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Cryoablation for atrial fibrillation (AF) has rapidly become a mainstream
treatment for AF. In this report, 163 patients who had undergone a cryo-
ablation procedure at one clinical center were contacted by telephone
33.1 + 3.3 months after the procedure. All patients had received cryoabla-
tion of the pulmonary vein ostia, although concomitant procedures were
performed at the same time in over 50% of the patients, including radio-
frequency and/or cryoablation of other areas of the left atrium. Freedom
from a repeat ablation procedure was 87%, while freedom from recurrent
hospitalization for AF was 89%, as compared to previous reports of 65%.
Of the 13 patients who had a repeat ablation procedure, only one was
found to have a reconnection of pulmonary veins, while 4 were found to
have atrial flutter. Cryoablation for AF produces a durable result in most
patients out to 3 years with better outcomes than previously reported.

ulmonary vein isolation (PVI) has emerged as the gold

standard of ablative strategies to treat medically refrac-

tory paroxysmal and persistent atrial fibrillation (AF)

(1). But despite the superiority of catheter ablation based
on PVI over antiarrhythmic drug therapy (2-4), recurrence
rates of AF remain higher than desired (5). Among large trials,
freedom from recurrent AF is about 65% (range 48%—77%),
with follow-up limited to 12 to 28 months (6-18). For the
cryoablation procedure, the second-generation cryoballoon
catheter provides a larger and more uniform cooling zone (8, 9).
We sought to determine the overall need for recurrent ablation
procedures and hospitalizations for atrial arrhythmias among
a group of consecutive patients who underwent ablation with
the second-generation cryoballoon catheter.

METHODS

This study was a retrospective assessment of consecutive
subjects who underwent cryoballoon-based catheter ablation of
AF by 8 electrophysiologists (with 4 physicians performing 95%
of the procedures) at the Baylor Heart and Vascular Hospital
from May 18, 2012, through June 6, 2013. Follow-up after abla-
tion was performed according to American Heart Association/
Heart Rhythm Society guidelines for the first year and was at
the discretion of each physician subsequently.

Patients were brought to the electrophysiology lab in a
fasted state off all andiarrhythmic drug therapy. Under general
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anesthesia, a decapolar diagnostic catheter was placed in the
coronary sinus via the femoral approach. After a single trans-
septal puncture, the 28 mm cryoballoon (Artic Front or Artic
Front Advance, Medtronic, Inc., Minneapolis, MN) was intro-
duced into the left atrium via a 12F steerable sheath (FlexCath,
Medtronic). Pulmonary vein mapping was performed using
either a 20-pole circular mapping catheter or an 8-pole trans-
luminal circular mapping guide (Achieve, Medtronic). Catheter
positioning was assessed by transluminal contrast injection and/
or intracardiac echocardiography with the goal of complete pul-
monary vein occlusion prior to lesion delivery. Cryo energy was
delivered for 180 to 240 seconds at operator discretion, with a
bonus lesion following isolation. Lesion duration was impacted
by assessment for phrenic nerve dysfunction, esophageal tem-
perature, balloon nadir temperature, and time to isolation, when
measured. Only the 28 mm cryo balloon was used. PVI was
reassessed 30 minutes after the final application at each vein.

A total of 218 patients were identified, and 163 patients
were successfully contacted and interviewed. Patients were que-
ried about whether any symptoms of AF had recurred, how
the recurrent AF was diagnosed, how they perceived symptom
resolution, if they had another ablation procedure, and if they
had any subsequent hospitalizations for AF (separate from any
ablation admissions).

For all patients, a chart review of the ablation procedure
was performed. Information collected included the type of
AF that had been present (paroxysmal, persistent, or both); if
cardioversions for AF had ever been done; the subjective fre-
quency of the AF preablation; the presence of the risk factors
of hypertension, coronary artery disease, and cardiomyopathy;
the presence and names of anticoagulant and antiarrhythmic
medications before or after the procedure; the exact procedure
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that was done (including information on concomitant ablation
sites treated); the number of pulmonary veins present and ab-
lated; and the presence of any complications of the procedure.
This study was reviewed and approved by the Baylor Research
Institute institutional review board. All patients provided verbal
phone consent.

Means, standard deviations, medians, interquartile range,
and percentages were calculated to describe the study cohort.
Freedom from recurrent atrial ablation or hospitalization for AF
was estimated with a Kaplan-Meier analysis. Estimates were used
to generate freedom from recurrent atrial ablation and freedom
from hospitalization for AF curves in this study cohort.

RESULTS

A total of 163 patients were interviewed by telephone a
mean of 33 months after the cryoablation procedure. The mean
age of the patients was 64 years, and the group was divided
about equally between men and women (7able 1). Most pa-
tients were white. Prior to the ablation, patients had had AF for
4Y% years, and two-thirds had paroxysmal AE Interestingly, one-
third had a concomitant diagnosis of atrial flutter by history.

This index AF ablation procedure was the second procedure for
7% and the third procedure for 3%.

Table 1. Baseline characteristics of 163 patients who underwent
a cryoablation procedure

Value
Age, years (mean + SD) 63.6+£12.0
Male 95 (58.3%)

Variable

Female 68 (41.7%)
Race/ethnicity
White 157 (96.3%)
Black 2 (1.2%)
QOther 0 (0%)
Hispanic or Latino 4 (2.5%)
Duration of atrial fibrillation, months (mean £ SD) 56.2+63.9
Time between ablation and interview, months (mean + SD) 340+33
Type of atrial fibrillation
Paroxysmal 108 (66.3%)
Persistent 33 (20.3%)
Both 22 (13.1%)
Concomitant atrial flutter, by patient history 63 (38.7%)
Index ablation procedure was the
First ablation procedure 146 (90.0%)
Second ablation procedure 12 (7.4%)
Third ablation procedure 53.1%)
Risk factors
Hypertension 93 (57.1%)
Coronary artery disease 21 (12.9%)
Cardiomyopathy 25 (15.3%)

Table 2. Procedures performed among 163 patients who
underwent a cryoablation procedure

Procedure N (%)
163 (100.0%)

18 (11.0%)

Cryoablation pulmonary vein isolation

Cryoablation plus radiofrequency to complete the
pulmonary vein isolation

Cryoablation plus balloon lesions to nonpulmonary vein 20 (12.3%)
areas

Cryoablation plus radiofrequency to nonpulmonary vein 17 (10.4%)
areas

Cryoablation plus typical atrial flutter ablation 33 (20.3%)
Cryoablation plus ablation on nonpulmonary vein atrial 1(0.6%)

tachycardia

*Some patients had more than one concomitant site treated.
|

Many patients (68%) were on an anticoagulant prior to the
procedure, including dabigatran (37.6%), warfarin (34.8%),
rivaroxaban (27.0%), and apixaban (0.9%). Similarly, many
(66%) were on an antiarrhythmic medication at the time of
evaluation for the ablation procedure (although all antiarrhyth-
mic medication was held prior to the procedure), which includ-
ed flecainide (32.4%), sotalol (19.4%), amiodarone (16.7%),
dronedarone (13.0%), propafenone (9.3%), dofetilide (6.5%),
and diltiazem (2.8%).

All patients in this study underwent cryoballoon PVI
(1able 2). In addition, 10% to 20% of patients had either ra-
diofrequency or cryoablation in other parts of the left atrium,
and 20% specifically had an atrial flutter ablation in addition
to the AF ablation. There were 16 complications, all of which
resolved within 30 days (7zble 3).

Nineteen patients had another ablation procedure, and for
13 of these 19, the next procedure was performed at our institu-
tion. In one patient with a repeat ablation procedure, there was
a reconnection of the pulmonary veins (19). Seven patients were

Table 3. Outcomes of 163 patients who underwent a cryoablation

procedure

Outcome Value
Months between ablation and phone call 341+£33
Postprocedure vascular complications 8 (4.9%)
Postprocedure phrenic nerve dysfunction 8 (4.9%)
Postprocedure pericardiocentesis 0 (0.0%)
Repeat hospitalization 19 (11.7%)
Repeat ablation procedure 21 (12.9%)
Patient-reported symptom resolution (N = 143)

50% fewer spells 20 (13.9%)

75% fewer spells 14 (9.7%)

90% fewer spells 23 (16.0%)

No further spells 86 (60.1%)
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Figure 1. Freedom from (a) repeat ablation procedure and (b) any hospitalization for atrial fibrillation among 163 patients who underwent a cryoablation procedure.

found to have residual potential in a pulmonary vein antrum.
Four patients had atrial flutter, including atypical atrial flutter.
Various other locations of an electrical focus were found on
the left atrial roof, posterior wall, superior vena cava, left atrial
appendage, and right atrial appendage.

DISCUSSION

The main findings of our study were that, with long-term
follow-up of an ablation procedure using the second-gener-
ation cryoballoon, 1) freedom from recurrent ablation was
observed in 87% of subjects (Figure 1a); 2) freedom from
hospitalization for atrial arrhythmias was seen in 88% of sub-
jects (Figure 1b); and 3) most were either free of AF symptoms
or had a reduced burden after a follow-up of nearly 3 years.
Complication rates were acceptably low, and no procedural-
related issues emerged late in follow-up. When AF recurred,
there was a finding in the pulmonary veins, consistent with
either a reconnection or incomplete ablation at the index pro-
cedure. All patients with recurrence underwent a successful
second ablation procedure.

Table 4. Freedom from atrial fibrillation with radiofrequency
ablation and cryoablation*

First author, year Radiofrequency Follow-up
of publication N ablation Cryoablation  (months)
Knecht, 2014 208 56% 48% 28
Mugnai, 2014 396 73% 63% 23
Cheng, 2015 1216 65% 67% 16.5
Wasserlauf, 2015 201 61% 60% 12
Squara, 2015 376 76% 73% 18
Aryana, 2015 1196 60% 77% 12
Luik, 2015 315 63% 64% 6
Straube, 2016 373 60% 70% 17

*From references 11 to 18.
|
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The majority of publications on AF and cryoablation have
focused on freedom from 30 seconds of AF during the time
period of 3 to 12 months postablation. More recent reports
have focused on cryoablation for somewhat longer times
and have shown a 65% rate of freedom from AF for 12 to
28 months postablation (72ble 4) (6-18). This study thus dem-
onstrated a higher success rate over a longer time of observation.

While freedom from AF represents a standard and impor-
tant endpoint, it does not directly reflect the need for recurrent,
expensive resource utilization. The cost of a typical AF ablation
has been estimated at $80,000 and a hospitalization related to
AF at $35,000. Prevention of repeat ablation procedures can
also mitigate the risk of additional complications.

This was a retrospective, observational study, and 55 pa-
tients in the consecutive series could not be reached. This was
a single-center study involving multiple operators. In this study,
the presence of recurrent AF was assessed historically, and a rou-
tine systematic approach to AF monitoring was not performed.
We were not able to correlate symptoms of palpitations in these
patients to the presence or absence of any specific arrhythmia.
Finally, we did not have data on resource utilization prior to
patients’ index ablation.
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