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ACKGROUND Cryoenergy is being increasingly used for atrial
brillation (AF) ablation, but the thermal effect of cryoenergy on
he esophagus remains undefined.

BJECTIVE This study examines the esophageal effects of cryoen-
rgy used during AF ablation.

ETHODS Catheter ablation was performed using a cryoballoon
atheter in 67 AF patients (Cryoballoon group), and a spot cryo-
atheter to complete irrigated radiofrequency lesion sets at seg-
ents in close proximity to the esophagus in 7 AF patients (Cryo-
ocal group). A temperature probe monitored the luminal
sophageal temperature (LET) in all patients; LET changes did not
uide therapy. Post-procedural endoscopy was performed on 35 of
7 (52%) Cryoballoon and all Cryo-Focal patients.

ESULTS Significant LET decreases (�1°C) occurred in 62 of 67
93%) Cryoballoon patients. LET continued to decrease after ter-
ination of cryoablation before recovering to normal. Tempera-

ure decreases were more pronounced during ablation at the in-
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bserved temperature was 0°C. Post-procedural endoscopy showed
sophageal ulcerations in 6 of 35 (17%) patients. There were no
trial-esophageal fistulas, and all ulcers had healed on follow-up
ndoscopy. Patients with and without ulceration differed with
espect to mean LET nadir, cumulative LET decrease, and number
f LETs �30°C. In the Cryo-Focal group, 6 � 2 spot cryolesions per
atient resulted in 1.3 � 1 LET decreases per patient, and an
bsolute nadir of 32.5°C.

ONCLUSION Cryoballoon ablation can cause significant LET de-
reases, resulting in reversible esophageal ulcerations in 17% of
atients. No ulcerations occurred with adjunctive spot cryoabla-
ion at regions near the esophagus during radiofrequency ablation
rocedures.

EYWORDS Atrial fibrillation; Catheter ablation; Arrhythmias;
omplications; Esophageal injury

Heart Rhythm 2009;6:962–969) © 2009 Published by Elsevier Inc.

erior (3.1°C) than superior pulmonary veins (1.5°C); the lowest on behalf of Heart Rhythm Society.
ntroduction
trial-esophageal fistula is one of the most feared compli-

ations of atrial fibrillation (AF) ablation.1,2 During radio-
requency (RF) catheter ablation, esophageal temperatures
eaching �40°C are believed to correlate with thermal
njury to the esophagus along its course just posterior to
he left atrium (LA).2 These significant increases in tem-
erature may disrupt the structural integrity of the con-
ective tissue of the esophageal mucosa. Because the site
f esophageal submucosal and mucosal injury is contig-
ous with the posterior LA wall, it is thought that sub-

Drs. Reddy, Neuzil, and Packer have received research grant support
rom Cryocath Technologies, Inc. Dr. Ruskin is Chairman of the Steering
ommittee for the Arctic Front Trial run by Cryocath Technologies, Inc.,
ut has received no support. Address reprint requests and correspon-
ence: Dr. Vivek Y. Reddy, University of Miami Miller School of Med-

cine, 1400 NW 12th Avenue, Suite 4062, Miami, Florida 33136. E-mail
ddress: vreddy@med.miami.edu. (Received February 17, 2009; accepted
equent aberrant healing of the esophagus leads to atrial-
sophageal fistula formation.3

Although clinical experience with RF catheter ablation
umbers in the hundreds of thousands of patients treated,
elatively few have been treated with catheter cryoabla-
ion. As a result, little is known about the potential for
ryoablation to cause thermal injury to the esophagus.4

o the best of our knowledge, there have been no re-
orted instances of atrial-esophageal fistula formation
fter catheter cryoablation—including the over 5,000
linical procedures performed worldwide with the bal-
oon cryoablation catheter. However, given the observed
arity of atrial-esophageal fistula formation after RF ab-
ation, it seems prudent to determine proactively the
ffect of every ablation technology on the esophagus.
his is of particular importance because the use of an-
ther ablation technology, using focused ultrasound, has
esulted in multiple atrial-esophageal fistulas, of which

everal were fatal.5

eart Rhythm Society. doi:10.1016/j.hrthm.2009.03.051
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963Ahmed et al Esophageal Effects of Cryoablation
In this study, the esophageal effects of cryoenergy were
xamined after 1 of 2 AF ablation strategies: (1) pulmonary
ein (PV) isolation with a cryoballoon catheter, or (2) wide-
rea circumferential ablation (WACA) using an irrigated RF
atheter, followed by spot cryocatheter ablation at PV regions
n close proximity to the esophagus. Luminal esophageal tem-
erature (LET) monitoring was used in all patients to assess the
requency and magnitude of the cryothermal effect. Further-
ore, a later consecutive subset of both groups of patients

dditionally underwent systematic post-procedural endoscopy
o assess for esophageal mucosal damage. Of importance,
bserved changes in LET were recorded only and were not
sed to interrupt or guide ablation therapy.

ethods
ll procedures were performed after obtaining written in-

ormed consent according to institutional guidelines at the
assachusetts General Hospital, Boston; Homolka Hospi-

al, Prague; or the Mayo Clinic, Rochester.

ryoballoon group
n a total of 67 patients with drug-resistant paroxysmal AF,
atheter ablation was performed using either a 23-mm or a
8-mm cryoballoon catheter, in 23 (34%) and 32 patients
48%), respectively. Both balloon sizes were needed in 12
18%) patients to accommodate the variance in intrapatient
V diameters.

The cryoablation balloon system has been described pre-
iously.4 Procedures were performed under either conscious
edation or general anesthesia. The procedures were per-
ormed with fluoroscopic and intracardiac ultrasound (ICE;
cunav, Siemens-Ultrasound, Erlangen, Germany) guid-

nce. Intravenous heparin was administered before the
ransseptal puncture; activated clotting time (ACT) was
aintained at �300 s. A multielectrode circular mapping

atheter (Lasso, Biosense-Webster, Haifa, Israel) was used
o record electrogram activity before and after ablation of
ach PV–LA junction. Before the delivery of cryoenergy,
ffective balloon occlusion of the targeted PV was con-

igure 1 Luminal esophageal temperature monitoring during cryoballoon
emperature probe (white arrow) during catheter ablation. B. An example of LE
as delivered for 240 seconds (arrow), but the transmural transfer of energy
anteroposterior; LET � luminal esophageal temperature; LIPV � left infe
rmed by injection of contrast. t
The esophageal temperature probe was advanced or
ithdrawn manually during each lesion to ensure proper
ertical alignment of the probe’s temperature sensor to the
alloon ablation catheter (Figure 1A). For each patient, the
aseline LET was recorded, along with the nadir for each
esion. For selected energy deliveries, complete temperature
urves were documented by recording the temperature
hanges in 5-s intervals, beginning with the delivery of
efrigerant into the inflated balloon (Figure 1B). Each lesion
as delivered with a target time of 240 s; those �60s (n �
0) were excluded from analysis. To minimize the chance of
ong-term electrical reconnection, 1 or 2 “bonus” lesions
ere delivered to the PV ostia after electrical isolation of

he targeted vein had been confirmed using the circular
apping catheter. Bonus lesions were delivered per opera-

or preference, and were typically applied in a different
ranch of the vein, with a slightly different deflection.

No lesion was stopped prematurely because of observed
hanges in the LET; premature lesion termination only oc-
urred if there was evidence of impending phrenic nerve dam-
ge, or because of poor positioning of the cryoballoon catheter.

Thirty-five (52%) consecutive patients who consented to
ndoscopy underwent systematic post-procedural endos-
opy within 1 week of the procedure. If ulceration were
ound, patients were prescribed proton pump inhibitors
PPIs), and underwent follow-up endoscopy 1 month post-
rocedure.

ryo-Focal group
n a total of 7 patients with paroxysmal (n � 2), persistent
n � 1), or longstanding persistent (n � 4) drug-resistant
F, a spot 4-mm-tip cryoablation catheter (Cryocor, San
iego, CA/Cryocath Inc, Montreal, Canada) was used to

omplete irrigated RF WACA lesion sets at PV regions
lose to the esophagus. The determination to use cryoabla-
ion was based on: (1) the close vicinity of esophagus to the
V ostium as visualized by electroanatomical mapping and
CE imaging, and/or (2) the rapid increase of the esophageal
emperature. General anesthesia was used in all patients.

The LA–PV anatomy was rendered with an electroana-

. A. AP view is shown of the Cryoballoon (black arrow) and intraesophageal
wn as a function of time during balloon cryoablation of the LIPV. Cryoenergy
sophagus persisted for 50 seconds after the cessation of energy delivery. AP
monary vein; RSPV � right superior pulmonary vein.
ablation
T is sho
to the e
omic navigation system (Carto, Biosense-Webster). A
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ide-area circumferential ring of ablation lesions was
laced, 5 to 15 mm from the PV junctions (RF power range:
5 to 40 W). Additional ablation was undertaken with Lasso
uidance to complete venoatrial electrical disconnection.
A linear lesions were placed at the operator’s discretion.
F applications were terminated when the LET exceeded
8.0°C, or increased by �0.5°C over the course of 1 to 2 s.
or each patient, the anatomical location of cryoenergy
elivery was recorded, along with the baseline LET, LET
adir, and duration of cryoablation.

Similar to the Cryoballoon group patients, all 7 Cryo-
ocal group patients underwent systematic, post-procedural
sophagogastroduodenoscopy (EGD). For 6 of 7 (86%)
atients, the endoscopy was performed within 2 days of the
rocedure; this was not feasible for 1 of 7 patients, who
nderwent endoscopy at 20 days post-procedure. Six of
even patients additionally underwent high-resolution endo-
copic ultrasound for further detection of esophageal ther-
al injury.

tatistical analysis
ontinuous variables are expressed as mean � SD. For
nalysis, the Cryoballoon group was divided into 2 sub-
roups: patients with (Group A, n � 35) and without (Group
, n � 32) post-procedural endoscopy. Group A was then

urther subdivided: those with (Group A1, n � 6) and
ithout (Group A2, n � 29) esophageal ulceration on post-
rocedural EGD. The primary end point of the study was
-fold: the observation of significant LET decreases during
ryoballoon ablation of the PVs, and the presence of esoph-
geal ulceration on post-procedural EGD. Means of LET
ata from Group A1 and A2 were compared with the Stu-
ent t-test, and frequencies with the Fisher exact test. Val-
es of P �.05 were considered significant. The authors had
ull access to the data and take responsibility for its integ-
ity. All authors have read and agree to the article as written.

esults
atient characteristics
s shown in Table 1, the mean age of the Cryoballoon
roup cohort (67 patients) was 57 � 9 years, and 26 (39%)
ere female. The left ventricular ejection fraction and LA

ize were 66% � 7% and 41 � 5 mm, respectively. General
nesthesia was used in 1 patient. The mean age of the
ryo-Focal group cohort (7 patients) was 59 � 10 years and
(29%) were female; the left ventricular ejection fraction

nd LA size were 50% � 12% and 48 � 6 mm, respec-
ively. The last 35 (52 %) consecutive Cryoballoon group
atients and all Cryo-Focal group patients underwent post-
rocedural endoscopy.

sophageal temperature changes with
ryoablation
ualitatively, LET monitoring showed a phenomenon sim-

lar to the thermal latency observed during RF ablation; that
s, the esophageal temperature continued to decrease after

ermination of the ablation lesion (Figure 1B). Shortly after 1
eaching the nadir, the LET was observed to increase fairly
apidly; in most cases, it approached the baseline tempera-
ure before delivery of the subsequent lesion.

ryoballoon group
n the patient cohort (n � 67), a total of 763 ablation lesions
ere delivered. Zero, 1, or 2 bonus lesions were delivered to

ach PV in 11, 4, and 52 patients, respectively. Overall, a
ean of 186 � 13 lesions were delivered to each vein: left

uperior pulmonary vein (LSPV), 188; left inferior pulmo-
ary vein (LIPV), 201; right superior pulmonary vein
RSPV), 169; right inferior pulmonary vein (RIPV), 185.
ignificant (�1°C) LET decreases were observed in 62
93%) patients (percent LET decreases per vein: LSPV,
3%; LIPV, 57%; left common pulmonary vein (LCPV),
%; RSPV, 31%; RIPV, 45%; right middle pulmonary vein
RMPV), 33%), with 5 � 3 significant decreases observed
er patient in the total cohort (n � 67). The average baseline
ET was 37.4°C � 0.5°C.

As shown in Table 2, the greatest average temperature
ecrease (3.1°C) was noted in both the LIPV and the RIPV,
ith LET nadirs of 16.6°C (baseline, 36°C) and �0°C

baseline, 36.5°C), respectively. This latter LET decrease
as observed during ablation of the RIPV in 1 patient: the
rst lesion resulted in an LET of 12.5°C (baseline, 36.5°C),
nd the next 2 reached a nadir of �0°C (because the nadir
eached a plateau for �10 s, and the LET probe could not
isplay temperatures �0°C, it is likely that a subzero nadir
ccurred). The maximal absolute LET nadir (0°C) was
bserved during ablation of the RIPV in 1 patient. The
SPV showed the smallest average temperature change

1.1°C; range, 24.9°C to 37.2°C). The LSPV (range, 21.9°C
o 37.2°C) showed an average temperature decrease of

able 1 Patient characteristics

Cryoballoon
group
(n � 67)

Cryo-Focal
group
(n � 7)

emographic information
Age (mean � SD) 57 � 9 59 � 10
Female, % 39 29

edical history
Hypertension (n, %) 36 (54%) 2 (29%)
CHF (n, %) 0 (0%) 0 (0%)
Atrial flutter (n, %) 23 (34%) 4 (57%)
CAD (n, %) 5 (7%) 1 (14%)
Diabetes (n, %) 6 (9%) 1 (14%)
GERD (n, %) 2 (3%) 0 (0%)

isease characteristics
Structurally normal heart (n, %) 62 (93%) 4 (57%)
EF (%, mean � SD) 66 � 7 50 � 12
LA size (mm, mean � SD) 41 � 5 48 � 6
Redo AF ablation (n, %) 1 (1%) 2 (29%)

edication use
Failed AADs (n, mean � SD), no. 1.3 � 0.6 1.9 � 0.9

AAD � antiarrhythmic drug; AF � atrial fibrillation; CAD � coronary
rtery disease; CHF � congestive heart failure; EF � ejection fraction;
ERD � gastroesophageal reflux disease; LA � left atrium.
.9°C and maximum temperature decrease of 14°C. LET
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965Ahmed et al Esophageal Effects of Cryoablation
ecreases occurred regardless of the balloon size used
mean LET decrease 23 mm, 2.1°C � 3.9°C; mean LET
ecrease 28 mm, 2.3°C � 4°C; P � .45). With both balloon
izes, the thermal effects were most pronounced during
blation of the inferior PVs (Table 2).

ryo-Focal group
n the patient cohort (n � 7), a total of 33 ablation lesions
ere delivered. A mean of 6 � 2 applications per patient

729 � 77 s) were delivered (lesions delivered on a per-vein
asis: LSPV, 0; LIPV, 4; RSPV, 0; RIPV, 29). Significant
�1°C) LET decreases were observed in 5 (71%) patients,
ith 1.4 � 1 significant decreases observed per patient. The
ean decrease in LET was 1.9°C � 1.2°C. The maximal

emperature nadir was 32.5°C.

sophageal endoscopy after cryoablation
or 35 (52%) patients in the Cryoballoon group, endoscopy
as performed 1 � 2 days post-procedure (range, 1 to 5

able 2 Cryoballoon group luminal esophageal temperature dat

LSPV LIPV

bsolute LET nadir (°C) 21.9 16.6
ean LET decrease (°C) � 1.9 � 3.1
aximum LET decrease (°C) � 14 � 19.4
ET decreases, n (%) 81 (43%) 114 (57%)

LCPV� left common pulmonary vein; LIPV � left inferior pulmonary v
MPV � right middle pulmonary vein; RSPV � right superior pulmonary v
Note that an RMPV was present in 3 patients, and an LCPV in 4 patients

able 3 Comparison of patient characteristics for patients with
ndoscopy

Post-procedural EGD:
(n � 6)

emographic information
Age (mean � SD) 61 � 8
Female, % 50

edical history
Hypertension (n, %) 2 (33%)
CHF (n, %) 0 (0%)
Atrial flutter (n, %) 4 (67%)
CAD (n, %) 0 (0%)
Diabetes (n, %) 0 (0%)
GERD (n, %) 1 (17%)

isease characteristics
Structurally normal heart (n, %) 6 (100%)
EF (%, mean � SD) 66 � 2
LA size (mm, mean � SD) 42 � 6
Redo AF ablation (n, %) 0 (0%)

edication use
Failed AADs, no. (mean � SD) 1.3 � 0.5

rocedure characteristics
Pre-procedural TEE (n, %) 3 (50%)
General anesthesia (n, %) 1 (17%)

onus lesions per PV, no.
0 0 (0%)
1 1 (17%)
2 5 (83%)

AAD � antiarrhythmic drug; AF � atrial fibrillation; CAD � coronary

sophagogastroduodenoscopy; GERD � gastroesophageal reflux disease; LA � le
ays), revealing esophageal ulcerations in 6 of 35 (17%)
atients. No patient or procedural characteristics were found
o be statistically significant predictors of the incidence of
lceration (Table 3). When comparing patients with and
ithout ulceration, a statistically significant difference was

ound for: (1) the mean absolute LET nadir, (2) the mean
umber of lesions resulting in LETs �30°C, and (3) the
umulative LET decrease (Figure 2). However, no threshold
emperature value was found to predict ulceration.

All patients presenting with esophageal ulceration were
symptomatic and without clinical sequelae. The ulcer-
tions were observed at the retrocardiac esophageal loca-
ion, the characteristic site of ulcer formation in RF ablation
Table 4). In 2 patients, ulcerations were also seen on the
osterior esophageal wall (Figures 3A and 4). In 1 patient,
his was also accompanied by inflammation of the esopha-
eal wall, resulting in thickening of the LA esophageal wall
o 9 mm (normal approximately 4 mm) (Figures 3A and

ulmonary vein

LCPV* RSPV RIPV RMPV*

34.9 24.9 0 35.5
� 0.6 � 1.1 � 3.1 � 1.1
� 1.5 � 11.6 � 36.5 � 2.9
1 (7%) 52 (31%) 83 (45%) 2 (33%)

V � left superior pulmonary vein; RIPV � right inferior pulmonary vein;

ithout esophageal ulceration as observed on post-procedural

ion Post-procedural EGD: no ulceration
(n � 29) P value

56 � 10 .19
34 .65

16 (56%) .4
0 (0%) 1
9 (31%) .17
2 (7%) .98
6 (21%) .56
1 (3%) .29

28 (97%) .83
67 � 6 .51
39 � 5 .32
1 (3%) .83

1.4 � 0.7 .85

11 (38%) .66
0 (0%) 1

0 (0%) 1
3 (10%) .55

26 (90%) .55

disease; CHF � congestive heart faiulre; EF � ejection fraction; EGD �
a per p

ein; LSP
ein.
and w

ulcerat

artery

ft atrial; PV � pulmonary vein; TEE � transesophageal echocardiograph.
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B). Because of the severity of the damage, the patient also
nderwent computed tomography (CT) scanning, which
howed a soft tissue prominence containing hyperdensities
nd foci of air along the right lateral aspect of the esophagus
t the level of the LA (Figure 3C). Because this was inter-
reted as suspicious for inflammation surrounding a focal
erforation, a barium swallow was performed to assess for
n esophageal leak. There was no contrast extravasation,
nd esophageal motility was normal.

For the Cryo-Focal group patients, endoscopy showed
ormal esophageal mucosa. Endoscopic ultrasound imaging
howed no esophageal mucosal erosions or muscular dis-
uption.

ollow-up
here were no occurrences of atrial esophageal fistula. Of

he 6 patients showing ulcerations, 5 received PPI treatment.
ollow-up endoscopy at 1 month showed complete resolu-

ion of all ulcerations in 5 of 6 (83%) patients; for the
atient with LETs �0°C, complete resolution of the ulcer-
tions was not observed until a 3-month endoscopy.

ncidental findings
n the Cryoballoon group, other incidental endoscopy find-
ngs included Barrett esophagus in 1 patient. In another,
andida was observed along the length of the esophagus,
resumably resulting use of a steroid inhaler. This resolved
fter treatment with antifungal medications. Endoscopic ul-
rasonography of the Cryo-Focal group showed a small
leural effusion in 1 patient and a moderate right pleural
ffusion in another.

iscussion
his study showed that significant changes in esophageal

emperature are common during cryoablation, and are par-
icularly pronounced during balloon cryoablation of the
nferior PVs. This is consistent with the PV anatomy be-
ause the inferior veins are anatomically posterior, and
herefore closer to the esophagus.

After ablation with the cryoballoon catheter, a statisti-
ally significant correlation was found between the inci-
ence of esophageal ulceration as identified by post-proce-
ure endoscopy and the LET nadir, the number of LETs
30°C, and the cumulative LET decrease. No other patient

r procedural characteristics, including the number of bonus
esions delivered to each PV, were found to be statistically
ignificant predictors of ulceration. There was also no sig-
ificant difference in esophageal temperature decreases be-
ween use of the 23-mm and 28-mm balloon catheters.
erhaps most importantly, routine post-procedural endos-
opy showed a 17% incidence of esophageal ulceration.
espite this, no atrial-esophageal fistula or other clinical

equelae, including symptoms of dysphagia, were observed.
nd importantly, all ulcers healed during follow-up.
The study also suggests the safety of using spot cryoa-

lation at PV regions determined to be close to the esoph-
igure 2 Comparison of LET data for patients with and without esoph-
geal ulceration as observed on post-procedural EGD. A. Observed LET
adirs are depicted for patients with and without ulceration as observed
ith post-procedural endoscopy; mean values: 19.8°C � 11.4°C and
1.7°C � 4.5°C, respectively (P � .0001). B. The number of lesions with
bserved LET �30°C is depicted; mean values: 2.8 � 1.9 and 0.4 � 0.9
n patients with and without esophageal ulceration, respectively (P �
0001). C. The cumulative LET decrease is depicted for each patient,
rouped by the presence or absence of ulceration as observed with post-
rocedural endoscopy; mean values: 54.7°C � 38.2°C and 21.5°C �
4.5°C, respectively (P � .0008). The cumulative decrease represents the
um of LET decreases observed for each lesion delivered to that patient.

, individual data point; , mean value; EGD � esophagogastroduode-
gus when placing WACA RF lesion sets. In the 7 patients



u
d
s
t

P
C
p
t
t
e
i
a
�
i
p
w
L
E
6
t
a
t
t
e
g
a
s
a
b
c
s

a
e
d
b
b
s
e
s
b
t
c
t
c
c
c
u

l
o
c
c
t
l
i
l
l
a
b
l

P
C
A
u
s
i
t
.
(
�
f
e
r
o
t
b
t
a

C
I
a
u
o
b
s
s
w
s
g

C
T
s
e

T

P

B
L
S

erature

967Ahmed et al Esophageal Effects of Cryoablation
ndergoing this ablation strategy, systematic post-proce-
ural EGD and high-resolution endoscopic ultrasonography
howed no esophageal mucosal erosions, muscular disrup-
ion, or atrial-esophageal fistula formation.

rior studies
ummings et al2 documented changes in esophageal tem-
erature during RF ablation, and the possible correlation of
hese changes with injury to the esophagus. They reported
hat the intensity of power applied to PV ostia adjoining the
sophagus was not a reliable predictor of such damage;
nstead, the appearance of microbubbles on ICE, which
pproximately correlated with esophageal temperatures
40°C, was an indicator of esophageal damage. Similarly,

n a study of 81 patients undergoing RF ablation, we com-
ared the incidence of esophageal ulceration in patients for
hom LET monitoring was not used and those in whom
ET monitoring was used to titrate power �38.5°C.6

sophageal injury was observed more frequently (36% vs.
%, P �.006) in the cohort without LET monitoring. It is
herefore reasonable to assume that: (1) LET-guided RF
blation, combined with a strategy of using spot cryoabla-
ion at pre-identified PV regions close to the esophagus, and
hus more likely to result in thermal conduction to the
sophagus, would further reduce the incidence of esopha-
eal injury; and (2) the observed injury to the esophagus
fter cryoballoon ablation is likely caused by the multiple
ignificant changes in LET. Given a significantly larger
blative surface and the ability to temporarily occlude PV
lood flow, it follows that the esophageal impact of balloon
ryoablation would be significantly greater than that ob-
erved with spot cryoablation.

Ripley et al7 performed a study on 16 calves with direct
pplication of both RF and cryoenergy to the cervical
sophagus. Analysis of esophageal tissues at 1, 4, 7, and 14
ays post-ablation showed esophageal ulceration, the num-
er and depth of which peaked at 4 days post-ablation, using
oth forms of energy. No significant differences were ob-
erved in lesion width, depth, or volume between the 2
nergy sources. Transmural ulcers, however, were only ob-
erved with the application of RF energy. This may be
ecause of the preservation of the structure of the connec-
ive tissue and basement membranes when ablating with
ryoenergy.8 Although important, this study only examined
he effect of direct applications of cryoenergy using a spot
ryocatheter on the esophagus for 30 seconds, a strategy not
omparable to clinical applications with the cryoballoon
atheter. Furthermore, the study suggested that esophageal

able 4 Patients showing esophageal ulceration: LET and EGD

atient I II

aseline LET 35.7°C 35.8°C
ET nadir (�LET) 20.9 °C (14.8°C) 13.8°C (22°
ignificant LET decreases, no. 6 6

EGD � esophagogastroduodenoscopy; LET � luminal esophageal temp
lceration peaks at 4 days post-ablation. Although this may r
imit our sensitivity for detecting esophageal ulceration (15
f 29 patients in the Cryoballoon group underwent endos-
opy 1 day post-ablation), it does not change the signifi-
ance of our findings; namely, that cryoenergy does injure
he esophagus, albeit reversibly. Finally, the study by Rip-
ey et al7 showed that although RF ablation lesions chron-
cally resulted in replacement of the esophageal muscular
ayer with fibrotic tissue, the cryoablated tissue chronically
ooked indistinguishable from nonablated tissue. This may
gain be because of the nature of cryoenergy, which is
elieved to affect only the cellular components, while
argely preserving the connective tissue matrix.

resent study
ryoballoon group
lthough the limited number of patients with esophageal
lceration precludes robust conclusions from this study, a
tatistically significant correlation was found between the
ncidence of esophageal ulceration after cryoballoon abla-
ion and: (1) the LET nadir observed per patient (P �
0001), (2) the number of LETs �30°C observed per patient
P �.0001), and (3) cumulative LET decrease per patient (P

.0008). No patient or procedural characteristics were
ound to be predictors of the incidence of ulceration. How-
ver, because of the limited sample size, these cannot be
emoved definitively as factors or cofactors in the incidence
f ulceration. Further studies may show significant benefit
o systematic LET monitoring during cryoablation, as has
ecome common during RF ablation, with similar early
ermination of lesions when significant temperature changes
re observed.

ryo-Focal group
t is similarly difficult to draw robust conclusions because of
small sample size, but the high incidence of esophageal

lceration typically associated with RF ablation was not
bserved in this cohort of patients. This was determined by
oth post-procedural endoscopy and high-resolution ultra-
ound in the majority of patients. However, it cannot be
tated definitively that the lack of esophageal ulcerations
as caused by the strategy of completing RF WACA lesion

ets with spot cryoablation, rather than the use of LET-
uided RF ablation alone.

linical implications
he clinical implications of the temperature changes ob-
erved with both spot and balloon cryoablation, and the
sophageal ulcerations observed with cryoballoon ablation,

I IV V VI

5.6°C 36.6°C 36.1°C 36.5°C
5.6°C (10°C) 28°C (8.6°C) 30.7°C (5.4°C) 0°C (36.5°C)

6 11 13

.

data

II

3
C) 2

2

emain unclear. On the one hand, not only were there
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ignificant esophageal temperature decreases in 93% of the
ryoballoon group and 71% of the Cryo-Focal group, but
lso there was evidence of macroscopically visible esopha-
e

eal damage in 1 of every 6 patients undergoing balloon
ryoablation. On the other hand, because lesion application
as not prematurely terminated when the esophageal tem-
erature decreased, it is reasonable to consider the observed
lceration the worst-case scenario. And despite this, all
atients were asymptomatic and the ulcers were reversible.
hen combined with the aforementioned experimental an-

mal data indicating that esophageal cryolesions heal com-
letely, the clinical importance of these ulcerations can
easonably be questioned. No compelling evidence has been
resented to warrant any change in clinical practice at this
oint. In particular, no threshold LET value was found that
ight be used to guide future cryoablation procedures.
evertheless, although there are no conclusive data avail-

ble to support the use of PPIs, there are few complications
o treatment with PPIs, and we use this as standard practice
fter balloon cryoablation. Perhaps with advances in esoph-
geal temperature monitoring, finding a threshold value
ay become feasible.
This study also suggests the importance of an awareness

f clinical findings that may be mistaken for evidence of
sophageal perforation. As shown in Figure 3C, the per-
esophageal soft tissue prominence containing hyperdensi-
ies and foci of air noted on the post-procedure CT was
isinterpreted as focal esophageal perforation. However,

his actually represented the coincidental ablation of lung
issue adjacent to the right inferior PV ostium.

Furthermore, despite the favorable data from the Cryo-
ocal group, a sample size of only 7 patients precludes any
rgument for the alteration of clinical practice at this time.
ore data are needed to determine the comparative statis-

ical significance of ulceration rates associated with this
trategy. This is particularly pressing given the increased
rocedural costs associated with the use of an additional
blation catheter per patient. Of course, the additional cost
ssociated with a combined RF/cryoablation strategy may
ot be problematic if safety and efficacy data become com-
elling.

tudy limitations
lthough not observed either in this study or in the authors’

linical experience, the LET probe may be associated with
ts own risks.6 In addition, although vertical alignment of
he esophageal temperature probe with the site of ablation
as verified with fluoroscopy, the horizontal position of the

igure 3 Patient with anterior and posterior ulceration: post-ablation
GD image of ulceration, echocardiographic image of esophageal wall,
nd CT images of chest. A. Image from post-procedural EGD showing
njury noted both anteriorly and posteriorly, accompanied by wall thick-
ning. B. Esophageal endoscopic ultrasound imaging during the post-
ryoablation EGD of patient II indicating, in the region of esophageal
lceration, wall thickening to 9 mm with periesophageal fluid, and pockets
f air. C. A CT image showing air foci that were mistakenly believed to be
ndicative for esophageal perforation; instead, they likely represent ablated
ontiguous lung tissue. CT � computed tomography; EGD �

sophagogastroduodenoscopy.
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emperature probe may be away from the site of ablation
nd therefore suboptimal. Thus, the LETs obtained do not
epresent the actual temperature changes in the esophagus,
ut rather an underestimation of the degree of temperature
ecrease.6 This may be improved in the future with ad-
ances in LET monitoring, including the use of probes with
ultiple thermocouples.
Another limitation of this study was the lack of pre-

rocedural endoscopy. Therefore, it is impossible to state
efinitively that the observed esophageal ulcerations re-
ulted completely from the ablation procedure. However, it
s very unlikely that these ulcerations existed previously:
hen present, the ulcerations were always noted at the

etrocardiac esophageal location (clearly noted by the car-
iac pulsations), a characteristic similar to RF ablation–
elated esophageal damage. As noted above, no statistically
ignificant correlation was found between a medical history

igure 4 Esophageal ulceration observed after absolute temperature
adir observed in total patient cohort. Marked anterior and posterior
lceration observed after LETs �0°C. LET � luminal esophageal
emperature.
f acid reflux and the incidence of ulceration (P � .29) or
re-procedural transesophageal echocardiography (P � .66)
Table 3).

onclusion
n those patients undergoing ablation with the cryoballoon,
he effects of cryothermal energy on the esophagus were
ost pronounced during ablation of the inferior PV. Of

hose patients undergoing cryoballoon ablation, routine
ost-procedural endoscopy showed a 17% incidence of
cute esophageal injury, but with no occurrence of clinical
ymptoms or atrial-esophageal fistula. Furthermore, statis-
ically significant correlation was found between the inci-
ence of esophageal ulceration and: (1) the LET nadir
bserved per patient, (2) the number of LETs �30°C ob-
erved per patient, and (3) cumulative LET decrease per
atient. In patients undergoing a strategy of combined RF
nd cryoablation, no esophageal injury was observed in any
atient. Future studies are required both to corroborate this
xperience and to assess whether the absence of atrial-
sophageal fistula formation is related to a potentially dis-
inct post-ablation healing process that occurs with cryoen-
rgy.
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