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BACKGROUND Atrioesophageal ﬁstula formation is a rare but
life-threatening complication of atrial ﬁbrillation ablation. Contact
force (CF)–sensing catheters improve procedural effectiveness.
However, the impact of the implementation of CF-sensing technology on the risk of atrioesophageal ﬁstula formation has not been
explored.

(P , .0001). Procedural details (CF and power settings) were not
consistently reported. Esophageal temperature increases were
detected in only 2.5% of cases (2 of 78). The mean time to presentation was 16 6 9 days. Overall mortality was at least 56%, with
patients who underwent surgical repair more likely to survive than
those treated with stenting or no intervention.

OBJECTIVE The purpose of this study was to determine the association between the use of CF-sensing catheters and atrioesophageal
ﬁstula development.

CONCLUSION Atrioesophageal ﬁstula formation accounted for a
much higher proportion of reported adverse events with
CF-sensing catheters compared with non–CF-sensing catheters.
Improved understanding of the relationship between power/force
delivery and esophageal damage is needed to minimize the risk of
atrioesophageal ﬁstula formation.

METHODS We searched the Manufacturer and User Facility Device
Experience database for adverse event reports involving Food and
Drug Administration–approved ablation catheters.
RESULTS Among 2689 device reports, we identiﬁed 78 atrioesophageal ﬁstula cases, 65 of which involved CF-sensing catheters
and 13 non–CF-sensing catheters. The percentage of total reports
involving atrioeosphageal ﬁstula was 5.4% for CF-sensing catheters
(65 of 1202) and 0.9% for non–CF-sensing catheters (13 of 1487)

Introduction

Catheter ablation of atrial ﬁbrillation (AF) is a common procedure with low overall complication rates. Atrioesophageal
ﬁstula formation is a rare event, with an estimated incidence
of less than 0.25% after traditional radiofrequency (RF) ablation.1–3 However, atrioesophageal ﬁstula represents a feared
complication of AF ablation, with mortality exceeding
60%.1–3 Pulmonary vein (PV) reconnection due to
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incomplete lesion formation is the most common cause of
arrhythmia recurrence after AF ablation.4 Catheters equipped
with contact force (CF)–sensing technology have been
widely adopted with the goal of enhanced lesion formation
and safety via detection of excessive force transmission.5,6
Optimal force delivery helps operators obtain adequate
lesion depth, but the impact of this practice on damage to
collateral structures is unknown. The purpose of this study
was to determine the association between the use of
CF-sensing catheters and atrioesophageal ﬁstula development by analyzing reports of atrioesophageal ﬁstula formation in the Manufacturer and User Facility Device
Experience (MAUDE) database.

Methods
The Food and Drug Administration (FDA) MAUDE database is a searchable online database containing medical
device reports submitted by device manufacturers and physicians. We queried MAUDE for adverse event medical device
http://dx.doi.org/10.1016/j.hrthm.2017.04.024
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Ablation catheters with manufacturer, Food and Drug Administration (FDA) approval, and contact force (CF)–sensing characteristics

Catheter

Manufacturer

FDA approval date

CF sensing?

MAUDE reports

TactiCath Quartz contact force
ThermoCool SmartTouch
FlexAbility
Therapy Cool Path Duo and Saﬁre BLU Duo
NaviStar and EZ Steer ThermoCool

St. Jude Medical
Biosense Webster
St. Jude Medical
St. Jude Medical
Biosense Webster

October 24, 2014
February 11, 2014
January 23, 2015
January 25, 2012
February 6, 2009

Yes
Yes
No
No
No

214
988
69
160
1258

reports involving CF-sensing and non–CF-sensing irrigated
catheters used for the treatment of AF or atrial ﬂutter
(Table 1). We performed a search of all adverse events classiﬁed as “Death” or “Injury” for each speciﬁc catheter. An
additional supplemental search was also performed for
“atrioesophageal ﬁstula.” CF-sensing catheters included the
ThermoCool SmartTouch catheter (Biosense Webster Inc.,
Diamond Bar, CA), which received FDA approval for use
in AF on February 11, 2014, and the TactiCath Quartz catheter (St. Jude Medical Inc., St. Paul, MN), which was
approved by the FDA on October 24, 2014. Non–CF-sensing
catheters included the ThermoCool NaviStar and EZ Steer
catheters (Biosense Webster; FDA approved on February 6,
2009), Therapy Cool Path Duo and Saﬁre BLU Duo ablation
catheters (St. Jude Medical, FDA approved on January 25,
2012), and the steerable FlexAbility ablation catheter
(St. Jude Medical, FDA approved on January 23, 2015).
Medical device reports were manually reviewed, and
cases involving atrioesophageal ﬁstula formation were
selected for inclusion. These reports were then reviewed for
patient characteristics, report date, event date, symptoms on
presentation, ablation procedural details (including the use
of esophageal temperature monitoring), ﬁstula repair or
esophageal stenting, and ultimate outcome. In cases where
explicit statements about the timing of atrioesophageal ﬁstula
presentation were not present, this variable was not reported.
The percentage of adverse events that were due to atrioesophageal ﬁstulas were compared between CF and non-CF
using the Fisher exact test.

Results
A total of 2689 MAUDE database medical device reports
were identiﬁed, including 1202 for CF-sensing catheters
and 1487 for non–CF-sensing catheters (Table 1). Reports
spanned from October 4, 2010, to December 1, 2016. Manual
review of these reports revealed 78 cases of atrioesophageal
ﬁstula formation. Sixty-ﬁve of the reports involved the use of
CF-sensing catheters and 13 non–CF-sensing catheters
(Figure 1). The percentage of total reports of injury or death
identiﬁed for atrioesophageal ﬁstula was 5.4% for
CF-sensing catheters (65 of 1202) and 0.9% for non–
CF-sensing catheters (13 of 1487) (P ,.0001) (Figure 1).
MAUDE database entries of adverse events with
CF-sensing catheters involved the use of ThermoCool SmartTouch in 988 reports and TactiCath in 214 reports. The overall proportion of adverse event reports representing
atrioesophageal ﬁstula was similar among the 2 types of

CF-sensing catheters (6.1% of the total reports for TactiCath
and 5.3% for ThermoCool SmartTouch; P 5 .6).
Procedural details for cases resulting in atrioesophageal
ﬁstula formation involving the use of CF-sensing and non–
CF-sensing catheters are listed in Supplemental Tables S1
and S2, respectively. Esophageal temperature monitoring
was reported in 42% of overall cases (n 5 33), with a rise
in esophageal temperature above 37 C noted in only 2.5%
of reports (n 5 2). The majority of cases did not provide information about device settings such as power or impedance
changes. Among the minority of cases (19 of 65 [29%]) with
CF-sensing catheters that reported power settings on the posterior wall, the average maximal power delivered was 30 6
7.8 W, with a range of 20–40 W. Among the atrioesophageal
ﬁstula cases reported with CF-sensing catheters, esophageal
temperature monitoring was reported in 49% of cases
(n 5 32). In cases where recorded temperatures were reported
(11 of 32 [34%]), 7 reported no temperature rise above 37 C
and 4 reported no rise above 38.5 C. There was a broad range
in time to presentation, ranging from immediately to 1 month
after index ablation. The mean time to presentation was 16 6
9 days. Figure 2 illustrates the presenting signs and symptoms among the CF-sensing catheter cases. The most common presenting symptoms were chest pain, neurological/
stroke-like symptoms, and dysphagia/odynophagia.
Esophageal surgical repair was reported in 42% of patients
(n 5 33), while 14% underwent esophageal stenting
(n 5 11). No intervention was reported in the remaining
44% of patients (n 5 34). Mortality was high, with death
occurring in 56% (n 5 44), stable condition at last followup reported in 31% (n 5 24), and no outcome reported in
13% (n 5 10). Compared with those in which no intervention
was reported, patients who underwent surgical ﬁstula repair
were more likely to survive (Figure 3).

Discussion

In our analysis of atrioesophageal ﬁstula formation after catheter ablation with CF-sensing and non–CF-sensing catheters,
there are several major ﬁndings. First, the occurrence of atrioesophageal ﬁstula formation accounted for a 5-fold higher
proportion of all MAUDE medical device reports of injury or
death with CF-sensing catheters compared with non–
CF-sensing catheters. Second, the proportion of injury or
death due to reported atrioesophageal ﬁstula was similar in
spring-based (ThermoCool SmartTouch) and ﬁberoptic
sensor–based (TactiCath) CF-sensing catheters. Third, the
fatality rate in reported cases of atrioesophageal ﬁstula is
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Figure 1 Atrioesophageal ﬁstula cases: contact force vs non–contact force. AE 5 atrioesophageal; CF 5 contact force–sensing catheter;
MAUDE 5 Manufacturer and User Facility Device Experience. Non-CF 5 non–contact force–sensing catheter.

greater than 50% and surgical repair appears to be associated
with a higher rate of survival.
CF-sensing catheters have been evaluated in prospective
clinical trials, and they appear to be safe and effective.5,6
Overall, CF-sensing technology has been shown to result
in more durable PV isolation and reduce AF recurrence
rates.7 Furthermore, a relationship between optimal CF
and ablation outcomes has emerged.8,9 In the prospective
randomized TOCCASTAR trial, operators who delivered
consistently “optimal” CF (deﬁned as .90% ablation
procedures of .10 g force) had signiﬁcantly fewer AF
recurrences at follow-up.6 Mean force delivery in the
optimal CF group was signiﬁcantly higher (26.5 g vs
19.2 g; P , .001).6 Overall, these data support the concept
that adequate CF results in more durable PV isolation and
procedural efﬁcacy.

While the relatively small clinical trials have not suggested any major or large differences in procedural safety
with CF-sensing catheters, we found that reports of atrioesophageal ﬁstula were much more likely to involve the use of
CF-sensing catheters than of traditional RF ablation catheters. No such trend has been previously noted in the literature.
In 2015, a meta-analysis including 552 patients treated with
CF-sensing catheters reported no cases of atrioesophageal ﬁstula and found a similar overall major complication rate
(1.3% vs 1.9%; P 5 .45) between non-CF and CF cases.10
Operators using CF-sensing technology to target optimal
CF may ablate longer and with greater force than those using
traditional catheters. Considering that formation of atrioesophageal ﬁstula presumably involves thermal injury to the
esophageal mucosa,11 increased energy delivery with
CF-sensing–guided ablation might increase the risk of

Black-Maier et al

Figure 2

CF-Sensing Ablation and AE Fistulas

Major presenting symptoms of atrioesophageal ﬁstula.

atrioesophageal ﬁstula. While device manufacturers recommend a maximum CF of 30 g on the basis of data from animal
models, this safety threshold has not been validated in humans.12,13 Operators currently attempt to reduce the risk of
atrioesophageal ﬁstula formation by minimizing ablation
power on the posterior atrial wall. However, other ablation
characteristics such as the duration of energy application
may represent equally important parameters with respect to
atrioesophageal ﬁstula formation. Bhaskaran et al14 found
that high power, shorter duration (50–80 W for 5 seconds)
ablation procedures achieved equivalent lesion depth with
fewer complications than did low power, longer duration
lesion sets (40 W for 30 seconds). Overall, our ﬁndings
highlight a need for an improved understanding of optimal
power delivery in ablation using CF-sensing catheters on

Figure 3 Outcome by intervention type. Patients designated as having
received a stent underwent esophageal stenting. Repair indicates patients
who underwent surgical repair. Dead 5 patient was reported to have died
of a complication of their ﬁstula; Stable 5 patient reported alive or clinically
stable at last follow-up.
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the posterior wall, particularly as posterior wall isolation
becomes more common in ablation of persistent AF.
Currently available CF-sensing catheters use springcoupled (SmartTouch) and ﬁberoptic mediated (TactiCath)
sensing technology. Overall, the relative percentage of atrioesophageal ﬁstula reports with each catheter was similar. The
major adverse event rate in SMART-AF did not differ
between spring-coupled (SmartTouch) and traditional catheters, with no cases of atrioesophageal ﬁstula.5 However, all 4
cases of pericardial tamponade in SMART-AF involved the
use of CF in excess of 40 g.5 TOCCASTAR also reported
no signiﬁcant difference in the major adverse event rate
between ﬁberoptic mediated CF-sensing (TactiCath) and
traditional RF ablation technology, with no cases of atrioesophageal ﬁstula in either group.6 Consistent with our ﬁndings,
there are no data to suggest that 1 particular form of
CF-sensing technology poses a higher risk of atrioesophagealﬁstula formation.
Presentation of atrioesophageal ﬁstula tended to be delayed with a mean presentation of 16 days after ablation,
similar to prior published reports.3 Patients who underwent
surgical atrioesophageal ﬁstula repair were more likely to
survive than those who underwent esophageal stenting or
no repair. Although these ﬁndings are likely confounded by
signiﬁcant selection bias, previous studies have also suggested that surgical repair may be superior to stenting.15,16
In a case series of 9 patients undergoing intervention for
atrioesophageal ﬁstula, Mohanty et al15 found that 100% of
patients (5 of 5) managed with esophageal stenting expired
within 1 week while 100% patients (4 of 4) who underwent
surgical repair were alive at a mean follow-up of 2.1 years.
Another retrospective analysis of 29 patients treated for atrioesophageal ﬁstula reported 41% mortality in patients undergoing surgical repair and 100% with esophageal
stenting.16 In a systematic review of 53 case reports, Chavez
et al17 also found signiﬁcantly better survival with surgical
repair compared with nonoperative management (83% vs
34%; P , .05). Therefore, our ﬁndings provide further evidence in favor of esophageal repair over stenting in patients
stable enough to undergo surgery.
Atrioesophageal ﬁstula formation occurred in the absence
of changes in luminal esophageal temperature (LET) in the
majority of patients in which temperature monitoring was reported (31 of 33). It is important to note that there is no way of
knowing whether the esophageal probe electrodes were positioned appropriately across the vein being ablated in these
MAUDE reported cases. The literature on the impact of
LET monitoring on esophageal thermal damage is controversial. In a study that demonstrated decreased esophageal ulceration with LET, there was no relationship between maximal
LET and esophageal lesion formation in the monitored
group.18 Furthermore, the analysis was confounded by
greater use of general anesthesia in the non-LET group
(43% vs 13%), which is of particular signiﬁcance considering
the strong association between general anesthesia and
endoscopically detected mucosal lesions.18,19 Standard
temperature probes signiﬁcantly underestimate esophageal
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wall temperature,20 and there is substantial variation in sensitivity by device (eg, esophageal probe vs stethoscope and
multisensor vs single sensor).21 Muller et al22 recently found
endoscopically detected esophageal lesion formation to be
more common after ablation in patients who underwent
LET monitoring (30% vs 2.5%; P,0.01). These surprising
ﬁndings may be mechanistically explained by heat transfer
from the RF ablation catheter tip to uninsulated metal temperature probes, increasing temperatures in adjacent esophageal
tissue.23 Alternatively, a lack of temperature rise in patients
who undergo LET monitoring may give the operator a false
sense of safety to increase power delivery or ablation duration on the posterior wall. Further studies are clearly needed
to critically appraise the role of esophageal temperature
monitoring in AF ablation.
Our study ﬁndings highlight the strengths and limitations
of the MAUDE database and highlight the need for more
granular and systematic monitoring of adverse events related
to catheter ablation. Additional postmarketing surveillance
tools are on the horizon to help answer important questions
about rare complications. The development of the Global
Unique Device Identiﬁcation Database and standardization
of Unique Device Identiﬁers will allow more convenient
adverse event reporting.24 The American Heart Association’s
Get With the Guidelines-AFIB registry ablation module and
National Cardiovascular Data Registry AFib Ablation Registry will provide additional data to facilitate monitoring and
analysis of rare adverse events such as atrioesophageal ﬁstula
formation. These registries will likely facilitate additional
comparisons between CF and non-CF ablation catheters
with respect to outcomes and adverse events.

Study limitations
As noted in the already published analyses of the MAUDE
data, there are several limitations that should be kept in
mind when considering these data.25,26 Adverse events in
clinical practice are not routinely reported to MAUDE
despite FDA recommendations. In addition, these data can
only provide relative proportions of frequencies, as the
denominator for the use of these catheters is unknown. For
example, an overall decrease in the adverse event rate
secondary to CF-sensing technology could misleadingly
create an increase in the proportion of atrioesophageal event
reports. Finally, reports in MAUDE are not independently
veriﬁed. However, atrioesophageal ﬁstula formation is a
rare event and so systematic nationwide assessment is challenging. Thus, the MAUDE data present a unique opportunity to assess rare adverse events encountered with devices.

Conclusion

Atrioesophageal ﬁstula formation is a rare complication of
catheter ablation with high mortality. CF-sensing catheters
enhance procedural efﬁcacy, but their use may be associated
with increased rates of atrioesophageal ﬁstula formation. The
role of esophageal temperature monitoring in preventing atrioesophageal ﬁstula appears limited. Overall mortality is
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high, with surgical repair offering the best chance of survival.
Further studies are needed to deﬁne ablation approaches that
minimize esophageal injury.

Appendix
Supplementary data
Supplementary data associated with this article can be found
in the online version at http://dx.doi.org/10.1016/j.hrthm.
2017.04.024.

References
1. Cappato R, Calkins H, Chen SA, Davies W, Iesaka Y, Kalman J, Kim YH,
Klein G, Natale A, Packer D, Skanes A. Prevalence and causes of fatal outcome
in catheter ablation of atrial ﬁbrillation. J Am Coll Cardiol 2009;53:1798–1803.
2. Ghia KK, Chugh A, Good E, Pelosi F, Jongnarangsin K, Bogun F, Morady F,
Oral H. A nationwide survey on the prevalence of atrioesophageal ﬁstula after
left atrial radiofrequency catheter ablation. J Interv Card Electrophysiol 2009;
24:33–36.
3. Barbhaiya CR, Kumar S, John RM, Tedrow UB, Koplan BA, Epstein LM,
Stevenson WG, Michaud GF. Global survey of esophageal and gastric injury in
atrial ﬁbrillation ablation: incidence, time to presentation, and outcomes. J Am
Coll Cardiol 2015;65:1377–1378.
4. Ouyang F, Tilz R, Chun J, Schmidt B, Wissner E, Zerm T, Neven K, Kokturk B,
Konstantinidou M, Metzner A, Fuernkranz A, Kuck KH. Long-term results
of catheter ablation in paroxysmal atrial ﬁbrillation: lessons from a 5-year
follow-up. Circulation 2010;122:2368–2377.
5. Natale A, Reddy VY, Monir G, et al. Paroxysmal AF catheter ablation with a contact force sensing catheter: results of the prospective, multicenter SMART-AF
trial. J Am Coll Cardiol 2014;64:647–656.
6. Reddy VY, Dukkipati SR, Neuzil P, et al. Randomized, controlled trial of the safety
and effectiveness of a contact force-sensing irrigated catheter for ablation of paroxysmal atrial ﬁbrillation: results of the TactiCath Contact Force Ablation Catheter
Study for Atrial Fibrillation (TOCCASTAR) Study. Circulation 2015;132:907–915.
7. Afzal MR, Chatta J, Samanta A, Waheed S, Mahmoudi M, Vukas R, Gunda S,
Reddy M, Dawn B, Lakkireddy D. Use of contact force sensing technology during radiofrequency ablation reduces recurrence of atrial ﬁbrillation: a systematic
review and meta-analysis. Heart Rhythm 2015;12:1990–1996.
8. Reddy VY, Shah D, Kautzner J, et al. The relationship between contact force and
clinical outcome during radiofrequency catheter ablation of atrial ﬁbrillation in
the TOCCATA study. Heart Rhythm 2012;9:1789–1795.
9. Neuzil P, Reddy VY, Kautzner J, Petru J, Wichterle D, Shah D, Lambert H,
Yulzari A, Wissner E, Kuck K-H. Electrical reconnection after pulmonary vein
isolation is contingent on contact force during initial treatment: results from the
EFFICAS I study. Circ Arrhythm Electrophysiol 2013;6:327–333.
10. Shurrab M, Di Biase L, Briceno DF, Kaoutskaia A, Haj-Yahia S, Newman D,
Lashevsky I, Nakagawa H, Crystal E. Impact of contact force technology on atrial
ﬁbrillation ablation: a meta-analysis. J Am Heart Assoc 2015;4:e002476.
11. Gillinov AM, Pettersson G, Rice TW. Esophageal injury during radiofrequency
ablation for atrial ﬁbrillation. J Thorac Cardiovasc Surg 2001;122:1239–1240.
12. Ikeda A, Nakagawa H, Lambert H, Shah DC, Fonck E, Yulzari A, Sharma T,
Pitha JV, Lazzara R, Jackman WM. Relationship between catheter contact force
and radiofrequency lesion lize and incidence of steam pop in the beating canine
heart: electrogram amplitude, impedance, and electrode temperature are poor
predictors of electrode-tissue contact force and lesion Size. Circ Arrhythm
Electrophysiol 2014;7:1174–1180.
13. Thiagalingam A, D’Avila A, Foley L, Guerrero JL, Lambert H, Leo G, Ruskin JN,
Reddy VY. Importance of catheter contact force during irrigated radiofrequency
ablation: evaluation in a porcine ex vivo model using a force-sensing catheter. J
Cardiovasc Electrophysiol 2010;21:806–811.
14. Bhaskaran A, Chik W, Pouliopoulos J, Nalliah C, Qian P, Barry T, Nadri F,
Samanta R, Tran Y, Thomas S, Kovoor P, Thiagalingam A. Five seconds of
50-60 W radio frequency atrial ablations were transmural and safe: an in vitro
mechanistic assessment and force-controlled in vivo validation [published online
ahead of print May 20, 2016]. Europace.pii: euw077.
15. Mohanty S, Santangeli P, Mohanty P, et al. Outcomes of atrioesophageal ﬁstula
following catheter ablation of atrial ﬁbrillation treated with surgical repair versus
esophageal stenting. J Cardiovasc Electrophysiol 2014;25:579–584.
16. Singh SM, d’Avila A, Singh SK, Stelzer P, Saad EB, Skanes A, Aryana A,
Chinitz JS, Kulina R, Miller MA, Reddy VY. Clinical outcomes after repair of
left atrial esophageal ﬁstulas occurring after atrial ﬁbrillation ablation procedures.
Heart Rhythm 2013;10:1591–1597.

Black-Maier et al
17.

18.

19.

20.

21.

CF-Sensing Ablation and AE Fistulas

Chavez P, Messerli FH, Casso Dominguez A, Aziz EF, Sichrovsky T, Garcia D,
Barrett CD, Danik S. Atrioesophageal ﬁstula following ablation procedures for
atrial ﬁbrillation: systematic review of case reports. Open Heart 2015;2:e000257.
Singh SM, d’Avila A, Doshi SK, Brugge WR, Bedford RA, Mela T, Ruskin JN,
Reddy VY. Esophageal injury and temperature monitoring during atrial ﬁbrillation ablation. Circ Arrhythm Electrophysiol 2008;1:162–168.
Di Biase L, Saenz LC, Burkhardt DJ, et al. Esophageal capsule endoscopy after
radiofrequency catheter ablation for atrial ﬁbrillation: documented higher risk
of luminal esophageal damage with general anesthesia as compared with
conscious sedation. Circ Arrhythm Electrophysiol 2009;2:108–112.
Cummings JE, Barrett CD, Litwak KN, et al. Esophageal luminal temperature
measurement underestimates esophageal tissue temperature during radiofrequency ablation within the canine left atrium: comparison between 8 mm tip
and open irrigation catheters. J Cardiovasc Electrophysiol 2008;19:641–644.
Gianni C, Atoui M, Mohanty S, et al. Difference in thermodynamics between two
types of esophageal temperature probes: insights from an experimental study.
Heart Rhythm 2016;13:2195–2200.

1333
22.

23.

24.
25.

26.

Muller P, Dietrich JW, Halbfass P, Abouarab A, Fochler F, Szollosi A,
Nentwich K, Roos M, Krug J, Schade A, Mugge A, Deneke T. Higher incidence
of esophageal lesions after ablation of atrial ﬁbrillation related to the use of esophageal temperature probes. Heart Rhythm 2015;12:1464–1469.
Nguyen DT, Barham W, Zheng L, Dinegar S, Tzou WS, Sauer WH. Effect of
radiofrequency energy delivery in proximity to metallic medical device components. Heart Rhythm 2015;12:2162–2169.
Food and Drug Administration, HHS. Unique device identiﬁcation system; ﬁnal
rule. Fed Regist 2013;78:58785–58828.
Chatterjee S, Herrmann HC, Wilensky RL, Hirshfeld J, McCormick D,
Frankel DS, Yeh RW, Armstrong EJ, Kumbhani DJ, Giri J. Safety and procedural
success of left atrial appendage exclusion with the Lariat device: a systematic review of published reports and analytic review of the FDA MAUDE database.
JAMA Intern Med 2015;175:1104–1109.
John RM, Kapur S, Ellenbogen KA, Koneru JN. Atrioesophageal ﬁstula formation with cryoballoon ablation is most commonly related to the left inferior
pulmonary vein. Heart Rhythm 2017;14:184–189.

