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ABSTRACT

Background: Pulmonary vein isolation is the cornerstone for the treatment of patients with recurrent and symptomatic paroxysmal 
atrial fibrillation (PAF). Balloon cryoablation (BCA) is an option to radiofrequency with shorter procedural and fluoroscopy times.
Objectives: The aim of this study was to describe the immediate outcomes and the initial experience in the first BCA procedures for 
PAF in our hospital.
Methods: Between November 2013 and February 2015, 23 patients underwent BCA for PAF. A computed tomography angiography 
with reconstruction of the left atrium and pulmonary veins was performed before the procedure.
Results: Mean age was 53±11 years, 19 patients were men, left atrial dimension was 40±7 mm and LVEF was 58%±8%. Average 
CHA2DS2VASc score was 0.6. The average procedural time was 169±47 minutes, with a fluoroscopy time of 39±17 minutes. Iso-
lation of the pulmonary veins was achieved in 89/91 pulmonary veins (97.8%), and 2 patients required additional radiofrequency 
catheter ablation. One patient (4.34%) presented transient paralysis of the diaphragm with spontaneous recovery after 30 minutes. 
No further complications were observed.
After a median follow-up of 9.2 months, 21 patients (91.3%) remained with sinus rhythm.
Conclusions: In this initial experience, BCA for PAF proved to be a safe and effective technique in selected patients. A high acute suc-
cess rate was achieved for pulmonary vein isolation. During follow-up, the recurrence rate was low. The real impact of the procedure 
will be known when long-term outcomes become available.

Key words: Atrial Fibrillation - Catheter Ablation - Cryosurgery - Electrophysiology

RESUMEN

Introducción: El aislamiento eléctrico de las venas pulmonares constituye la piedra angular en el tratamiento curativo de pacientes 
con fibrilación auricular paroxística (FAP) recurrente y sintomática. La crioablación con balón (CAB) es una alternativa a la radi-
ofrecuencia, con disminución de los tiempos del procedimiento y de radioscopia.
Objetivos: Describir los resultados inmediatos y la experiencia inicial en las primeras intervenciones de CAB de FAP en nuestro 
hospital.
Material y métodos: Entre noviembre de 2013 y febrero de 2015, 23 pacientes fueron intervenidos con una CAB de FAP. Previo al 
procedimiento se les realizó una angiotomografía con reconstrucción de la aurícula izquierda y las venas pulmonares.
Resultados: La edad promedio de los pacientes fue de 53 ± 11 años, 19 eran varones, el diámetro de la aurícula izquierda fue de 40 
± 7 mm, la FEVI fue de 58% ± 8%. El CHA2DS2VASc promedio fue de 0,6. La duración promedio de los procedimientos fue de 169 
± 47 minutos, con un tiempo de radioscopia de 39 ± 17 minutos. Se logró el aislamiento en 89/91 venas pulmonares (97,8%); en 
2 pacientes se debió completar la lesión con radiofrecuencia. Un paciente (4,34%) presentó parálisis diafragmática transitoria, con 
recuperación espontánea a los 30 minutos. No hubo otras complicaciones.
Con una mediana de seguimiento de 9,2 meses, 21 pacientes (91,3%) permanecieron en ritmo sinusal.
Conclusiones: En esta experiencia inicial, la CAB de FAP se mostró como una técnica segura y eficaz en pacientes seleccionados. 
Presentó un éxito agudo alto en el aislamiento de las venas pulmonares. Durante el seguimiento, la tasa de recurrencia fue baja. 
Resta esperar los resultados del seguimiento extendido para conocer su impacto real.
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INTRODUCTION
Atrial fibrillation (AF) is the most prevalent arrhyth-
mia (1-2%) in the general population and raises more 
than 5 times the risk of stroke, affecting quality of 
life and increasing morbidity and mortality. (1, 2) The 
electrical isolation of the pulmonary veins or of other 
AF triggers is a therapeutic intervention for patients 
with paroxysmal atrial fibrillation (PAF) who remain 
with symptoms after medical treatment, decreasing 
the number of hospitalizations and improving sur-
vival. (3-5)

Point-by-point radiofrequency (RF) ablation for 
pulmonary vein isolation (PVI) has shown consider-
able success for the treatment of PAF, (6, 7) but is as-
sociated with major complications as thromboembolic 
events, cardiac tamponade, lesions of organs or adja-
cent structures (esophagus, phrenic nerve or aorta) 
and pulmonary vein stenosis. (6-10) The procedure 
is complex, takes a long time and the long-term out-
comes depend mainly on the operator’s experience to 
achieve a linear lesion without gaps. (11)

Balloon cryoablation (BCA) for PAF is a recently 
introduced technology, with shorter procedural and 
fluoroscopy times and with efficacy similar to that 
obtained with RF. (11, 12) Cryoablation has also dem-
onstrated lower incidence of thrombus formation (en-
dothelial cell preservation) and better limited lesions 
which improve catheter stability due to enhanced tis-
sue contact. (13-16) However, cryoablation has not 
proved to be safer than RF catheter ablation, adding 
an almost exclusive complication, the prevalence of 
phrenic nerve lesion which ranges from 11% to 24%, 
and may lead to persistent diaphragmatic paralysis. 
(11, 17, 18)

The aim of this study was to describe the imme-
diate outcomes and the initial experience in the first 
BCA procedures in our hospital.

METHODS
Between November 2013 and February 2015, 23 BCA pro-
cedures were performed in 23 patients with symptomatic 
and refractory PAF (with at least one antiarrhythmic drug). 
All patients had presented more than two episodes of PAF 
within the past 3 months.

A computed tomography angiography (CT-Angio) with 
reconstruction of the left atrium (LA) and pulmonary veins 
(PV) was performed for patient selection. Two operators 
evaluated the results and excluded those patients with un-
favorable anatomy, as common ostium diameter larger than 
the balloon, a sharp and deep left lateral ridge between the 
left atrial appendage and left PV or multiple, thin PV.

Patients with LA size ≥ 5 cm, left ventricular ejection 
fraction (LVEF) ≤ 40%, functional class III heart failure or 
greater, coronary artery disease requiring invasive treat-
ment or history of stroke within the previous 6 months were 
excluded from the study.

All the patients were receiving anticoagulation therapy 
with warfarin and had a stable INR between 2 and 3 for at 
least one month before BCA. Warfarin was replaced by low-
molecular-weight heparin on the days before the procedure. 
Antiarrhythmic drugs were stopped before BCA. Both drugs 
were reinitiated 8 hours after the procedure and continued 
for 3 months.

None of the patients underwent prior transesophageal 
echocardiography.

The procedure was performed under general anes-
thesia avoiding the use of muscle relaxants, with invasive 
blood pressure and esophageal temperature (ET) monitor-
ing. Transseptal puncture, performed using a conventional 
puncture set, was guided by fluoroscopy. The LA was ac-
cessed and a 0.035” in diameter and 260 cm in length guide 
wire was advanced into the left superior PV. Then, it was 
exchanged for a FlexCath sheath; the balloon catheter was 
advanced over the sheath with the circular mapping cath-
eter (Achieve, Medtronic Inc.) inside the sheath. During LA 
approach, the activated clotting time ranged between 250 
and 300 milliseconds. Total procedure time was defined as 
the time interval between patient arrival at the electrophysi-
ology laboratory until the puncture sites were bandaged.

Ablation was performed using a 28-mm first-generation 
or second-generation balloon catheter (Artic Front and Artic 
Front Advance Medtronic Inc., respectively).

Before starting BCA, a circular mapping catheter was 
introduced inside each PV to detect the presence of spon-
taneous electrical potentials. The need for isolating a PV 
was determined by left atrial capture during sinus rhythm 
when that pulmonary vein was paced or by the presence of 
spontaneous electrical potentials. The balloon catheter was 
inflated inside the LA and advanced towards the PV ostium, 
guided by the circular mapping catheter inside the PV. In 
the first 20 patients, each PV underwent two cycles of 240 
seconds after venographic evidence of full occlusion without 
leak detection and a fall in balloon temperature of -30°C in 
30 seconds. In the last 3 cases, each PV received a single 
application.

Esophageal temperature was controlled during each ap-
plication, and was stopped if the temperature was -25°C or 
lower (Figure 1).

During the applications in the right PV, the phrenic 
nerve was monitored with high-output pacing (20 mV at 
1200 ms) and phrenic nerve capture (contraction of the dia-
phragm) using a catheter placed in the right side of the supe-
rior vena cava. The application was immediately interrupted 
if diaphragmatic contraction ceased or decreased (Figure 2).

Immediately after BCA of each PV, and 30 minutes lat-
er, the absence of spontaneous electrical potentials and the 
presence of bidirectional block (absence of PV potentials and 
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LA  Left atrium
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PVI  Pulmonary vein isolation
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intervention), and were subsequently withdrawn. Atrial fi-
brillation recurrence was defined as the presence of AF last-
ing at least 30 seconds in any of the follow-up visits after the 
intervention (ECG or Holter monitoring).

Statistical analysis
The results are expressed as mean ± standard deviation or 
percentage of patients, median and interquartile range. The 
procedure was considered successful if PVI was achieved 
with absence of AF during follow-up.

Ethical considerations
The study protocol was revised and approved by the Institu-
tional Bioethics Committee. All patients signed an informed 
consent before BCA.

RESULTS
Mean age was 53±11 years and 19 patients were men. 
Average CHA2DS2VASc score was 0.6. Mean LA size 
was 40±7 mm and LVEF was 58%±8%. Ninety-five 
percent of the patients had four PV with separate 
openings into the LA, and one patient had a common 
trunk of the left pulmonary vein (Table 1).

The Artic Front catheter was used in 12 patients 
(52%) and the Artic Front Advance in 11 (48%).

Mean procedural time was 169±47 minutes, with 
fluoroscopy time of 39±17 minutes. As the number 
of cases increased and the operator’s experience im-
proved, a trend towards a reduction in both times was 
observed (Figure 3).

All the patients were hospitalized for one day.
Electrical isolation and bidirectional block was 

achieved with BCA in 89 of 91 PV (97.8%). In two  
patients, PVI had to be completed with RF ablation 
using a 4 mm irrigated tip catheter under fluoroscopic 
guidance: in one patient in the right inferior PV and 
in the other patient in the left inferior PV.

Fig. 1. Venogram of the left superior pulmonary vein. Contrast 
injection after balloon occlusion of the left superior pulmo-
nary vein is observed with no evidence of contrast leakage. The 
esophageal temperature probe can be seen close to the site of 
cryoablation application.

Fig. 2. Venogram of the right inferior pulmonary vein. Contrast 
injection after balloon occlusion of the right inferior pulmonary 
vein is observed. The circular mapping catheter is seen deployed 
and distal to the ostium, which, in this case, provides support 
for the adequate contact of the balloon with the right inferior 
pulmonary vein ostium. The bipolar catheter can be seen in the 
superior vena cava (where phrenic capture is revealed through 
stimulation) and the esophageal temperature probe placed 
close to the site of cryoablation application.

Table 1. Baseline characteristics

HTN: Hypertension. AMI: Acute myocardial infarction. DM: Diabetes 
mellitus. LVEF: Left ventricular ejection fraction. PV: pulmonary vein. 
RSPV: Right superior pulmonary vein. RIPV: Right inferior pulmonary 
vein. LSPV: Left superior pulmonary vein. LIPV: Left inferior pulmonary 
vein.

n=23

Age, years

male gender, %

Htn, %

Ami, %

Dm, %

stroke, %

Left atrium, mm

LVeF, %

pV size, mm

    rspV

    ripV

    LspV

    LipV

53±11

82

39

13

8

4

40±7

58±8

20±2

17±1.5

16±1.2

14±1.4

of LA capture from the PV ostium) during sinus rhythm, 
were considered primary success findings.

The patients were followed-up at the outpatient clinic 
48 hours and 30 days after the procedure (clinical exam and 
electrocardiogram [ECG]), and at 3, 6 and 12 months (clini-
cal exam, ECG and 24-hour 3-channel Holter monitoring).

Antiarrhythmic drugs and anticoagulants were started 
again in the immediate postoperative period and maintained 
during the first 3 months (the blanking period after an AF 
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One patient (4.34%) presented transient paralysis 
of the diaphragm during BCA of the right superior 
PV (using a second-generation balloon) that did not 
prevent PVI and showed spontaneous recovery after 
30 minutes. Esophageal temperature presented a 
marked reduction during BCA of the left inferior PV 
in two patients (using a second-generation balloon). 
Cryoablation was terminated to prevent esophageal 
injury; nevertheless, PVI was successful and no com-
plications were reported during follow-up.

During a median follow-up of 9.2 months (IQR 
25%-75%=5.5), 91.3% of patients did not present AF 
recurrences (Table 2).

DISCUSSION
Balloon cryoablation for PAF is a technique developed 
to facilitate PVI in certain difficult cases. In our series, 
PVI was achieved in 97.8% of cases, a result similar to 
the one reported by international publications (An-
drade et al, average primary success of 98.4%), (11) 
and to the outcomes attained with RF in our country. 
(19, 20)

Only a few patients completed more than one-year 
follow-up. International publications did not find dif-
ferences in AF recurrence one year after ablation with 
RF ablation or BCA procedures using first-generation 
balloons (RF 77% vs. BCA 72%), (21) however, the use 
of second-generation CAB resulted in lower rate of AF 
recurrence compared with RF in the long-term follow-

up (76% vs. 60%, respectively). (22)
Despite being the beginning of the learning curve, 

the mean procedural time was similar to the ones pre-
viously reported. The FAST-PVI study comparing AF 
ablation using non-fluoroscopic navigation systems 
vs. BCA included more than 400 procedures in 9 cent-
ers in Germany. The study, designed to evaluate hos-
pital costs and procedure times, showed that BCA is 
faster, reducing total times by 36% with average lab 
occupancy of 262 minutes for 3D navigation versus 
170 minutes for BCA. (23)

In this series, the incidence of transient phrenic 
nerve paralysis was 4.3% using a second-generation 
balloon. In the STOP AF trial, Packer et al. (17) de-
scribed an incidence of 11.2% transient and <1% per-
sistent phrenic nerve palsy in 163 patients with fist-
generation balloons; with the advent of diaphragmatic 
monitoring by means of pacing during the application, 
this complication decreased to 6%. (11) Phrenic nerve 
paralysis has been reported to occur in a significantly 
larger number of patients (19.5%) with second-gener-
ation balloons. This complication might be prevented 
by avoiding the pulmonary vein ostia during right-
sided pulmonary vein ablation and allowing a small 
degree of contrast leak. (18)

Despite the application had to be stopped in two 
patients due to a marked decrease in ET, pulmonary 
vein isolation was successful. The occurrence of atrial-
esophageal fistula has been described with first-gen-
eration (24) and second-generation balloons. (25) The 
incidence of esophageal ulcers is higher with second-
generation balloons and has a direct association with 
esophageal cooling. (26)

Pulmonary vein isolation was not achieved in two 
patients who required additional RF catheter abla-
tion. Both failures were observed using a first-gen-
eration balloon; in one case, in the right inferior PV 
which presented a branch with a different orientation 
and proximal to the PV ostium, while in the second 
case, the reason for failure in the left inferior PV could 
not be recognized. The limitations to achieve PVI us-
ing first-generation balloons, which include anatomi-
cal variations in the PV and the LA (sharp left lateral 
ridge between the left superior PV and the left atrial 
appendage, a narrow carina between the left PV, a 
proximal non-perpendicular angle between the axis of 
the right inferior PV and the ostial plane and early 
branching PV with change in the axis angle) could be 
identified as predictors for failure in PVI. (27) Imag-
ing techniques might be necessary to evaluate these 
variations. Probably, the use of second-generation bal-
loons would overcome these limitations, as they use 
8 injection tubes to produce lesions with the entire 
anterior hemisphere and not with the equator of the 
balloon as first-generation balloons do.

Study limitations
The follow-up period in this series was short, particu-
larly considering that the presence or absence of ar-

Table 2. Series results

Fig. 3. Relationship between the procedure time and the num-
ber of cases.

procedure time, min

Fluoroscopy time, min

transient phrenic palsy, %

Hospital length of stay, days

pV isolation, %

First-generation balloon, %

Follow-up (median), months

recurrence, %

169±47

39±17

4.34

1

97.8

52

9.2

8.7

PV: pulmonary veins.

Minutes/n° of cases
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rhythmias during the 3-month blanking period after 
AF ablation does not modify the outcome. Selection 
of patients after CT-angiography limited results to pa-
tients with similar characteristics.

CONCLUSIONS
In this initial experience, BCA for PAF proved to be 
a safe and effective technique in selected patients. A 
high acute success rate was achieved for PVI. During 
follow-up, the recurrence rate was low. The real im-
pact of the procedure will be known when long-term 
outcomes become available.
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