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BACKGROUND Atrial flutter (AFL) is commonly treated by radio-
frequency catheter ablation. Catheter-based cryoablation may be
an effective alternative with potential advantages.

OBJECTIVE The purpose of this study was to study the acute and
long-term safety and efficacy of catheter-based cryoablation for
treatment of cavotricuspid isthmus-dependent (typical and reverse
typical) AFL.

METHODS Catheter-based cryoablation was performed with a 10Fr
catheter in 160 patients with cavotricuspid isthmus-dependent
AFL (122 men and 38 women; mean age 63.1 = 9.3 years, mean
left ventricular ejection fraction 54.6% = 10.4%); 94 (58.8%) of
these patients also had atrial fibrillation (AF). All patients under-
went right atrial (RA) activation mapping and pacing at the
cavotricuspid isthmus to demonstrate concealed entrainment and
confirm cavotricuspid isthmus dependence of AFL. Catheter-based
cryoablation of the cavotricuspid isthmus was performed with
multiple freezes (average freeze time 2.3 * 0.5 minutes) until
bidirectional block was demonstrated during pacing from the low
lateral RA and coronary sinus, respectively. Patients were evalu-
ated at 1, 3, and 6 months and underwent weekly and symptomatic
event monitoring. Acute procedural success was defined as
cavotricuspid isthmus block persisting 30 minutes after ablation.
Long-term success was defined as absence of AFL during follow-up.

RESULTS Acute success was achieved in 140 (87.5%) of 160
patients. Total procedure time was 200 = 71 minutes, ablation
time (including a 30-minute waiting period after ablation) was
139 *+ 62 minutes, and fluoroscopy time was 35 = 26 minutes. An
average of 20.5 * 11.3 freezes, for a total ablation time of 47.4 =
24.3 minutes, were required to achieve cavotricuspid isthmus
block, with average and nadir temperatures of —81.5°C *+ 3.7°C
and —85.6° * 3.6°C, respectively. Four patients (2.5%) had
procedure-related adverse events. Of 132 patients with acute ef-
ficacy who completed 6-month follow-up, 8 (6%) were lost to
follow-up or were noncompliant with event recordings. Using
survival analysis, 106 (80.3%) remained free of AFL on strict
analysis of event recordings only, and 119 (90.2%) remained
clinically free of AFL.

CONCLUSION This large pivotal study demonstrated the acute
and long-term efficacy and safety of catheter-based cryoabla-
tion for cavotricuspid isthmus-dependent AFL, similar to rates
previously reported for radiofrequency catheter ablation.
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Introduction

The incidence of cavotricuspid isthmus—dependent atrial
flutter (AFL) has been estimated at more than 200,000 in the
United States, with a prevalence of 800,000.%2 Radiofre-
quency (RF) catheter ablation is safe and effective treatment
of AFL, with cure rates greater than 95%.>“ In studies using
large-tip RF ablation catheters, acute efficacy ranged from
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88% to 93%, long-term 6-month efficacy from 87% to 97%,
and complications from 2.7% to 3.6%.%* RF catheter abla-
tion of AFL has been shown to improve quality of life and
to reduce recurrence of atrial fibrillation (AF) and frequency
of hospitalization compared with medical therapy.®
Catheter cryoablation has been used to treat supraven-
tricular arrhythmias, with comparable efficacy and poten-
tially fewer complications compared with RF catheter ab-
lation.®~** Unlike RF catheter ablation, catheter-based
cryoablation does not cause coagulum formation or endo-
cardial charring.®™** It does not cause pain, potentially
reducing the amount of sedation required during abla-
tion.”*° However, the efficacy of catheter-based cryoabla-
tion for treatment of AFL has not been systematically eval-
uated in a large clinical trial. In this report, the acute and
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6-month follow-up results in a total of 160 patients treated
with catheter-based cryoablation are presented.

Methods

This prospective, multicenter study was designed to evalu-
ate the safety and efficacy of the CryoCor catheter-based
cryoablation system (CryoCor, Inc., San Diego, CA)),
which has been previously described in detail.>"1°712 n
brief, the system consists of a 10Fr, 6.5-mm metal-tip cath-
eter and cryogenerator that produces a nadir temperature of
—90°C. The primary end-points of this study were demon-
stration of acute safety and efficacy, defined by adverse
event rates and success in achieving bidirectional cavotri-
cuspid isthmus block. The secondary end-point was dem-
onstration of long-term efficacy defined as the recurrence
rate of AFL during 6-month follow-up. Patients were fol-
lowed after ablation using clinical parameters and symp-
tomatic and random weekly event monitoring to detect
recurrences of AFL.

Study inclusion criteria and exclusion criteria
Patients were included in the study if they had symptomatic
cavotricuspid isthmus—dependent AFL, were between the
ages of 18 and 75 years, had at least one episode of symp-
tomatic AFL documented on ECG in the last 6 months, and
had cavotricuspid isthmus—dependent AFL documented in
the electrophysiology laboratory just prior to ablation. Pa-
tients were excluded if they had undergone cardiac surgery
within 6 months of screening, had New York Heart Asso-
ciation class 11l or IV congestive heart failure and/or ejec-
tion fraction <30%, right-sided prosthetic heart valves,
myocardial infarction within 3 months of screening, unsta-
ble angina or myocardial ischemia, corrected or uncorrected
atrial septal defect, congenital heart disease that increased
the risk of cryoablation, prior ablation for AFL, ablation
other than for AFL within 3 months of screening, AF re-
quiring treatment with an antiarrhythmic drug other than
class IC or Ill, ventricular arrhythmia requiring medical
treatment that would confound interpretation of study re-
sults, or other medical contraindications.

Preprocedure assessments

Informed consent from was obtained from all patients. Pre-
procedure information recorded for each patient consisted
of demographic data, medical history including treatment of
arrhythmias, ECG documentation of symptomatic AFL, and
left ventricular ejection fraction within the past 6 months, all
cardioactive medications administered within the past 30
days, routine laboratory tests within 72 hours of the proce-
dure, and, if applicable, international normalized ratio and
human chorionic gonadotropin. Warfarin was discontinued
prior to ablation so that the international normalized ratio
was <2.0 at the time of the procedure.

Procedure description
Prior to catheter-based cryoablation, documentation of
cavotricuspid isthmus dependence of AFL was required,

using standard electrode or three-dimensional activation
mapping techniques. If cavotricuspid isthmus—dependent
AFL could not be confirmed, the patient was considered a
secondary screen failure and was not allowed to proceed
with catheter-based cryoablation. If cavotricuspid isthmus—
dependent AFL was documented, catheter-based cryoabla-
tion of the cavotricuspid isthmus was performed with
freezes lasting from 2 to 5 minutes each. Ablation could be
performed during sinus rhythm or AFL, but documentation
of bidirectional cavotricuspid isthmus conduction block was
required using established techniques at least 30 minutes
after the last ablation. If cavotricuspid isthmus conduction
recovered during this period, further catheter-based cryoa-
blation was allowed, followed again by a 30-minute waiting
period before confirmation of cavotricuspid isthmus block.
Use of isoproterenol during assessment of cavotricuspid
isthmus block was optional.

A catheter-based cryoablation freeze was considered ef-
fective if catheter position was stable at the targeted loca-
tion, a nadir temperature near —90°C was reached during
ablation, and the freeze duration was at least 2 minutes. If
bidirectional cavotricuspid isthmus block could not be
achieved with catheter-based cryoablation, the cavotricus-
pid isthmus could be ablated with an approved RF catheter
ablation device. At this point, the patient was considered a
catheter-based cryoablation failure and was discharged from
the study.

Intraprocedure parameters collected for each patient in-
cluded number, temperature, duration, and location of all
cryoablations, total fluoroscopy and procedure times (de-
fined as time from femoral cannulation to removal of all
catheters), conduction time and/or activation sequence
across the cavotricuspid isthmus prior to and immediately
following ablation, pacing entrainment methods used to
define cavotricuspid isthmus—dependent AFL, time of ini-
tial bidirectional cavotricuspid isthmus block, persistence of
bidirectional cavotricuspid isthmus block for a minimum of
30 minutes after ablation, and all adverse events.

Follow-up procedure

Following catheter-based cryoablation, subjects were man-
aged according to institutional procedures. After discharge,
patients with acute success were evaluated at 1 and 3
months by ECG and assessment of cardioactive medications
and adverse events. At 6 months, a telephone interview was
conducted for assessment of adverse events and any ar-
rhythmic events. During follow-up, event recordings up to 1
minute in length were obtained weekly and during any
symptomatic events thought to be due to arrhythmia. A
patient was deemed compliant with event monitoring if at
least three recordings per month for at least 5 of the 6
follow-up months, or a total of at least 20 weekly record-
ings, were available for review.

Patients with clinical evidence of symptomatic recurrent
AFL were encouraged to undergo repeat ablation. Treat-
ment of recurrent AFL with catheter-based cryoablation
required ECG documentation and demonstration of cavotri-
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cuspid isthmus—dependent AFL during repeat electrophysi-
ologic study. Any patient who was re-treated with catheter-
based cryoablation for AFL was followed for another 6
months. However, if re-treatment was performed with RF
catheter ablation, the patient was followed only through the
6 months remaining after the last catheter-based cryoabla-
tion procedure.

A Data Safety Monitoring Board (DSMB) consisting of
three independent electrophysiologists met 12 times during
the study and provided final adjudication of all serious
adverse events. A serious adverse event was defined as any
event resulting in death, life-threatening complications, per-
sistent or significant disability/incapacity requiring inpatient
hospitalization or prolonged hospitalization, or requiring
intervention to prevent permanent impairment of a body
function or damage to a body structure. The committee was
empowered to recommend corrective actions, including
study discontinuation.

A core ECG laboratory (Dr. Melvin Scheinman and
colleagues at University of California, San Francisco, CA,
USA) analyzed all event monitor recordings for the pres-
ence of arrhythmias. These recordings were analyzed se-
quentially after completion of the study for all patients who
completed the entire 6-month follow-up. The core labora-
tory was not blinded to patient identifiers but had no clinical
information on any patients in the study.

Primary and secondary efficacy and safety
end-points

The primary end-points were acute safety and efficacy.
Acute efficacy was defined as bidirectional cavotricuspid
isthmus block a minimum of 30 minutes after the last
catheter-based cryoablation. The primary safety outcome
was a measurement of all serious adverse events that oc-
curred within 7 days of catheter-based cryoablation. The
study sample size was determined based on the primary
safety end-point; a minimum of 160 patients was required to
demonstrate an incidence of serious adverse events =<7%
with a power of 80% and a type 1 error rate of 0.05. All
primary analyses were performed using the intention-to-
treat method, which included all patients in whom the
cryoablation catheter was introduced into the body.

The secondary end-point was chronic efficacy, freedom
from recurrent AFL for 6 months, in patients who achieved
the primary efficacy end-point of bidirectional cavotricuspid
isthmus block. Chronic efficacy was defined using two
methods of analysis. The first method used a strict assess-
ment of freedom from recurrent AFL during follow-up,
determined solely by event monitor recordings analyzed by
the core ECG laboratory. The second method of analysis
performed by the sponsor after completion of the study
involved both assessment of event monitor recordings ana-
lyzed by the core ECG laboratory and clinical evidence of
long-term efficacy as determined by each investigator. Be-
cause this protocol allowed inclusion of patients with AF,
recurrence of AF was not considered a study failure.

Statistical analysis

Once a dataset was compiled, descriptive statistics were
performed for demographic summarization. These statistics
were in the form of either mean = 1 SD or, in the case of
count data, a percent derived from binomial proportions.
Likewise, estimates provided for safety end-points were
calculated, using the binomial proportion, as was an exact
95% confidence interval. For the acute effectiveness end-
point, a percent derived from a binomial proportion along
with the associated 95% exact confidence interval was cal-
culated.

For long-term efficacy, Kaplan-Meier analysis was used
to estimate the proportion of patients who remained free
from AFL recurrence at 6 months. An associated conserva-
tive Peto 95% lower confidence bound was calculated as
well.

Early censoring occurred in survival analysis estimates
whenever a subject was found not to be in compliance with
event recording requirements or was otherwise lost to fol-
low-up. In such cases, censoring occurred at the last date of
event recording compliance or at last known clinic visit,
whichever came first. Subjects without recurrence of AFL
during 6-month follow-up were censored at either the date
of their final event recording or their final clinic visit. No
imputation or substitution was performed for missing data.

Results
One hundred sixty patients were enrolled in the study and
treated (Table 1). Patients had a mean age of 63.1 =+ 9.3 years
and mean left ventricular ejection fraction of 54.6% = 10.4%;
122 (76.3%) were male. One hundred four (65%) patients had
concomitant arrhythmias, including 94 (58.75%) with AF. The
majority had typical AFL (78.75%), most of the remainder had
reverse typical AFL (13.8%) or both types of AFL (5.6%), and
a small percentage was unreported (1.9%). At the time of
ablation, 57 (35.6%) patients were taking antiarrhythmic drugs.
Of the 160 patients treated, 140 (87.50%) achieved acute
success with bidirectional cavotricuspid isthmus conduction

Table 1  Clinical characteristics of patients at the time of
ablation (N = 160)

No. (%)

122/38 (77% male)
63.03 * 9.25 years
54.6 = 10.4%

Male/female
Age (mean * SD)
Ejection fraction (%)

Antiarrhythmic drugs 57 (35.6%)
Atrial fibrillation history 94 (59%)
Cardiomyopathy 16 (10%)
Congestive heart failure 27 (17%)
Diabetes 27 (17%)
Hyperlipidemia 84 (53%)
Ischemic heart disease 30 (19%)
Obesity 44 (28%)
Previous myocardial infarction 26 (17%)
Systemic hypertension 98 (62%)
Tobacco abuse 18 (12%)
Ejection fraction <40 25 (16%)
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block. In patients with acute success, the mean total number of
freezes was 20.5 *= 11.3, mean number of effective freezes
(defined as those in whom there was adequate tissue contact,
temperature, and duration) 18.6 * 9.3, average total freeze
duration 47 £ 24 minutes, average freeze time per ablation
2.33 = 0.50 minutes, average temperature —81.5°C + 3.7°C,
mean nadir temperature —85.6°C = 3.6°C, average total flu-
oroscopy time 45 *+ 1.5 minutes, and average total procedure
time 200 = 71 minutes.

Of the 140 patients with acute success, eight were ex-
cluded from analysis of chronic efficacy because of non-
compliance with event recording. Of the remaining 132
patients eligible for analysis at 6-month follow-up, 106
(80.3%) were considered chronic successes and free of AFL
on event monitoring as determined by the core ECG labo-
ratory (Figure 1). Of the 26 (20%) patients with at least one
event characterized as AFL by the core laboratory during
the follow-up period, 5 (13.5%) were reablated with cathe-
ter-based cryoablation, 5 (13.5%) were reablated using RF
catheter ablation, one underwent electrical cardioversion,
and two were treated with amiodarone. The remaining 13
patients were not reablated but were followed by the inves-
tigators without changing or, in some cases, discontinuing
antiarrhythmic therapy and were considered clinical suc-
cesses without further recurrence of AFL, resulting in long-
term clinical efficacy in 119 (90.2%) patients (Figure 2).
Among the 13 patients who were not reablated (the majority
of whom the core ECG laboratory diagnosed recurrent AFL
on only a single event recording), 10 were reported by the
investigator to have experienced nonsustained AF or atrial
tachycardia and not AFL, one had a fortuitous overlap of a
biphasic T wave and P wave suggesting AFL, and two had
only a single apparent episode of AFL without further
recurrence during follow-up.

Figure 1  Kaplan-Meier curve showing days to recurrence of atrial
flutter by event monitor evidence of atrial flutter recurrence (see Methods
for description of analysis). Patients were censored if they were lost to
follow-up or were noncompliant with event monitoring. Solid line repre-
sents survival function, dashed line represents 95% confidence interval,
and hash marks represent points of censor.

Figure 2  Kaplan-Meier curve showing days to recurrence of atrial
flutter by clinical analysis evidence of atrial flutter recurrence (see Methods
for description of analysis). Patients were censored if they were lost to
follow-up or were noncompliant with event monitoring. Solid line repre-
sents survival function, dashed line represents 95% confidence interval,
and hash marks represent points of censor.

Of the 160 patients treated, 94 (58.8%) had a history of
AF prior to enrollment. Of the 132 patients who had acutely
successful ablation and were eligible for analysis at 6-month
follow-up, 58 (44%) exhibited AF during follow-up, 48
(36.4%) of whom were controlled with antiarrhythmic
drugs. Among the patients with AF, antiarrhythmic drug
therapy was changed during follow-up for 15: antiarrhyth-
mic drugs were stopped in 12 and were started for parox-
ysmal AF in 3 (one patient with AF who was lost to
follow-up is not included in these data).

Of the 160 patients treated, 9 (5.6%) had serious adverse
events (one per patient) that occurred within 7 days posta-
blation. Serious adverse events included AF (1), groin he-
matoma (1), cardiac tamponade (1), dizziness (1), acute
respiratory failure (1), AFL (1), sick sinus syndrome (2),
and complete AV block (1). The DSMB characterized only
4 (2.50%) serious adverse events as device and/or procedure
related, specifically groin hematoma (1), cardiac tamponade
6 days postablation (1), acute respiratory failure (1), and
complete AV block requiring pacemaker implantation (1).
The single instance of AV block resulted from extensive
medial (septal) cavotricuspid isthmus ablation and was per-
manent. All other adverse events, except for the AV block,
resolved by the end of the study.

Discussion

Short-term safety and efficacy of cryoablation

of AFL

This large 160-patient study confirmed the acute safety and
efficacy of catheter-based cryoablation for treatment of
cavotricuspid isthmus—dependent AFL. Acute success, de-
fined as bidirectional cavotricuspid isthmus block, was
achieved in 87.5% of patients. This is similar to published
studies using large-tip RF ablation catheters with high-
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power generators, with reported results ranging from 88% to
93%.34 Only 4 (2.5%) patients in this study suffered serious
adverse events that were ascribed to the procedure or inves-
tigational device, also comparable to the rate described in
published studies of RF ablation.®*

Long-term efficacy of cryoablation of AFL

By strict event monitoring, long-term efficacy of catheter-
based cryoablation in preventing AFL recurrence was
81.6%. This analysis, by defining any apparent episode of
AFL during follow-up as a failure of catheter-based cryoabla-
tion, may have been excessively strict compared to previous
studies with respect to the clinical relevance of documented
arrhythmic events. By considering clinical evidence of AFL
recurrence in addition to event recordings of AFL recurrence,
the long-term efficacy was 90.5%. This is similar to results
from previously published studies of RF catheter ablation
using clinical evidence of AFL recurrence, with efficacy
ranging from 87% to 97%.%* Thus, determination of long-
term success by event recordings alone may have identified
episodes of AFL that recurred only once during follow-up
and did not lead to a change in therapy, or it may have
identified arrhythmic episodes as apparent AFL that were
considered by the investigator to represent AF, atrial tachy-
cardia, or another phenomenon mimicking AFL.

Antiarrhythmic drug use

Reduction of antiarrhythmic drug use was observed during
follow-up. Twenty-five percent of patients taking antiar-
rhythmic drugs for suppression of AF actually stopping the
drugs because they were no longer required. This is consis-
tent with previous observations suggesting that ablation of
the cavotricuspid isthmus for type 1 AFL reduces recur-
rence of AF in some patients.*®

Potential safety advantages of catheter-based
cryoablation compared with RF catheter ablation
Catheter-based cryoablation may have specific advantages
over RF catheter ablation, including greater safety™* as a
result of catheter stability during ablation due to adherence
to myocardial tissue, reduced risk of systemic embolization,
lower risk of thrombus formation and endothelial disrup-
tion,®~2° and lower risk of myocardial perforation due to
preservation of tissue architecture.® In addition, catheter-
based cryoablation may produce less pain, as shown in
small randomized clinical studies in which catheter-based
cryoablation was associated with less perceived pain during
ablation of the cavotricuspid isthmus for AFL compared
with RF catheter ablation.2*°~** Nonetheless, two major
serious adverse events that occurred during this study, spe-
cifically, complete AV block and pericardial effusion with
tamponade, were determined by the DSMB to be related to
the ablation procedure or the investigational device. In the
case of AV block, the operator performed extensive ablation
near the septal side of the cavotricuspid isthmus, which is
known to increase the risk of AV block with RF catheter
ablation as well. No other cases of even transient AV block

were noted in this study, suggesting that this serious adverse
event likely was due to extensive ablation at an inappropri-
ate location, and that AV block can occur even with cath-
eter-based cryoablation if care is not taken to avoid the
septal area. In the case of late pericardial effusion and
tamponade, this is a known complication of RF catheter
ablation and could be related to some aspect of the ablation
procedure, such as right ventricular puncture, and not to the
investigational catheter-based cryoablation device. None-
theless, care should be taken during catheter positioning
with this device, especially in view of its larger 10Fr size.

Study limitations

A potential limitation of this study is the lack of random-
ization between catheter-based cryoablation and RF catheter
ablation. A randomized comparative study would have di-
rectly compared the safety and efficacy of catheter-based
cryoablation with RF catheter ablation. Nevertheless, it is
unlikely that such a comparison would have yielded statis-
tically significant differences, as published studies using
large-tip ablation catheters and high-power RF generators
show generally similar safety and efficacy. Although the
follow-up duration in this study was similar to that in
published studies of large-tip RF catheter ablation catheters
for ablation of AFL,%* it is known that AFL may recur after
6 months and consequently might be missed by this study
design, thereby reducing overall success rates.

Conclusion

Catheter cryoablation of AFL in this study was highly
effective in short-term and in long-term follow-up over 6
months. The occurrence of serious adverse events appears
similar to that observed with RF catheter ablation. Catheter-
based cryoablation may have specific safety advantages
over RF catheter ablation and may be associated with less
perceived pain during ablation.
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University of Rochester Medical
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Aurora Health Care, Milwaukee, WI

Oregon Health & Science University,
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Indiana University, Krannert
Institute, Indianapolis, IN

University of Nebraska Medical
Center, Omaha, NE

Midwest Cardiology Research
Foundation, Columbus, OH

Cardiology Consultants, Pensacola,
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Iowa Heart Center, Des Moines, IA

University of Pennsylvania,
Philadelphia, PA

James Daubert, MD
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Roy John, MBBS, PhD
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Jack Kron, MD
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