
G & H  C l i n i C a l  C a s e  s t u d i e sG & H  C l i n i C a l  C a s e  s t u d i e s

Esophageal Injury Following 
Radiofrequency Ablation for Atrial 
Fibrillation: Injury Classification
Jonathan Keshishian, MD 
Juan Young, MD 
Eric Hill, MD 
Yasser Saloum, MD 
Patrick G. Brady, MD

Division of Digestive Diseases and Nutrition,  
University of South Florida College of Medicine  
and Tampa General Hospital, Tampa, Florida

Address correspondence to:
Dr. Patrick G. Brady, Division of Digestive Diseases and Nutrition, University 
of South Florida College of Medicine, 12901 Bruce B. Downs Blvd., MDC 82, 
Tampa, FL 33612; Fax: 813-974-2034; E-mail: pbrady@health.usf.edu

Atrial fibrillation is a major cause of stroke and the 
most common arrhythmia that is clinically signifi-
cant, with prevalence rates of 3.8% in individu-

als 60 years of age or older and 9.0% in individuals over  
80 years of age.1 In 2001, the prevalence of atrial fibrilla-
tion was projected to increase 2.5-fold by 2050 due to the 
rapidly growing elderly population.1 As a result, there has 
been an increase in radiofrequency ablation (RFA) tech-
niques to treat paroxysmal and persistent atrial fibrillation. 
In the maze procedure, which was developed in 1991 by 
Cox, incisions are made within the left atrium (LA) to 
interrupt the reentrant circuits responsible for atrial fibril-
lation.2,3 However, due to the procedure’s long operative 
time and morbidity rate, most clinicians have adopted a 
variation of the procedure which uses intra operative and 
percutaneous RFA to create transmural lines of electri-
cally inactive scar tissue within the LA endocardially and 
within the right atrium epicardially.4 The approach to 
RFA changed dramatically in 1998 with the discovery by 
Haïssaguerre and associates that the majority of ectopic 
atrial beats originated somewhere within 1 or more of the 
4 pulmonary veins (PVs) due to the extension of muscular 
bands from the LA into the PVs.5 Following this discov-
ery, mapping and ablation of arrhythmogenic foci of both 
the PVs and the LA have been performed, with today’s 
procedures showing success rates of 60–90%.6-10

Although RFA has been effective at treating atrial 
fibrillation, complications have been reported in the 
literature, the most serious of which is a left atrial-
esophageal fistula that forms secondary to thermal 
esophageal injury.11-15 Despite the possibility of RFA 
inducing esophageal injury, few endoscopic studies have 

examined the esophagus following RFA, and no stud-
ies have attempted to classify lesions in order to stratify 
patients for post operative follow-up.16-19 This case series 
consists of 3 patients who underwent percutaneous RFA 
and experienced acute onset of esophageal symptoms. 
As these cases illustrate the spectrum of injury that can 
develop from thermal injury to the esophagus, these 
findings were used to propose a classification system for 
determining patient follow-up.

Case Reports

Patient #1
A 53-year-old white woman presented with acute retroster-
nal chest pain, dysphagia, and odynophagia 1 day after 
undergoing RFA of the PVs. The patient was afebrile with 
stable vital signs, and her laboratory studies had no signifi-
cant abnormalities. An electrocardiogram showed normal 
sinus rhythm with no ST-T wave abnormalities. The patient 
subsequently underwent an esophagogastroduodenoscopy 
(EGD), which revealed a small ulcer with adherent exudate 
at 25 cm, a finding that was consistent with thermal injury 
(Figure 1). The patient was instructed to take sucralfate 1 g 
three times daily and to adhere to a clear liquid diet until 
her symptoms resolved. One week later, she had complete 
resolution of her symptoms and had resumed a regular diet 
without any further complications.

Patient #2 
A 69-year-old white man presented with complaints 
of dysphagia 1 day after undergoing RFA of the PVs 
and tricuspid isthmus. He was afebrile with stable vital 
signs, and his laboratory studies had unremarkable find-
ings. The patient was referred to our service for further 
evaluation of possible thermal injury. An EGD showed a 
6-mm linear ulcer on the anterior wall of the esophagus at  
35 cm, as well as an adjacent 2-mm ulcer; both lesions 
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were covered with a black coagulum (Figure 2). The 
patient was instructed to remain nil per os with total 
parenteral nutrition and was started on pantoprazole  
40 mg twice daily and sucralfate 1 g four times daily. 
A repeat EGD obtained 1 week later revealed 2 healing 
ulcers on the anterior esophageal wall at 36 cm with 
minimal erythema. The patient was advanced to a soft 
mechanical diet and continued on pantoprazole and 
sucralfate therapy, with another EGD scheduled for the 
following week. The third EGD demonstrated minimal 
erythema on the anterior esophageal wall at 35 cm. The 
patient was advanced to a regular diet, and no further 
endoscopies were required. The patient remained afebrile, 
with resolution of his symptoms following the final EGD.

Patient #3
A 63-year-old white woman was referred to our service 
with complaints of nausea and worsening, severe (10/10), 
epigastric abdominal pain that radiated to her back  
5 days following RFA of the PVs. These symptoms had 
predated the procedure by 2 months and were thought 
to be unrelated to it. Her laboratory studies were remark-
able only for anemia (hemoglobin level, 10.0 g/dL). An 
electrocardiogram revealed normal sinus rhythm with 
nonspecific T-wave changes. Due to the worsening nature 
of her epigastric pain, presence of anemia, and history of 
RFA, an EGD was performed. This procedure revealed 
a large adherent clot on the anterior esophageal wall at 
30 cm, which was overlying a visible vessel (Figure 3). 
No active bleeding was noted at that time. After cardio-
thoracic surgery consultation, the patient underwent 
a computed tomography (CT) scan of the chest. The 
scan did not show any signs of esophageal thickening 
or pneumomediastinum. A barium swallow study did 
not show any signs of perforations or fistulous tracts. 
A repeat EGD obtained 3 days after the initial study 
revealed a large healing ulcer at 30 cm with a new bluish 

circumferential discoloration of the esophageal mucosa 
at 17–24 cm. As there were no signs of perforation on 
any of these studies and the ulcer appeared to be heal-
ing, the patient was discharged home with instructions to 
take pantoprazole 40 mg twice daily and sucralfate liquid  
1 g four times daily. A repeat EGD was scheduled for  
1 month later to confirm healing of the esophageal ulcer.

The patient presented on Postoperative Day 17 with 
acute-onset chest pain and fever. A CT scan of the chest 
revealed pneumomediastinum and pneumopericardium 
with a moderate pericardial effusion, suggestive of an esoph-
agopericardial fistula and esophageal perforation. During 
an emergent thoracotomy, a 1-cm esophageal perforation 
was discovered and repaired just posterior to the LA; in 
addition, a pericardial window was created for drainage of 
a pericardial empyema. Extensive irrigation of the pleural 
and pericardial cavities was performed, and 2 chest tubes 
were placed bilaterally. Gastrografin studies continued 
to show persistent leaks with high chest tube outputs on  
2 separate occasions; therefore, after 1 month of conserva-
tive therapy, the patient underwent an esophagectomy with 
gastric pull-up. During the procedure, a large esophageal 
perforation (0.9 cm in diameter) was noted.

 
discussion

Esophageal injury is a known complication of RFA of the 
PVs and LA for treatment of atrial fibrillation. The etiology 
of the injury is multifactorial. As stated by Gillinov and 
associates, the goal of RFA is to create a series of transmu-
ral lesions in the LA; however, only the temperature and 
duration of the energy delivered can be controlled.13 There 
is no way to control the depth of the lesion created; thus, 
it is possible to create a nontransmural lesion, resulting 
in an unsuccessful operation, or a lesion that is too deep, 
consequently causing injury to adjacent structures. Addi-
tionally, it has been shown that intestinal tissue is far more 

Figure 1. Mucosal erythema with adherent exudate. Figure 2. Shallow ulceration covered with black coagulum. 
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susceptible to radiofrequency-induced thermal injury than 
muscle tissue and that the convection of heat generated 
within the LA by the ablation probe can result in esopha-
geal injury without the probe coming into direct contact 
with the esophagus.12

In order to establish a better understanding of the ana-
tomic relationship between the esophagus and the posterior 
LA wall, Sánchez-Quintana and colleagues conducted a 
study to examine the course of the esophagus by gross dissec-
tion.20 In 40% of the cadaveric specimens, there was less than 
5 mm between the esophagus and the LA endocardium.20 
The thinnest layer of the fat pad has been consistently seen at 
the level of the inferior PVs, explaining the close proximity of 
the esophagus and the inferior PVs.21 Furthermore, anterior 
to the esophageal adventitia are the esophageal arteries and 
vagus nerve plexus, which can be easily injured with trans-
mural ablation of the LA or PVs. Damage to these structures 
could cause neurovascular compromise of the esophagus, 
leading to necrosis and perforation.

Esophageal injury secondary to RFA was first described 
in 2001; the patient presented 9 days after RFA with an 
elevated white blood cell count, odynophagia, and a trans-
mural esophageal perforation of the anterior wall that was 
fatal.13 Doll and coworkers found that 4 of 387 patients 
(1%) who underwent intraoperative RFA developed left 
atrial-esophageal fistulae that were diagnosed secondary to 
neurologic defects from air emboli, massive hematemesis, 
or septic shock.12 Although all of these patients had unre-
markable early postoperative courses, they began to develop 
signs of perforation 6–12 days following RFA. 

Following these reports of esophageal injury with  
intraoperative RFA, the first reports of atrial-esophageal 
fistula formation following percutaneous RFA came from 
Scanavacca and associates and Pappone and colleagues in 
2004.10,15 In these reports, 3 patients presented with non-
specific signs and symptoms, including persistent fever, dys-
phagia, odynophagia, sepsis, endocarditis, and neurologic 

ischemia.10,15 These patients presented to their physicians 
10–21 days following RFA, but esophageal injury was not 
initially considered in the differential diagnosis. Cummings 
and coworkers reported on 9 fatal cases of atrial-esophageal 
fistula formation in a retrospective case series based on 
anonymous identification in 2006.11 These 9 patients pre-
sented 10–16 days postoperatively with a constellation of 
symptoms similar to those previously reported. However, 
only 4 patients received the correct diagnosis before death; 
the remaining patients were diagnosed at autopsy. Due to 
the considerable delay in diagnosis, Dagres and colleagues 
attempted to identify criteria for rapid detection of esopha-
geal perforation.22 The researchers found that, although 
symptoms were generally nonspecific, patients presented 
with 2 distinct symptoms (fever and severe chest or epigas-
tric pain) that occurred 1–4 weeks following the procedure.

Esophageal perforation following RFA is rare but fatal. 
Therefore, it is imperative for physicians to consider this 
complication in the differential diagnosis, as early inter-
vention is essential for avoiding mortality. The 3 patients 
presented in this case series demonstrate the spectrum of 
esophageal injury that can occur following RFA. Atrial-
esophageal fistula formation appears to usually take at least 
1 week, which allows an EGD to be performed within 
24–72 hours of RFA with a low likelihood of inducing air 
embolization. Although endoscopic analyses of the esopha-
gus have been performed for thermal injury, there has been 
no attempt to classify these injuries with the intention of 
stratifying patients for further follow-up.19,23 The following 
injury classification system is proposed based on endoscopic 
findings to facilitate rapid detection and management of 
these patients.

Class I Thermal Injury
Patients with this injury have erythema or discoloration of 
the anterior esophageal wall with minimal mucosal disrup-
tion. These lesions should be shallow erosions without vessel 
involvement and should be less than 5 mm, as illustrated by 
Patient #1. These patients appear to have a low risk of frank 
perforation, and they can be managed with proton pump 
inhibitors and sucralfate, with clinical follow-up to assess for 
symptom worsening.

Class II Thermal Injury
As demonstrated by Patient #2, patients with this degree 
of injury have ulcers of the anterior esophageal wall with 
or without exudate. These lesions tend to penetrate further 
into the esophageal wall, without extension into the muscu-
laris externa. In addition, these lesions should not have an 
overlying clot or vessel involvement. Patients with this injury 
appear to have an intermediate risk of developing a perfora-
tion. In addition to medical management with proton pump 
inhibitors and sucralfate, these patients require close follow-
up and repeat endoscopy to ensure lesion improvement. 

Figure 3. Deep ulceration with an adherent clot. 
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Class III Thermal Injury
Patients with this degree of injury have deep ulceration 
that extends into and beyond the muscularis. These 
lesions can have evidence of eschar formation, overly-
ing clot, or necrosis. The lesions may also have vascular 
involvement, as shown by Patient #3. As a result, there 
is an increased probability of compromising tissue blood 
flow and worsening injury. Patients with this injury have 
a high risk of developing an esophageal perforation and 
atrial-esophageal fistula. They should be considered nil 
per os and started on medical therapy. Cardiothoracic 
surgery consultation is warranted as well as a CT scan of 
the chest. If imaging findings do not require an emergent 
operation, a repeat endoscopy can be considered to reas-
sess healing of the ulcer. 

Conclusion

Larger prospective studies are necessary to evaluate the 
usefulness of this classification system as well as the pro-
posed follow-up guidelines. In addition, more in-depth 
evaluation of these lesions should be considered via endo-
scopic ultrasound to further quantify the extent of injury 
to the esophagus as well as the surrounding tissue.24

References

1. Go AS, Hylek EM, Phillips KA, et al. Prevalence of diagnosed atrial fibrillation 
in adults: national implications for rhythm management and stroke prevention: 
the Anticoagulation and Risk Factors in Atrial Fibrillation (ATRIA) Study. JAMA. 
2001;285:2370-2375.
2. Cox JL. The surgical treatment of atrial fibrillation. IV. Surgical technique.  
J Thorac Cardiovasc Surg. 1991;101:584-592.
3. Cox JL, Schuessler RB, Lappas DG, Boineau JP. An 8 1/2-year clinical experience 
with surgery for atrial fibrillation. Ann Surg. 1996;224:267-273; discussion 273-275.
4. Raman JS, Seevanayagam S, Storer M, Power JM. Combined endocardial and 
epicardial radiofrequency ablation of right and left atria in the treatment of atrial 
fibrillation. Ann Thorac Surg. 2001;72:S1096-S1099.
5. Haïssaguerre M, Jaïs P, Shah DC, et al. Spontaneous initiation of atrial fibrillation 
by ectopic beats originating in the pulmonary veins. N Engl J Med. 1998;339:659-666.
6. Marrouche NF, Dresing T, Cole C, et al. Circular mapping and ablation of 
the pulmonary vein for treatment of atrial fibrillation: impact of different catheter 
technologies. J Am Coll Cardiol. 2002;40:464-474.
7. Pappone C, Oreto G, Rosanio S, et al. Atrial electroanatomic remodeling 
after circumferential radiofrequency pulmonary vein ablation: efficacy of an ana-
tomic approach in a large cohort of patients with atrial fibrillation. Circulation. 
2001;104:2539-2544.
8. Lin WS, Tai CT, Hsieh MH, et al. Catheter ablation of paroxysmal atrial fibril-
lation initiated by non-pulmonary vein ectopy. Circulation. 2003;107:3176-3183.
9. Oral H, Scharf C, Chugh A, et al. Catheter ablation for paroxysmal atrial 
fibrillation: segmental pulmonary vein ostial ablation versus left atrial ablation. 
Circulation. 2003;108:2355-2360.
10. Pappone C, Manguso F, Vicedomini G, et al. Prevention of iatrogenic atrial 
tachycardia after ablation of atrial fibrillation: a prospective randomized study 
comparing circumferential pulmonary vein ablation with a modified approach. 
Circulation. 2004;110:3036-3042.
11. Cummings JE, Schweikert RA, Saliba WI, et al. Brief communication: atrial-
esophageal fistulas after radiofrequency ablation. Ann Intern Med. 2006;144:572-574.
12. Doll N, Borger MA, Fabricius A, et al. Esophageal perforation during left atrial radio-
frequency ablation: is the risk too high? J Thorac Cardiovasc Surg. 2003;125:836-842.
13. Gillinov AM, Pettersson G, Rice TW. Esophageal injury during radio-
frequency ablation for atrial fibrillation. J Thorac Cardiovasc Surg. 2001;122:
1239-1240.

14. Pappone C, Oral H, Santinelli V, et al. Atrio-esophageal fistula as a com-
plication of percutaneous transcatheter ablation of atrial fibrillation. Circulation. 
2004;109:2724-2726.
15. Scanavacca MI, D’Avila A, Parga J, Sosa E. Left atrial-esophageal fistula fol-
lowing radiofrequency catheter ablation of atrial fibrillation. J Cardiovasc Electro-
physiol. 2004;15:960-962.
16. Cummings JE, Schweikert RA, Saliba WI, et al. Assessment of temperature, 
proximity, and course of the esophagus during radiofrequency ablation within the 
left atrium. Circulation. 2005;112:459-464.
17. Marrouche NF, Guenther J, Segerson NM, et al. Randomized comparison 
between open irrigation technology and intracardiac-echo-guided energy delivery 
for pulmonary vein antrum isolation: procedural parameters, outcomes, and the 
effect on esophageal injury. J Cardiovasc Electrophysiol. 2007;18:583-588.
18. Martinek M, Bencsik G, Aichinger J, et al. Esophageal damage during radio-
frequency ablation of atrial fibrillation: impact of energy settings, lesion sets, and 
esophageal visualization. J Cardiovasc Electrophysiol. 2009;20:726-733.
19. Schmidt M, Nölker G, Marschang H, et al. Incidence of oesophageal wall 
injury post-pulmonary vein antrum isolation for treatment of patients with atrial 
fibrillation. Europace. 2008;10:205-209.
20. Sánchez-Quintana D, Cabrera JA, Climent V, Farré J, Mendonça MC, Ho 
SY. Anatomic relations between the esophagus and left atrium and relevance for 
ablation of atrial fibrillation. Circulation. 2005;112:1400-1405.
21. Tsao HM, Wu MH, Higa S, et al. Anatomic relationship of the esophagus 
and left atrium: implication for catheter ablation of atrial fibrillation. Chest. 
2005;128:2581-2587.
22. Dagres N, Kottkamp H, Piorkowski C, et al. Rapid detection and successful 
treatment of esophageal perforation after radiofrequency ablation of atrial fibrilla-
tion: lessons from five cases. J Cardiovasc Electrophysiol. 2006;17:1213-1215.
23. Halm U, Gaspar T, Zachäus M, et al. Thermal esophageal lesions after 
radiofrequency catheter ablation of left atrial arrhythmias. Am J Gastroenterol. 
2010;105:551-556.
24. Zellerhoff S, Ullerich H, Lenze F, et al. Damage to the esophagus after 
atrial fibrillation ablation: just the tip of the iceberg? High prevalence of medi-
astinal changes diagnosed by endosonography. Circ Arrhythm Electrophysiol. 
2010;3:155-159.

Address correspondence to:
Dr. Herbert Wolfsen, Mayo Clinic, Division of Gastroenterology and  
Hepatology, 4500 San Pablo Road, Jacksonville, FL 32224; Tel: 904-953-6319;  
Fax: 904-953-7366; E-mail: wolfsen.herbert@mayo.edu

Review
Esophageal Injury Following  
Left Atrial Ablation 

Bashar J. Qumseya, MD1 
Fred Kusumoto, MD2,3 
Herbert Wolfsen, MD1

1Division of Gastroenterology and Hepatology, 2Division 
of Cardiovascular Diseases, 3Electrophysiology and Pacing 
Laboratory, Mayo Clinic, Jacksonville, Florida 

Atrial fibrillation (AF) is the most common arrhythmia 
encountered in clinical medicine. Current estimates sug-
gest that 4–5 million individuals in the United States 




