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ryoablation inside the pulmonary vein after failure of
adiofrequency antral isolation

avid N. Kenigsberg, MD, Mark A. Wood, MD, Jamshid Alaeddini, MD, Kenneth A. Ellenbogen, MD
rom Virginia Commonwealth University Medical Center, Richmond, Virginia.
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ACKGROUND Antral pulmonary vein (PV) ablation with radio-
requency (RF) energy has become widely used as a curative
pproach for the treatment of atrial fibrillation. In some patients,
espite antral ablation, PV entry and exit conduction block (BDB)
annot be achieved with RF energy. Cryoablation inside the PV may
e an effective method to achieve BDB.

BJECTIVE This study sought to describe a strategy of cryoabla-
ion within the PV to produce BDB in patients in whom antral RF
blation has failed.

ETHODS In 15 of 148 consecutive patients (57 � 8.9 years old, 80%
ale) with atrial fibrillation (14 paroxysmal, 1 chronic) undergoing PV

solation cryoablation (CryoCath Technologies, Inc., Montreal, Canada)
as performed 12 � 2 mm inside the PV after RF antral isolation failed.
ine patients were undergoing a repeat PV isolation procedure. Proce-
ural and follow-up data were recorded and collected.

ESULTS In these 15 patients, BDB could not be achieved in 23
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fter cryoablation inside the vein, all patients had documented PV
DB and were in normal sinus rhythm at the end of the procedure.
he average PV diameter before and after the procedure was
nchanged (1.77 � 0.18 vs 1.74 � 0.19, P � .641). The average
uoroscopic and procedure times were 57 � 16 min and 5.3 � 1.2
ours, respectively. At 1-year follow-up, 75% of patients remained
n sinus rhythm off antiarrhythmic medication; 7 of 9 patients
ndergoing a repeat procedure were in sinus rhythm at 1 year off
ntiarrhythmics. None of the patients had clinical evidence of PV
tenosis after cryoablation.

ONCLUSION Cryoablation inside the PV after failed antral
solation with RF is a safe and effective method to achieve
cute BDB.

EYWORDS Atrial fibrillation ablation; Cryoablation; Pulmonary
eins

Heart Rhythm 2007;4:992–996) © 2007 Heart Rhythm Society. All

eins (12 left superior PV) with antral or ostial ablation alone. rights reserved.
Antral pulmonary vein (PV) ablation with radiofre-
uency (RF) energy has become widely used for the treat-
ent of atrial fibrillation (AF).1–8 The success rate for this

rocedure varies between 65% and 85% in patients without
tructural heart disease.2,3 In many centers, the end point for
blation consists of the creation of PV entrance and exit
lock (BDB).9,10

In a small percentage of patients, despite diligent map-
ing and extensive antral and ostial ablation, BDB cannot be
chieved with RF energy. This failure may be related to
xcessive tissue thickness at the antral and ostial position
imiting the amount of conduction tissue destroyed with RF
r because of limited RF power application for concern of
ausing ostial PV stenosis or esophageal fistula formation.

To achieve BDB in these situations, ablation at the os-
ium or inside the PV may need to be performed. Cryoab-
ation does not seem to be associated with PV stenosis.11

he purpose of this report is to describe a strategy of
ryoablation within the PV to produce BDB in patients in
hom antral RF ablation has failed.

ddress reprint requests and correspondence: Dr. Kenneth A. Ellenbogen,
irginia Commonwealth University Medical Center, PO Box 980053, Rich-
ond, Virginia 23298-0053. E-mail address: kellenbogen@pol.net. (Re-
ethods
rocedure
ritten informed consent was obtained from all patients before

he procedure. Data from these procedures were entered into an
stablished AF database approved by the Virginia Common-
ealth University Institutional Review Board.
A transesophageal echocardiogram was performed be-

ore the procedure to rule out the presence of left atrial
hrombus. Within 2 weeks before ablation, all patients un-
erwent magnetic resonance imaging (MRI) to show pre-
rocedure PV and left atrial anatomy on a 1.5-T magnet
Magnetom Avanto, Seimens Medical Solutions, Erlangen,
ermany) with high-performance gradients.
Quadripolar catheters were placed in the right atrium, in the

ight ventricular apex, and across the septal tricuspid valve area
o obtain a His recording. A decapolar catheter was placed in
he coronary sinus. All patients underwent intracardiac echo-
ardiography (ICE) using a 10F, 10.5-MHz phased array cath-
ter (AcuNav Diagnostic Ultrasound Catheter, Acuson, Sie-
ens, Mountain View, CA) imaging system introduced

hrough an 11F venous sheath. The ICE catheter was fluoro-
copically guided to the right atrium and oriented to visualize
he left atrium.

A double transseptal puncture was performed using ICE

nd fluoroscopic guidance. Intravenous heparin was infused

. doi:10.1016/j.hrthm.2007.04.010

ity - Florida state consortium August 25, 2016.
right ©2016. Elsevier Inc. All rights reserved.
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993Kenigsberg et al Cryoablation After Failed Antral Isolation
o maintain an activated clotting time of at least 300 sec-
nds. PV diameter was assessed using a combination of ICE
nd venograms performed under fluoroscopy after a bolus
f adenosine (6 to 24 mg). ICE was also used to measure PV
ow velocity with pulsed-wave Doppler at the beginning of

he procedure and after each vein was isolated.
A circular mapping catheter (Lasso, Biosense-Webster, Di-

mond Bar, CA) was placed in the left atrium, and sequential
apping of the PVs using both ICE and fluoroscopic guidance
as performed. Pacing from the distal coronary sinus was used

o separate left atrial and PV signals from the left PVs, and
acing from the right atrium or proximal coronary sinus was
sed when isolating the right PVs ICE or venography was used
o identify the antrum or border zone between the PV and the
eft atrium.12

Initially RF ablation around the PV and the poles of the
asso catheter was performed with either a 7F, 8-mm-tip

able 1 Demographic characteristics of total patient
opulation compared with those who underwent combined RFA
nd cryoablation

nergy source
RFA
(N � 133)

RFA and
cryoablation
(N � 15) P value

ge 56 � 9 57 � 9 NS
ale sex (%) 69 80 �.05
F duration (years) 7.9 � 6 7.8 � 7 NS
eft atrial size (cm) 4.4 � 0.9 4.2 � 0.8 NS
eft ventricular ejection
fraction (%)

60 � 8 61 � 6 NS

tructural heart disease N (%) 120 (9) 1 (7) NS
ntiarrhythmic drugs
(mean number)

2.4 2.25 NS

aroxysmal AF N (%) 127 (95) 14 (93) NS
hronic AF N (%) 6 (5) 1 (7) NS
epeat ablation N (%) 24 (18) 9 (60) �.05
rior PV stenosis N (%) 1 (1) 2 (13) �.05

AF � atrial fibrillation; PV � pulmonary vein; RFA � radiofrequency
blation.

able 2 Number of PV isolations, presence, site, and percent P
f lesions, and total time

atient PV isolations, no.
Presence/site
(% PV stenosis) PV cryoablati

1 1 N LS
2 3 N LS, RS, RI
3 1 N LS, LI
4 1 N LS, LI
5 2 N LS
6 1 N LS
7 2 Y/RS (50%) RS
8 2 N LS
9 2 N LS
0 1 N LS, LI
1 2 Y/LS (20%) LS, RS
2 1 N LS, LI
3 2 N LI
4 2 N LS
5 2 N RS, RI
LI � left inferior; LS � left superior; PV � pulmonary vein; RI � right infer
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teerable radiofrequency ablation (RFA) catheter (Biosense-
ebster) or an externally irrigated (with heparinized saline)

.5-mm Thermacool catheter (Biosense-Webster). Contigu-
us applications of RF energy were delivered with the
onirrigated catheter with target temperature of 50°C and
aximal power output 50 W for 20 to 40 seconds at each

ite. With the Thermacool catheter, the irrigation rate was
et to 30 ml/min, the target temperature was �42°C, the
aximal power output was 35 W, and lesion duration was

n average 20 to 30 seconds at each site. If no change was
oted by then, RFA was discontinued and mapping for a
etter site was performed. The power was limited to 25 W
n the area of the left atrium where the esophagus was
isualized by ICE or esophagram. The ablation was per-
ormed until all PV potentials were attenuated. During ab-
ation with the 8-mm-tip catheter, the left atrium was mon-
tored for microbubble formation during ablation.

Isolation of a PV was defined as eradication of all PV
otentials and the presence of BDB when pacing from each
ipolar pair of the 20-pole Lasso catheter positioned inside
ne or more PVs at 10 mA and 2 ms pulse width. When
DB could not be achieved with extensive RF ablation to

he PV antrum or ostium, patients underwent cryoablation
ith either a 9F 8-mm Freezor Max or a 7F 6-mm Freezor
tra (CryoCath Technologies, Inc., Montreal, Canada) in-

ide the PV os. The target tip temperature was �75°C, and
aximum lesion duration was 4 min per application. Repeat

CE and venograms with fluoroscopy after adenosine infu-
ion were performed to reassess PV diameter after isolation.

ollow-up
ollow-up visits were scheduled at 3 months, 6 months, and
2 months after the procedure. All patients received 48-hour
olter monitors at the 3-month visit regardless of their

ymptoms. Patients with any symptom suggestive of ar-
hythmia recurrence also received an event monitor with
utomatic trigger to record asymptomatic episodes of AF.

osis after prior procedure; cryoablation site, catheter, number

Cryoablation
catheter Cryoablation no. Cryoablation time (min)

9F, 8 mm 6 12.2
9F, 8 mm 25 51.7
9F, 8 mm 4 8.0
9F, 8 mm 8 31.0
9F, 8 mm 19 38.9
9F, 8 mm 25 41.7
9F, 8 mm 8 24.0
9F, 8 mm 8 26.2
9F, 8 mm 10 21.0
9F, 8 mm 7 28.0
7F, 6 mm 13 28.0
7F, 6 mm 24 53.8
7F, 6 mm 12 44.0
7F, 6 mm 9 27.8
9F, 8 mm 4 16.0
V sten

on site
ior; RS � right superior.

ity - Florida state consortium August 25, 2016.
right ©2016. Elsevier Inc. All rights reserved.
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tatistical analysis
PSS version 10.0 (SPSS Inc., Chicago, IL) computer software
as used for statistical analysis. Continuous variables were

eported as mean � SD as well as range, and comparisons
etween groups were based on a 2-sample t test. Comparisons
etween categorical variables were based on a �2 test. A P
alue �.05 was considered to be statistically significant.

esults
total of 148 consecutive patients with a mean age of 57 � 9

ears old (68% male) underwent PV isolation for treatment of
rug-refractory, symptomatic AF at our center between August
005 and December 2006. In 15 of these patients (57 � 9
ears; 80% male) BDB, in 1 or more PVs, could not be
chieved with antral or ostial isolation alone. Fourteen patients
ad paroxysmal and 1 had chronic AF. In these patients,
ryoablation (CryoCath Technologies, Inc., Montreal, Canada)
nside the PV was performed after failed antral and ostial RF
blation. The demographic characteristics of the total cohort of
atients, as well as those undergoing combined RF and cryoa-
lation, are presented in Table 1. Nine of 15 patients were
ndergoing a repeat procedure after recurrent AF. Two of the
5 patients had documented mild (�50%) PV stenosis from
rior RF ablation.

In 133 of 148 (90%) patients and 569 of 592 (96%) PVs,
ntrance and exit block was achieved in all veins with RFA
lone in the antrum or in the antrum and the ostium. In 15
f 148 (10%) patients and in 23 of 592 (3.8%) PVs under-
oing antral or ostial isolation alone using RF, PV isolation
as not achieved.
The demographic characteristics of the total patient popu-

ation compared with those who underwent combined RF and
ryoablation are presented in Table 1 and were statistically
imilar between groups, except that the percentage of female
atients was slightly greater in the RF cohort versus the com-
ined ablation modality group. The percentage of patients who
ere undergoing a repeat ablation attempt and those with prior
V stenosis were greater in the RF plus cryoablation group

han in the RF ablation alone group (18% vs 60%, P �.05 and

% vs 13%, P �.05, respectively). g
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The number of PV isolation procedures the patient had
ndergone; presence, site, and percent PV stenosis both
fter and before the procedure; site of cryoablation; cryoa-
lation catheter type; number of cryoablation lesions; and
otal cryoablation time are listed in Table 2. Two patients
ho were undergoing combined RF plus cryoablation had
rior PV stenosis diagnosed by comparing preprocedural
RIs. Neither of these patients had clinical manifestations

f PV stenosis. Twelve patients had cryoablation in the left
uperior PV, 4 in the left inferior PV, 4 in the right superior
V, and 2 in the right inferior PV. Eleven patients under-
ent cryoablation with a 9F, 8-mm tip and four with a 7F,
-mm catheter. Cryoablation was performed on average
2 � 2 mm (range 8 to 15 mm) inside the PV, lesion
umber ranged from 4 to 25, and total time ranged from 8.0
o 53.8 min of cryoenergy delivery. Fluoroscopic images in
he right anterior oblique and left anterior oblique projec-

Figure 1 Cryoablation catheter posi-
tioned in the PV in the RAO (right) and
LAO (left) projections. The Lasso catheter
is positioned at the PV ostium. The coro-
nary sinus (CS) and His bundle (His) cath-
eters are in standard position. The ICE
catheter is located in the right atrium. Note
the cryoablation catheter 15 mm inside the
PV ostium as defined by the Lasso catheter.
Cryoablation was delivered here to isolate
the PV. ICE � intracardiac echocardiogra-
phy; PV � pulmonary vein.

igure 2 Electrograms recorded from a 20-pole Lasso (L1,2 [distal] to
19,20 [proximal]) catheter positioned at the PV antrum during cryoabla-

ion in the PV. Ten seconds elapsed from the time to reach target temper-
ture until the disappearance of all the PV potentials (PVP) on the Lasso.
he artifact from the cryoablation catheter is at L 7,8. A � atrial electro-

ram; PV � pulmonary vein.

ity - Florida state consortium August 25, 2016.
right ©2016. Elsevier Inc. All rights reserved.
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ions with the cryoablation catheter positioned inside the
ein are shown in Figure 1.

An example of the achievement of entrance block re-
orded at 10 seconds after cryoablation onset from a Lasso
ositioned at the PV antrum is shown in Figure 2. A typical
atient in whom entrance block was seen at the level of the
ntrum, but not deeper in the PVs where there was bidirec-
ional conduction, is shown in Figure 3. This pattern was
een in all 15 patients. In this patient, the Lasso is positioned
ear the antrum, as defined by venography, and PV poten-
ials remain present on only 2 sets of bipoles. After the
asso is positioned slightly past the cardiac border, PV
otentials are seen circumferentially around all poles.

Average fluoroscopic and procedure times were 57 � 16
in and 5.3 � 1.2 hours, respectively. The average fluoro-

copic and procedure times for patients undergoing RF
lone were 51 � 14 min and 5.0 � 1.1 hours, respectively.
t 1-year follow-up (Figure 4), 83% of patients remained in

inus rhythm off antiarrhythmic medication; 7 of 9 (78%)
atients undergoing a repeat procedure were in sinus rhythm
t 1 year off antiarrhythmics.

The PV diameter and velocity before and after RF and
ryoablation were compared in these patients for each PV

igure 4 Kaplan-Meier curve of AF-free survival in 15 patients after
ombined cryoablation and RF. AF � atrial fibrillation; RF � radio
requency.

able 3 Average pulmonary vein diameter before and after
blation and maximum pulmonary vein decrease

Before
ablation

After
ablation

Maximal
decrease

eft superior pulmonary
vein diameter (cm)

1.7 � 0.3 1.6 � 0.2 0.7

eft inferior pulmonary
vein diameter (cm)

1.6 � 0.2 1.6 � 0.2 0.7

ight superior pulmonary
vein diameter (cm)

1.7 � 0.3 1.7 � 0.4 0.1

ight inferior pulmonary 1.7 � 0.2 1.6 � 0.3 0.3
igure 3 Venography of the LSPV in the LAO projection (A). The
otted black circle represents a Lasso positioned at the antrum after
xtensive ablation (Proximal), and the dotted white circle represents a
asso positioned deep in the vein (Distal). The electrograms beneath the
enogram represents Lasso recordings from a (B) distal position in the vein
nd proximally at the antrum (C). Note that deeper in the vein, the far field
trial electrogram is absent. A � atrium; CS � coronary sinus; ICE �
ntracardiac echocardiography; LSPV � left superior pulmonary vein; PVP
vein diameter (cm)

ity - Florida state consortium August 25, 2016.
right ©2016. Elsevier Inc. All rights reserved.
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Table 3). The average PV diameter before and after the
rocedure was unchanged (1.77 � 0.18 vs 1.74 � 0.19, P �

641) as determined by ICE or venography. None of the PVs
ad an increase in ICE velocity. At 1-year follow-up, none
f the patients had clinical PV stenosis after cryoablation.
ix patients had a follow-up MRI that showed no significant
hanges in PV diameter.

iscussion
omplete PV isolation has been shown to be an important
oal in achieving improved efficacy of AF ablation.9 PV
solation with RF delivered at the venous antrum and ostium
s typically successful in achieving BDB in the PVs in the
ajority of patients.3 In a small percentage of patients,

ombined antral and ostial isolation with RF is ineffective in
chieving BDB in the PV. In these patients, when the Lasso
s positioned in the antrum, electrical recordings suggest
ntrance block and PV isolation; however, it becomes ap-
arent when the Lasso is placed deeper inside the PV that
ultiple connections between the PV and left atrium still

xist. The reason for this is unclear. This may relate to the
nability of the Lasso catheter to completely cover the inner
urface of the PV wall. A second possibility relates to the
ypothesis that PV automaticity stems from distinct serpig-
nous fibers that extend from deep in the vein out to the PV
ntrum where they arborize. The larger surface area and
hicker tissue at the antrum makes complete and permanent
estruction of this conductive tissue more difficult to com-
lete at the antrum than inside the PV, where the tissue is
hinner and the fibers are more densely arranged.

In patients in whom antral/ostial isolation of the PV with
F was ineffective in achieving BDB, instead of performing
dditional RF further inside the PV ostium or applying
ontinued RF around the antrum and increasing the risk of
V stenosis or perforation and fistula,13,14 we describe an
pproach using cryoablation inside the vein. After using this
ombined approach, all patients had documented BDB and
inus rhythm at the end of the procedure. Moreover, 83% of
atients remained in sinus rhythm off antiarrhythmics after
ore than 1 year of follow-up.
When comparing the total patient cohort undergoing PV

solation with the 15 patients undergoing combined RF and
ryoablation, the clinically significant features that differ-
ntiate these 2 groups were a history of PV narrowing from
prior procedure and undergoing a repeat ablation proce-

ure. These 2 factors clearly relate to added concern about
he cumulative effect of RF ablation on the PV and
rompted the use of cryoablation. The presence of residual
V conduction is the most common reason for procedural
ailure and was the reason for an increased number of repeat
rocedures in the combined ablation group.

Our study supports prior reports of the safety of cryoa-
lation.11 In the 15 patients undergoing cryoablation in the
V, there was no significant change in PV diameter or
oppler velocity as assessed by ICE; there was no clinical

ccurrence of PV stenosis; and in the patients undergoing

Downloaded from ClinicalKey.com at Florida Atlantic Univers
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epeat MRI, there was no evidence of decreased PV diam-
ter. This is in contrast to prior reports of RF ablation in the PV
n which RF energy delivery inside the vein leads to decreased
V diameter, increased Doppler flow velocity in the vein, and
higher likelihood of clinical PV stenosis. One limitation in

his study is the fact that not all of the patients had an MRI to
ssess for PV stenosis during follow-up.
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