 8-mm-tip cryocatheter in AVNRT ablation. Under favor-
able catheter orientation, contact pressure, and local blood
flow, lesion created by an 8-mm-tip cryocatheter may be even
larger than the lesion created by a 3.5-mm-tip saline-irrigated
RF catheter [24]. Silver et al. [12] has shown that AVNRT
ablation by using 8-mm-tip cryocatheter was safe and effec-
tive with a low recurrence rate. Whether CRYO using an 8-
mm-tip catheter to create a larger lesion in the TOK reduces
the recurrence rate comparable with RF ablation, and at the
same time preserves the “AVB-free” property, is the focus of
the current study.

4.2 Recurrence

The recurrence rate after AVNRT treatment by CRYO varies
from 7-20% with the use of a 4-mm-tip cryocatheter [5, 24,
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25]. Despite the use of a 6-mm-tip cryocatheter, the recur-
rence rate is still significantly higher than RF ablation and is
around 9% in a retrospective case—control study [7] subse-
quently confirmed by a recently published large randomized
controlled trial [4]. In the current study, 20 patients under-
went CRYO with an 8-mm-tip catheter for the treatment of
AVNRT, an acute procedural success of 90% was achieved
and 1 (5.6%) patient had documented recurrence with a
median follow-up of 8.4 months. Comparing with the data
reported by Silver et al. [12], the acute procedural success of
91% was similar, while the recurrence rate of 2.8% was
slightly better. In either study, the recurrence rate seems to
be lower than that observed in studies in which 6-mm-tip
cryocatheter was used. In our study, another 20 patients
undergoing RF ablation for AVNRT in the same period were
compared with the CRYO cohort. In the RF ablation group,
the acute procedural success was 95% and no patient had
recurrence of AVNRT with median follow-up of 10.4 months.
There was no significant difference in the recurrence rate
between the CRYO and RF groups (log-rank test, p=0.304).
The shorter median follow-up in the CRYO group compared
to RF group (8.4 vs. 10.4; p=0.038) may under-estimate the
recurrence rate in the former. Non-inferiority in recurrence
rate between CRYO with an 8-mm-tip catheter and RF abla-
tion has to be confirmed by larger scale randomized control
study.

4.3 Atrioventricular block

Since there is only 0.4-3% risk of inadvertent AVB in RF
ablation for AVNRT[1-2.4], a randomized controlled study of
large sample size is required to confirm the advantage of
CRYO in this aspect. In a recent review, pooled data from
nine studies comparing CRYO with RF ablation for AVNRT,
6 out of 917 patients (0.65%) suffered from inadvertent per-
manent AVB during RF ablation [26]. Although there was a
4-23% of transient inadvertent AVB in the CRYO group, no
patients developed permanent AVB. The potential of an 8-
mm-tip cryocatheter to produce a larger lesion leading to
lower recurrence rate is desirable. However, whether the merit
of “AVB-free” property is preserved without the function of
“cryomapping” by lowering the catheter tip temperature
to —30°C is still unknown. In the study performed by Silver
et al. [12], 5 out of 77 (6.5%) patients undergoing AVNRT
CRYO with an 8-mm-tip catheter developed transient AVB,
while no patients had inadvertent permanent AVB. It has been
shown in an animal study that there was a safety window of at
least 10 s after development of AVB created by an 8-mm-tip
cryocatheter, meaning that by stopping CRYO within 10 s of
detection of AVB, permanency of this complication can be
prevented [27]. In our study, development of AVB during
CRYO was monitored throughout the whole ablation cycle
especially during the first minute of application. CRY O would

be immediately stopped once AVB was observed. Transient
AVB was observed in three patients and all developed this
complication within the first minute of cryo-application. AVB
subsided within 45 s in two patients and within 20 min in one
patient. Our findings are in consistency with the animal study
[27] and the approach of stopping CRYO with an 8-mm-tip
catheter prevents the development of permanent AVB even
without the function of “cryomapping”. The potential ability
of CRYO to eliminate the small but genuine risk of inadver-
tent AVB associated with RF ablation for AVNRT makes this
technology especially appealing for young patients. The safety
of this approach has to be tested further in future studies with
larger sample size.

4.4 Primary composite endpoint

Treatment failure of catheter ablation for AVNRT can be
measured by the primary composite endpoint of acute pro-
cedural failure including permanent inadvertent AVB and
recurrence. CRYO with a 4- or 6-mm-tip catheter has been
consistently shown to be inferior to RF ablation in terms of
this primary composite endpoint or treatment failure in
randomized control studies [4, 5]. The acute procedural
success was similar in both groups. However, the gain in
AVB is negated by the increase in recurrence rate. In the
current study, no significant difference was present in the
primary composite endpoint between the CRYO and RF
ablation groups (15% vs. 5%; p=0.301). Again, the small
sample size in our study makes our data speculative rather
than confirmatory. With a larger sample size, significant
difference in the primary composite endpoint favoring RF
ablation group may be observed.

4.5 Procedural characteristics

Whether there is a difference in procedure time or fluoros-
copy time between CRYO and RF ablation for AVNRT is
not agreeable among the published studies. In some studies,
the procedure time was longer in the CRYO group [4, 5]. In
other studies, the procedure time was similar between dif-
ferent treatment groups [6, 7]. Fluoroscopy time was shown
to be shorter in CRYO group in some studies [7, 8] but
similar between the treatment groups in others [4—6]. In the
current study, between CRYO group and RF ablation group,
the procedure time (135.8+38.9 vs. 116.3+28.7 min;
p=0.08) was similar and the fluoroscopy time was signifi-
cantly shorter in the former (15.0£8.6 vs. 25.2+12.1;
p=0.005). Longer procedure time in CRYO group in some
studies may be related to learning curve of new technique.
In our study, CRYO were performed by a single operator
who had significant experience with CRYO in treating
AVNRT and other arrhythmias like atrioventricular reentrant
tachycardia, atrial flutter, and atrial fibrillation. This may
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explain the comparable procedural time in the CRYO and
RF ablation group. The fluoroscopy time is significantly
shorter in the CRYO group than in RF group. The reduction
of fluoroscopy time in the CRYO group in this study may be
related to the phenomenon of cryoadhesion which facilitated
minimization of fluoroscopy screening during CRYO. In
contrast, continuous fluoroscopy was required during RF
ablation. The median number of energy applications was 2
(1-8) in the RF group and 4 (2—15) in the CRYO group, and
the difference is statistically significant (p=0.005). The
number of energy applications in our study is similar to
what was reported from the study of Deisenhofer et al. [4]
in which a 6-mm-tip cryocatheter was used. The failure to
reduce the number of energy applications in our study
despite the use of a larger tip cryocatheter may reflect the
less accurate mapping with the use of an 8-mm-tip catheter.
On the other hand, we recorded less RF applications in our
study compared with Deisenhofer's (2 vs. 4). In our study,
one energy application is defined as any non-stop energy
application of more than 2 min for CRYO and 30 s for RF.
Exact definition for counting the number of energy applica-
tion was not found in the previous studies. The discrepancy
of results may be due to a difference in the relevant
methodology.

5 Limitations

This is a retrospective case—control study with known lim-
itations. The sample size of the study is small, and true
difference between CRYO and RF ablation group may not
be detected. The median follow-up duration is significantly
shorter in the CRYO group and the recurrence rate in that group
may be under-estimated. However, the absolute difference in
follow-up was only 2 months, and all patients have completed
the 6-month follow-up.

6 Conclusions

In this small retrospective case—control study, treatment of
AVNRT by CRYO with an 8-mm-tip catheter was compared
with RF ablation. No statistically significant difference was
found in the acute procedural success, recurrence rate, and
treatment failure (acute procedural failure including perma-
nent AVB plus recurrence) between the two treatment
groups. Permanent AVB was not observed in either group.
Shorter fluoroscopy time and more energy applications were
observed in the CRYO group. Future large randomized
control study is warranted to confirm the non-inferiority of
CRYO with 8-mm-tip catheter in treatment failure compared
with RF ablation in treating patients with AVNRT. CRYO
with 8-mm-tip catheter may become a more attractive
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treatment option than RF ablation in AVNRT especially for
young patients with its potential of eliminating small but
genuine risk of inadvertent AVB associated with RF abla-
tion and comparable treatment failure.
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