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cute and long-term efficacy and safety of catheter
ryoablation of the cavotricuspid isthmus for treatment
f type 1 atrial flutter
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ACKGROUND Atrial flutter (AFL) is commonly treated by radio-
requency catheter ablation. Catheter-based cryoablation may be
n effective alternative with potential advantages.

BJECTIVE The purpose of this study was to study the acute and
ong-term safety and efficacy of catheter-based cryoablation for
reatment of cavotricuspid isthmus–dependent (typical and reverse
ypical) AFL.

ETHODS Catheter-based cryoablation was performed with a 10Fr
atheter in 160 patients with cavotricuspid isthmus–dependent
FL (122 men and 38 women; mean age 63.1 � 9.3 years, mean

eft ventricular ejection fraction 54.6% � 10.4%); 94 (58.8%) of
hese patients also had atrial fibrillation (AF). All patients under-
ent right atrial (RA) activation mapping and pacing at the
avotricuspid isthmus to demonstrate concealed entrainment and
onfirm cavotricuspid isthmus dependence of AFL. Catheter-based
ryoablation of the cavotricuspid isthmus was performed with
ultiple freezes (average freeze time 2.3 � 0.5 minutes) until
idirectional block was demonstrated during pacing from the low
ateral RA and coronary sinus, respectively. Patients were evalu-
ted at 1, 3, and 6 months and underwent weekly and symptomatic
vent monitoring. Acute procedural success was defined as
avotricuspid isthmus block persisting 30 minutes after ablation.
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ESULTS Acute success was achieved in 140 (87.5%) of 160
atients. Total procedure time was 200 � 71 minutes, ablation
ime (including a 30-minute waiting period after ablation) was
39 � 62 minutes, and fluoroscopy time was 35 � 26 minutes. An
verage of 20.5 � 11.3 freezes, for a total ablation time of 47.4 �
4.3 minutes, were required to achieve cavotricuspid isthmus
lock, with average and nadir temperatures of �81.5°C � 3.7°C
nd �85.6° � 3.6°C, respectively. Four patients (2.5%) had
rocedure-related adverse events. Of 132 patients with acute ef-
cacy who completed 6-month follow-up, 8 (6%) were lost to
ollow-up or were noncompliant with event recordings. Using
urvival analysis, 106 (80.3%) remained free of AFL on strict
nalysis of event recordings only, and 119 (90.2%) remained
linically free of AFL.

ONCLUSION This large pivotal study demonstrated the acute
nd long-term efficacy and safety of catheter-based cryoabla-
ion for cavotricuspid isthmus–dependent AFL, similar to rates
reviously reported for radiofrequency catheter ablation.

EYWORDS Atrial flutter; Cryoablation; Cavotricuspid isthmus

Heart Rhythm 2008;5:1009–1014) © 2008 Heart Rhythm Society.

ong-term success was defined as absence of AFL during follow-up. All rights reserved.
ntroduction
he incidence of cavotricuspid isthmus–dependent atrial
utter (AFL) has been estimated at more than 200,000 in the
nited States, with a prevalence of 800,000.1,2 Radiofre-
uency (RF) catheter ablation is safe and effective treatment
f AFL, with cure rates greater than 95%.3,4 In studies using
arge-tip RF ablation catheters, acute efficacy ranged from

This study was sponsored by CryoCor, Inc., San Diego, CA. Dr. Feld
s a consultant and member of the Scientific Advisory Board for CryoCor,
nc. For a list of the Cryoablation Atrial Flutter Efficacy (CAFÉ) Trial
nvestigators, see the Appendix. Address reprint requests and corre-
pondence: Dr. Gregory K. Feld, Department of Medicine, Division of
ardiology, UCSD School of Medicine, 200 West Arbor Drive, San Diego,
alifornia 92103. E-mail address: gfeld@ucsd.edu. (Received January 26,
8% to 93%, long-term 6-month efficacy from 87% to 97%,
nd complications from 2.7% to 3.6%.3,4 RF catheter abla-
ion of AFL has been shown to improve quality of life and
o reduce recurrence of atrial fibrillation (AF) and frequency
f hospitalization compared with medical therapy.5

Catheter cryoablation has been used to treat supraven-
ricular arrhythmias, with comparable efficacy and poten-
ially fewer complications compared with RF catheter ab-
ation.6–11 Unlike RF catheter ablation, catheter-based
ryoablation does not cause coagulum formation or endo-
ardial charring.6–11 It does not cause pain, potentially
educing the amount of sedation required during abla-
ion.7–10 However, the efficacy of catheter-based cryoabla-
ion for treatment of AFL has not been systematically eval-

ated in a large clinical trial. In this report, the acute and

. doi:10.1016/j.hrthm.2008.03.019
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-month follow-up results in a total of 160 patients treated
ith catheter-based cryoablation are presented.

ethods
his prospective, multicenter study was designed to evalu-
te the safety and efficacy of the CryoCor catheter-based
ryoablation system (CryoCor, Inc., San Diego, CA.),
hich has been previously described in detail.6,7,10–12 In
rief, the system consists of a 10Fr, 6.5-mm metal-tip cath-
ter and cryogenerator that produces a nadir temperature of
90°C. The primary end-points of this study were demon-
tration of acute safety and efficacy, defined by adverse
vent rates and success in achieving bidirectional cavotri-
uspid isthmus block. The secondary end-point was dem-
nstration of long-term efficacy defined as the recurrence
ate of AFL during 6-month follow-up. Patients were fol-
owed after ablation using clinical parameters and symp-
omatic and random weekly event monitoring to detect
ecurrences of AFL.

tudy inclusion criteria and exclusion criteria
atients were included in the study if they had symptomatic
avotricuspid isthmus–dependent AFL, were between the
ges of 18 and 75 years, had at least one episode of symp-
omatic AFL documented on ECG in the last 6 months, and
ad cavotricuspid isthmus–dependent AFL documented in
he electrophysiology laboratory just prior to ablation. Pa-
ients were excluded if they had undergone cardiac surgery
ithin 6 months of screening, had New York Heart Asso-

iation class III or IV congestive heart failure and/or ejec-
ion fraction �30%, right-sided prosthetic heart valves,
yocardial infarction within 3 months of screening, unsta-

le angina or myocardial ischemia, corrected or uncorrected
trial septal defect, congenital heart disease that increased
he risk of cryoablation, prior ablation for AFL, ablation
ther than for AFL within 3 months of screening, AF re-
uiring treatment with an antiarrhythmic drug other than
lass IC or III, ventricular arrhythmia requiring medical
reatment that would confound interpretation of study re-
ults, or other medical contraindications.

reprocedure assessments
nformed consent from was obtained from all patients. Pre-
rocedure information recorded for each patient consisted
f demographic data, medical history including treatment of
rrhythmias, ECG documentation of symptomatic AFL, and
eft ventricular ejection fraction within the past 6 months, all
ardioactive medications administered within the past 30
ays, routine laboratory tests within 72 hours of the proce-
ure, and, if applicable, international normalized ratio and
uman chorionic gonadotropin. Warfarin was discontinued
rior to ablation so that the international normalized ratio
as �2.0 at the time of the procedure.

rocedure description
rior to catheter-based cryoablation, documentation of

avotricuspid isthmus dependence of AFL was required, r
sing standard electrode or three-dimensional activation
apping techniques. If cavotricuspid isthmus–dependent
FL could not be confirmed, the patient was considered a

econdary screen failure and was not allowed to proceed
ith catheter-based cryoablation. If cavotricuspid isthmus–
ependent AFL was documented, catheter-based cryoabla-
ion of the cavotricuspid isthmus was performed with
reezes lasting from 2 to 5 minutes each. Ablation could be
erformed during sinus rhythm or AFL, but documentation
f bidirectional cavotricuspid isthmus conduction block was
equired using established techniques at least 30 minutes
fter the last ablation. If cavotricuspid isthmus conduction
ecovered during this period, further catheter-based cryoa-
lation was allowed, followed again by a 30-minute waiting
eriod before confirmation of cavotricuspid isthmus block.
se of isoproterenol during assessment of cavotricuspid

sthmus block was optional.
A catheter-based cryoablation freeze was considered ef-

ective if catheter position was stable at the targeted loca-
ion, a nadir temperature near �90°C was reached during
blation, and the freeze duration was at least 2 minutes. If
idirectional cavotricuspid isthmus block could not be
chieved with catheter-based cryoablation, the cavotricus-
id isthmus could be ablated with an approved RF catheter
blation device. At this point, the patient was considered a
atheter-based cryoablation failure and was discharged from
he study.

Intraprocedure parameters collected for each patient in-
luded number, temperature, duration, and location of all
ryoablations, total fluoroscopy and procedure times (de-
ned as time from femoral cannulation to removal of all
atheters), conduction time and/or activation sequence
cross the cavotricuspid isthmus prior to and immediately
ollowing ablation, pacing entrainment methods used to
efine cavotricuspid isthmus–dependent AFL, time of ini-
ial bidirectional cavotricuspid isthmus block, persistence of
idirectional cavotricuspid isthmus block for a minimum of
0 minutes after ablation, and all adverse events.

ollow-up procedure
ollowing catheter-based cryoablation, subjects were man-
ged according to institutional procedures. After discharge,
atients with acute success were evaluated at 1 and 3
onths by ECG and assessment of cardioactive medications

nd adverse events. At 6 months, a telephone interview was
onducted for assessment of adverse events and any ar-
hythmic events. During follow-up, event recordings up to 1
inute in length were obtained weekly and during any

ymptomatic events thought to be due to arrhythmia. A
atient was deemed compliant with event monitoring if at
east three recordings per month for at least 5 of the 6
ollow-up months, or a total of at least 20 weekly record-
ngs, were available for review.

Patients with clinical evidence of symptomatic recurrent
FL were encouraged to undergo repeat ablation. Treat-
ent of recurrent AFL with catheter-based cryoablation
equired ECG documentation and demonstration of cavotri-
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1011Feld et al Cryoablation of Atrial Flutter
uspid isthmus–dependent AFL during repeat electrophysi-
logic study. Any patient who was re-treated with catheter-
ased cryoablation for AFL was followed for another 6
onths. However, if re-treatment was performed with RF

atheter ablation, the patient was followed only through the
months remaining after the last catheter-based cryoabla-

ion procedure.
A Data Safety Monitoring Board (DSMB) consisting of

hree independent electrophysiologists met 12 times during
he study and provided final adjudication of all serious
dverse events. A serious adverse event was defined as any
vent resulting in death, life-threatening complications, per-
istent or significant disability/incapacity requiring inpatient
ospitalization or prolonged hospitalization, or requiring
ntervention to prevent permanent impairment of a body
unction or damage to a body structure. The committee was
mpowered to recommend corrective actions, including
tudy discontinuation.

A core ECG laboratory (Dr. Melvin Scheinman and
olleagues at University of California, San Francisco, CA,
SA) analyzed all event monitor recordings for the pres-

nce of arrhythmias. These recordings were analyzed se-
uentially after completion of the study for all patients who
ompleted the entire 6-month follow-up. The core labora-
ory was not blinded to patient identifiers but had no clinical
nformation on any patients in the study.

rimary and secondary efficacy and safety
nd-points
he primary end-points were acute safety and efficacy.
cute efficacy was defined as bidirectional cavotricuspid

sthmus block a minimum of 30 minutes after the last
atheter-based cryoablation. The primary safety outcome
as a measurement of all serious adverse events that oc-

urred within 7 days of catheter-based cryoablation. The
tudy sample size was determined based on the primary
afety end-point; a minimum of 160 patients was required to
emonstrate an incidence of serious adverse events �7%
ith a power of 80% and a type 1 error rate of 0.05. All
rimary analyses were performed using the intention-to-
reat method, which included all patients in whom the
ryoablation catheter was introduced into the body.

The secondary end-point was chronic efficacy, freedom
rom recurrent AFL for 6 months, in patients who achieved
he primary efficacy end-point of bidirectional cavotricuspid
sthmus block. Chronic efficacy was defined using two
ethods of analysis. The first method used a strict assess-
ent of freedom from recurrent AFL during follow-up,

etermined solely by event monitor recordings analyzed by
he core ECG laboratory. The second method of analysis
erformed by the sponsor after completion of the study
nvolved both assessment of event monitor recordings ana-
yzed by the core ECG laboratory and clinical evidence of
ong-term efficacy as determined by each investigator. Be-
ause this protocol allowed inclusion of patients with AF,

ecurrence of AF was not considered a study failure. E
tatistical analysis
nce a dataset was compiled, descriptive statistics were
erformed for demographic summarization. These statistics
ere in the form of either mean � 1 SD or, in the case of

ount data, a percent derived from binomial proportions.
ikewise, estimates provided for safety end-points were
alculated, using the binomial proportion, as was an exact
5% confidence interval. For the acute effectiveness end-
oint, a percent derived from a binomial proportion along
ith the associated 95% exact confidence interval was cal-

ulated.
For long-term efficacy, Kaplan-Meier analysis was used

o estimate the proportion of patients who remained free
rom AFL recurrence at 6 months. An associated conserva-
ive Peto 95% lower confidence bound was calculated as
ell.
Early censoring occurred in survival analysis estimates

henever a subject was found not to be in compliance with
vent recording requirements or was otherwise lost to fol-
ow-up. In such cases, censoring occurred at the last date of
vent recording compliance or at last known clinic visit,
hichever came first. Subjects without recurrence of AFL
uring 6-month follow-up were censored at either the date
f their final event recording or their final clinic visit. No
mputation or substitution was performed for missing data.

esults
ne hundred sixty patients were enrolled in the study and

reated (Table 1). Patients had a mean age of 63.1 � 9.3 years
nd mean left ventricular ejection fraction of 54.6% � 10.4%;
22 (76.3%) were male. One hundred four (65%) patients had
oncomitant arrhythmias, including 94 (58.75%) with AF. The
ajority had typical AFL (78.75%), most of the remainder had

everse typical AFL (13.8%) or both types of AFL (5.6%), and
small percentage was unreported (1.9%). At the time of

blation, 57 (35.6%) patients were taking antiarrhythmic drugs.
Of the 160 patients treated, 140 (87.50%) achieved acute

uccess with bidirectional cavotricuspid isthmus conduction

able 1 Clinical characteristics of patients at the time of
blation (N � 160)

No. (%)

ale/female 122/38 (77% male)
ge (mean � SD) 63.03 � 9.25 years
jection fraction (%) 54.6 � 10.4%
ntiarrhythmic drugs 57 (35.6%)
trial fibrillation history 94 (59%)
ardiomyopathy 16 (10%)
ongestive heart failure 27 (17%)
iabetes 27 (17%)
yperlipidemia 84 (53%)
schemic heart disease 30 (19%)
besity 44 (28%)
revious myocardial infarction 26 (17%)
ystemic hypertension 98 (62%)
obacco abuse 18 (12%)

jection fraction �40 25 (16%)
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lock. In patients with acute success, the mean total number of
reezes was 20.5 � 11.3, mean number of effective freezes
defined as those in whom there was adequate tissue contact,
emperature, and duration) 18.6 � 9.3, average total freeze
uration 47 � 24 minutes, average freeze time per ablation
.33 � 0.50 minutes, average temperature �81.5°C � 3.7°C,
ean nadir temperature �85.6°C � 3.6°C, average total flu-

roscopy time 45 � 1.5 minutes, and average total procedure
ime 200 � 71 minutes.

Of the 140 patients with acute success, eight were ex-
luded from analysis of chronic efficacy because of non-
ompliance with event recording. Of the remaining 132
atients eligible for analysis at 6-month follow-up, 106
80.3%) were considered chronic successes and free of AFL
n event monitoring as determined by the core ECG labo-
atory (Figure 1). Of the 26 (20%) patients with at least one
vent characterized as AFL by the core laboratory during
he follow-up period, 5 (13.5%) were reablated with cathe-
er-based cryoablation, 5 (13.5%) were reablated using RF
atheter ablation, one underwent electrical cardioversion,
nd two were treated with amiodarone. The remaining 13
atients were not reablated but were followed by the inves-
igators without changing or, in some cases, discontinuing
ntiarrhythmic therapy and were considered clinical suc-
esses without further recurrence of AFL, resulting in long-
erm clinical efficacy in 119 (90.2%) patients (Figure 2).
mong the 13 patients who were not reablated (the majority
f whom the core ECG laboratory diagnosed recurrent AFL
n only a single event recording), 10 were reported by the
nvestigator to have experienced nonsustained AF or atrial
achycardia and not AFL, one had a fortuitous overlap of a
iphasic T wave and P wave suggesting AFL, and two had
nly a single apparent episode of AFL without further
ecurrence during follow-up.

igure 1 Kaplan-Meier curve showing days to recurrence of atrial
utter by event monitor evidence of atrial flutter recurrence (see Methods
or description of analysis). Patients were censored if they were lost to
ollow-up or were noncompliant with event monitoring. Solid line repre-
ents survival function, dashed line represents 95% confidence interval,
snd hash marks represent points of censor.
Of the 160 patients treated, 94 (58.8%) had a history of
F prior to enrollment. Of the 132 patients who had acutely

uccessful ablation and were eligible for analysis at 6-month
ollow-up, 58 (44%) exhibited AF during follow-up, 48
36.4%) of whom were controlled with antiarrhythmic
rugs. Among the patients with AF, antiarrhythmic drug
herapy was changed during follow-up for 15: antiarrhyth-
ic drugs were stopped in 12 and were started for parox-

smal AF in 3 (one patient with AF who was lost to
ollow-up is not included in these data).

Of the 160 patients treated, 9 (5.6%) had serious adverse
vents (one per patient) that occurred within 7 days posta-
lation. Serious adverse events included AF (1), groin he-
atoma (1), cardiac tamponade (1), dizziness (1), acute

espiratory failure (1), AFL (1), sick sinus syndrome (2),
nd complete AV block (1). The DSMB characterized only
(2.50%) serious adverse events as device and/or procedure

elated, specifically groin hematoma (1), cardiac tamponade
days postablation (1), acute respiratory failure (1), and

omplete AV block requiring pacemaker implantation (1).
he single instance of AV block resulted from extensive
edial (septal) cavotricuspid isthmus ablation and was per-
anent. All other adverse events, except for the AV block,

esolved by the end of the study.

iscussion
hort-term safety and efficacy of cryoablation
f AFL
his large 160-patient study confirmed the acute safety and
fficacy of catheter-based cryoablation for treatment of
avotricuspid isthmus–dependent AFL. Acute success, de-
ned as bidirectional cavotricuspid isthmus block, was
chieved in 87.5% of patients. This is similar to published

igure 2 Kaplan-Meier curve showing days to recurrence of atrial
utter by clinical analysis evidence of atrial flutter recurrence (see Methods
or description of analysis). Patients were censored if they were lost to
ollow-up or were noncompliant with event monitoring. Solid line repre-
ents survival function, dashed line represents 95% confidence interval,
nd hash marks represent points of censor.
tudies using large-tip RF ablation catheters with high-
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1013Feld et al Cryoablation of Atrial Flutter
ower generators, with reported results ranging from 88% to
3%.3,4 Only 4 (2.5%) patients in this study suffered serious
dverse events that were ascribed to the procedure or inves-
igational device, also comparable to the rate described in
ublished studies of RF ablation.3,4

ong-term efficacy of cryoablation of AFL
y strict event monitoring, long-term efficacy of catheter-
ased cryoablation in preventing AFL recurrence was
1.6%. This analysis, by defining any apparent episode of
FL during follow-up as a failure of catheter-based cryoabla-

ion, may have been excessively strict compared to previous
tudies with respect to the clinical relevance of documented
rrhythmic events. By considering clinical evidence of AFL
ecurrence in addition to event recordings of AFL recurrence,
he long-term efficacy was 90.5%. This is similar to results
rom previously published studies of RF catheter ablation
sing clinical evidence of AFL recurrence, with efficacy
anging from 87% to 97%.3,4 Thus, determination of long-
erm success by event recordings alone may have identified
pisodes of AFL that recurred only once during follow-up
nd did not lead to a change in therapy, or it may have
dentified arrhythmic episodes as apparent AFL that were
onsidered by the investigator to represent AF, atrial tachy-
ardia, or another phenomenon mimicking AFL.

ntiarrhythmic drug use
eduction of antiarrhythmic drug use was observed during

ollow-up. Twenty-five percent of patients taking antiar-
hythmic drugs for suppression of AF actually stopping the
rugs because they were no longer required. This is consis-
ent with previous observations suggesting that ablation of
he cavotricuspid isthmus for type 1 AFL reduces recur-
ence of AF in some patients.13

otential safety advantages of catheter-based
ryoablation compared with RF catheter ablation
atheter-based cryoablation may have specific advantages
ver RF catheter ablation, including greater safety14 as a
esult of catheter stability during ablation due to adherence
o myocardial tissue, reduced risk of systemic embolization,
ower risk of thrombus formation and endothelial disrup-
ion,6–10 and lower risk of myocardial perforation due to
reservation of tissue architecture.9 In addition, catheter-
ased cryoablation may produce less pain, as shown in
mall randomized clinical studies in which catheter-based
ryoablation was associated with less perceived pain during
blation of the cavotricuspid isthmus for AFL compared
ith RF catheter ablation.8,10–11 Nonetheless, two major

erious adverse events that occurred during this study, spe-
ifically, complete AV block and pericardial effusion with
amponade, were determined by the DSMB to be related to
he ablation procedure or the investigational device. In the
ase of AV block, the operator performed extensive ablation
ear the septal side of the cavotricuspid isthmus, which is
nown to increase the risk of AV block with RF catheter

blation as well. No other cases of even transient AV block
ere noted in this study, suggesting that this serious adverse
vent likely was due to extensive ablation at an inappropri-
te location, and that AV block can occur even with cath-
ter-based cryoablation if care is not taken to avoid the
eptal area. In the case of late pericardial effusion and
amponade, this is a known complication of RF catheter
blation and could be related to some aspect of the ablation
rocedure, such as right ventricular puncture, and not to the
nvestigational catheter-based cryoablation device. None-
heless, care should be taken during catheter positioning
ith this device, especially in view of its larger 10Fr size.

tudy limitations
potential limitation of this study is the lack of random-

zation between catheter-based cryoablation and RF catheter
blation. A randomized comparative study would have di-
ectly compared the safety and efficacy of catheter-based
ryoablation with RF catheter ablation. Nevertheless, it is
nlikely that such a comparison would have yielded statis-
ically significant differences, as published studies using
arge-tip ablation catheters and high-power RF generators
how generally similar safety and efficacy. Although the
ollow-up duration in this study was similar to that in
ublished studies of large-tip RF catheter ablation catheters
or ablation of AFL,3,4 it is known that AFL may recur after

months and consequently might be missed by this study
esign, thereby reducing overall success rates.

onclusion
atheter cryoablation of AFL in this study was highly
ffective in short-term and in long-term follow-up over 6
onths. The occurrence of serious adverse events appears

imilar to that observed with RF catheter ablation. Catheter-
ased cryoablation may have specific safety advantages
ver RF catheter ablation and may be associated with less
erceived pain during ablation.
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ack Kron, MD Oregon Health & Science University,
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ohn Miller, MD Indiana University, Krannert
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eter Zimetbaum, MD Beth Israel-Deaconess Medical
Center, Boston, MA
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