ORIGINAL ARTICLE

Atrioesophageal Fistula
Clinical Presentation, Procedural Characteristics, Diagnostic
Investigations, and Treatment Outcomes

See Editorial by Crystal and Shurrab
BACKGROUND: Percutaneous or surgical ablation are increasingly used
worldwide in the management of atrial fibrillation. The development
of atrioesophageal fistula (AEF) is among the most serious and lethal
complications of atrial fibrillation ablation. We sought to characterize the
clinical presentation, procedural characteristics, diagnostic investigations,
and treatment outcomes of all reported cases of AEF.

Downloaded from http://ahajournals.org by on November 17, 2018

METHODS AND RESULTS: Electronic searches were conducted in
PubMed and Embase for English scientific literature articles. Out
of 628 references, 120 cases of AEF were identified using various
ablation modalities. Clinical presentation occurred between 0 and
60 days postablation (median 21 days). Fever (73%), neurological
(72%), gastrointestinal (41%), and cardiac (40%) symptoms were the
commonest presentations. Computed tomography of the chest was the
commonest mode of diagnosis (68%), although 7 cases required repeat
testing. Overall mortality was 55%, with significantly reduced mortality
in patients undergoing surgical repair (33%) compared with endoscopic
treatment (65%) and conservative management (97%) (adjusted odds
ratio, 24.9; P<0.01, compared with surgery). Multivariable predictors of
mortality include presentation with neurological symptoms (adjusted odds
ratio, 16.0; P<0.001) and gastrointestinal bleed (adjusted odds ratio, 4.2;
P=0.047).
CONCLUSIONS: AEF complicating atrial fibrillation ablation is associated
with a high mortality. Clinicians should have a high suspicion for the
development of AEF in patients presenting with infective, neurological,
gastrointestinal, or cardiac symptoms within 2 months of an atrial
fibrillation ablation. Investigation by contrast computed tomography
of the chest with consideration of repeat testing can lead to prompt
diagnosis. Surgical intervention is associated with improved survival
rates.
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WHAT IS KNOWN?
Downloaded from http://ahajournals.org by on November 17, 2018

• Ablation procedures for atrial fibrillation is rapidly
increasing with >50 000 procedures being performed annually in the United States.
• Atrioesophageal fistula is one of the most serious
complications of atrial fibrillation ablation and can
be rapidly fatal.

WHAT THE STUDY ADDS?
• Fever, neurological, gastrointestinal, and cardiac
symptoms are the most common clinical presentations for atrioesophageal fistula.
• Atrioesophageal fistula can present ≤2 months
post-atrial fibrillation ablation.
• Contrast-enhanced computed tomography of the
chest is the diagnostic modality of choice.
• Surgical intervention is superior to endoscopic
intervention and conservative management.

A

trial fibrillation (AF) is the most common sustained heart rhythm disorder in clinical practice
worldwide. The estimated prevalence of individuals with AF globally was 33.5 million in 2010, and the
estimated incidence was close to 5 million new AF cases
per year, with the highest incidence rates estimated in
North America.1,2 Catheter ablation is increasingly being used to treat patients with AF worldwide.3,4 From
the Nationwide Inpatient Sample in the United States,
the number of catheter ablation procedures for AF increased from 3367 in the year 2000 to 12 006 in the
year 2010.5 Currently, ≈50 000 catheter ablation pro-

cedures for AF occur annually in the United States.6 A
significant association has been demonstrated between
adverse outcomes related to AF ablation and operator
and hospital volume.5
The periprocedural complication rate for percutaneous AF ablation is estimated at 5%.7 Atrioesophageal
fistula (AEF) is one of the most serious complications
of AF ablation. While estimated at 0.03% to 0.08%,8,9
the incidence may be underestimated because of
under-reporting or misdiagnosis. Furthermore, it is
rapidly fatal without intervention.10 Since the first published case in 2001,11 numerous case reports and case
series have reported this dire complication in surgical
and percutaneous approaches and in various ablation
techniques, including radiofrequency, cryoballoon, and
high-intensity focused ultrasound (HIFU).10,12–14 There is
a need to improve safety measures in AF ablation and
increase awareness in the management of its associated serious complications. This review aims to systematically evaluate all cases of AEF reported in the literature
to date, focusing on patient and procedural characteristics, the clinical presentation, diagnostic workup, treatment received, and survival outcome.

METHODS
Literature Search
We conducted a literature search of PubMed and Embase
on January 1, 2017, using Preferred Reporting Items
for Systematic Reviews and Meta-Analyses guidelines.15
PubMed search terms were (“atrioesophageal fistula”)
OR (“atrial-esophageal fistula”) OR (“esophageal fistula”
AND “catheter ablation”) OR (“esophageal fistula” AND
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“radiofrequency ablation”). Embase search terms were
(“catheter ablation” OR “radiofrequency ablation”) AND
(“esophagus fistula”). Both searches included the spellings
of “esophagus” and “oesophagus”. Titles and abstracts
were screened for relevance by 2 reviewers (Dr Han and
F.J. Ha), and bibliographies of all included publications were
screened to identify further references. Eighty-five articles
met our inclusion criteria. Details of the search algorithm
are shown in Figure 1. A list of all included studies is presented in Table I in the Data Supplement.

Inclusion Criteria
Study characteristics deemed eligible for inclusion were the
following: (1) patient underwent surgical or percutaneous
ablation for AF, (2) documented development of AEF after
procedure, and (3) published in English language. For the
purposes of the study, cases of pericardio-esophageal fistula, an atypical form or potential precursor to AEF, were
also included in the study. Eligible studies included case
reports, case series, and prospective studies if the study
characteristics fulfilled the above criteria.

Exclusion Criteria
We excluded studies in languages other than English and
those published only in abstract form.

Data Extraction
Downloaded from http://ahajournals.org by on November 17, 2018

Details of our data extraction are shown in the Data
Supplement.

Statistical Analysis
Continuous data are presented as medians with ranges.
Categorical data are presented with absolute numbers and

percentages. Categorical variables were compared using
Pearson’s χ2 test, while continuous variables were compared
using 1-way analysis of variance. Statistical significance was
established at P<0.05. All data were analyzed using Stata
MP 15.0 (Stata Corp LP, College Station, TX).
Statistical analysis is described in detail in the Data
Supplement.

RESULTS
A total of 112 cases of AEF and 8 cases of pericardioesophageal fistula from 85 articles were identified and
included in our analysis. A comprehensive list of the
cases is available in Table I in the Data Supplement.

Patient Demographics
Of the 119 patients where age and sex were available, the median age was 59 years (range, 27–85
years; Figure I in the Data Supplement), and the
majority of patients were male (73%; Table 1). Where
reported, patients underwent ablation for both paroxysmal (48%, 35/73) and persistent AF (52%, 38/73).
Presence of comorbid conditions was reported in 31
patients, most commonly hypertension (16) and coronary artery disease (8).

Procedural Characteristics
Table 2 details the procedural characteristics which
were reported, including mode of ablation, procedure
time, ablation time, and use of gastrointestinal protection methods.

Figure 1. Search algorithm.
AEF indicates atrioesophageal fistula.
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Table 1.

Patient Demographics

Table 2. Procedural Characteristics
Patient
Demographics
(N=120)

Age, median (range)

59 y (27–85)

Sex
 Male

87 (73%)

 Female

32 (27%)

 Not specified

1

Comorbidities (reported in 31 patients)
 Hypertension

16

 Coronary artery disease

8

 Valvular heart disease

5

 Obstructive sleep apnea

3

 Diabetes mellitus

3

 Previous stroke

2

 Chronic kidney disease

1

 Chronic obstructive pulmonary disease

1

 Congestive cardiac failure

2

 Other

10

 Nil

5

 Not specified

89

Atrial fibrillation duration

Procedural
Characteristics
Percutaneous RF ablation
 Anesthesia
  Sedation

11

  General anesthesia

19

  Not specified

62

 Approach
  PVI

84

   Presumed

50

   Documented

34

  Circumferential+linear ablation

8

  Circumferential+linear
ablation+CFAE

1

 Procedural time, min (n=3)

65 (65–340)

 Total ablation time, min (n=8)

48.5 (25–81)

 Maximum set temperature, °C (n=14)

30 (18–100)*

 Esophageal temperature monitoring

22

 Maximum esophageal temperature, °C
(n=14)
 Prophylactic PPI or H2RA
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35 (48%)

Percutaneous cryoballoon ablation

 Persistent

38 (52%)

 Procedural time

47

 Ablation time, min (n=5)
 Lowest temperature, °C (n=10)

Percutaneous Radiofrequency Ablation
Of the 92 cases undergoing percutaneous radiofrequency ablation (RFA), total ablation time, maximum
temperature settings, and maximum applied power
ranged from 25 to 81 minutes (median 48.5 minutes),
33°C to 60°C (median 47°C), and 18 to 100 Watts
(median 30 Watts), respectively, although this was
infrequently reported. Power settings of 60, 70, 100 W
were reported in 3 cases in 2004 using 8-mm-tip catheters,16,17 while power settings of 18 W were reported with a multielectrode irrigated tip catheter (see
Table 2).18 Excluding the above cases, maximum applied
power ranged between 25 and 45 Watts (n=27, median 30 Watts). Cases of AEF have also been reported
using contact force catheters, with maximum power
settings of 25 Watts on the posterior left atrial wall.19
Esophageal Protection Methods
Esophageal protection methods used in the cases are
detailed in Table I in the Data Supplement and further
details regarding esophageal temperature monitoring
in Table II in the Data Supplement.
In cases of percutaneous RFA, the use of esophageal protection methods was reported for 31 cases.
Seven cases reported esophageal temperature moni-

47 (33–60)

 Maximum set power, Watts (n=32)

 Paroxysmal

 Not specified

N=92

39 (36.4–44)
24
N=12
NR
48 (28–65)
−60 (−75 to −40)

 Esophageal temperature monitoring

2

 Esophageal temperature reported for
1 case

<20°C

 Prophylactic PPI or H2RA
High-intensity focused ultrasound
 HIFU only

2
N=2
1

 HIFU+touch up RF

1

 Ablation time, min (n=1–HIFU only)

10

 Maximum set power, Watts (n=2)

42.5 (40–45)

 Esophageal temperature monitoring

1 (HIFU+RF)

  Max esophageal temperature, °C

39.1

Surgical procedure

N=14

 Approach
  Maze

1

  RF (including RF maze, PVI, PVI+linear,
linear only)

11

  Combined maze+cryoablation

1

  Combined surgical maze+RF

1

 Concurrent valve surgery

5

 Procedure time, min (n=4)

167.5 (160–212)
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Table 2.

Continued
Procedural
Characteristics

 Ablation time, min (n=4)
 GI protection

13.4 (9.75–22.5)
NR

Values provided are either number of cases or median value (range) unless
otherwise stated. CABG indicates coronary artery bypass graft; CFAE, complex
fractionated atrial electrograms; GI, gastrointestinal; HIFU, high-intensity
focused ultrasound; H2RA, H2-receptor antagonist; NR, not recorded; PPI,
proton pump inhibitor; PVI, pulmonary vein isolation; and RF, radiofrequency.
*Includes 3 cases reported in 2004 using an 8-mm-tip catheter and power
settings of 60, 70, and 100 Watts and 2 cases using power settings of 18
Watts with nMARQ (Biosense Webster, Irwindale, CA) catheter. Excluding
these cases, median power was 30 Watts (range 25–45 Watts).

toring alone, 9 cases used prophylactic proton pump
inhibitor or H2-receptor antagonist post-ablation, and
15 cases implemented both esophageal temperature
monitoring and prophylactic antacid use. Seven cases
reported measures to assess esophageal position during ablation, including intracardiac echocardiogram,
radiopaque temperature probe (TP), and gastric tube
insertion with barium contrast. Three cases reported
adjusting TP position during ablation.
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Cryoballoon and Other Ablation Approaches
Twelve cases of AEF were described in patients undergoing cryoballoon ablation. Lowest temperature used
varied between −75°C and −40°C (median −60°C). Two
cases involved esophageal temperature monitoring, with
TP repositioning during the procedure and measures to

assess esophageal position (intracardiac echocardiogram
in one case and radiopaque TP in another).
One case used HIFU ablation only, while another used
HIFU with touch-up RFA. Power settings were 45 and 40
Watts, respectively. Esophageal temperature monitoring
using a radiopaque TP with intraprocedural TP repositioning was used for the case involving HIFU plus RFA.
Surgical Ablation
Of the 14 cases undergoing surgical ablation, isolated
surgical ablation was reported in 9 (64%) cases, while
ablation in combination with valve surgery was reported
in 5 (38%) cases. Twelve (86%) surgical cases involved
the use of RFA.

Clinical Presentation
The median time from ablation procedure to clinical
presentation of AEF, either to a primary care physician
or hospital, was 21 days (range, 0–60 days; Figure 2).
The most common period for presentation was 2 to 4
weeks after procedure (42%; Figure 2 inset). At clinical
presentation, fever (73%) and neurological symptoms
(72%) were the most common findings, while 41% of
patients had gastrointestinal symptoms (Table III in the
Data Supplement and Figure 3).

Diagnostic Evaluation and Other Tests
Table 3 details the specific findings of imaging modalities used in the diagnosis of AEF. The most common

Figure 2. Time to clinical presentation.
HIFU indicates high-intensity focused ultrasound; and RF, radiofrequency.
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Figure 3. Clinical presentation.
SSx indicates signs or symptoms.

modality for diagnosing AEF was computed tomography (CT) of the chest (68%), see Table IV in the Data
Supplement.

Confirmation of Diagnosis
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CT chest abnormalities were present in 95 of 97 (98%)
cases. Where reported, the majority of CT scans (n=74)
were performed with contrast, while 5 patients had
AEF diagnosed on noncontrast CT, with findings of free
air in either the left atrium or pericardium. Notably, in
7 of these cases (7%), the initial CT was reported as
normal, suggesting progression of the AEF over time.
In these cases, a repeat CT 4 to 12 days later (median 5
days) was required to demonstrate the abnormal findings. Initially, normal CT findings occurred with both
contrast and noncontrast scans.
Cardiac magnetic resonance imaging reported
abnormalities in 2 cases.
Esophagogastroduodenoscopy was attempted in 36
patients. Of the 36 patients undergoing esophagogastroduodenoscopy, 10 (28%) experienced clinical deterioration either during or shortly after the procedure.
In 2 cases, the procedure resulted in immediate clinical deterioration and death. Endoscopic abnormalities
were documented for 32 of 35 (91%) patients who
completed the procedure. In one case, an initial esophagogastroduodenoscopy was reported as normal but
a second esophagogastroduodenoscopy performed 1
day later revealed a fistulous tract.
Esophagram demonstrated contrast extravasation in
12 of 14 (86%) patients.

Echocardiography and Other
Investigations
Transthoracic echocardiogram and transesophageal
echocardiogram (TEE) were abnormal in 14 of 32 (44%)
and 15 of 24 (63%) cases of AEF. One patient undergoing TEE developed drowsiness, aphasia, and hemiparesis a few hours post-procedure.

CT brain and magnetic resonance imaging of the
brain were abnormal in 36 of 46 (78%) and 19 of 21
(90%) patients who underwent the tests, respectively.
In one patient where the magnetic resonance imaging
brain was reported normal, a repeat CT brain 2 weeks
later demonstrated multiple intracerebral air emboli.
Electrocardiographic manifestations of AEF (Table
V in the Data Supplement) can vary between nonspecific changes, to ST elevation, or cardiac arrest in the
absence of ST elevation. In this series, 8 patients had
ECGs, which reportedly fulfilled ST-segment–elevation
myocardial infarction criteria. Five patients underwent
invasive coronary angiography, with one case receiving coronary stenting and the others demonstrating no
focal coronary lesions.
Pathology tests were reported infrequently and are
presented in Table V in the Data Supplement. Of note,
blood culture results were available for 27 patients. In
23 of these patients, ≥1 Streptococcus species were
isolated, and 26 patients had at least one Gram-positive
cocci grown in their blood culture (Table VI in the Data
Supplement). Organisms reported included bacteria
found in the oral cavity, such as viridans streptococci,
including S. mitis, S. oralis, S. sanguinis, S. salivarius, S.
anginosus (15 cases specified), and Mycoplasma salivarium, or gastrointestinal tract such as Enterococcus
and Candida albicans.
The key warning signs and investigations in the diagnosis of AEF are listed in Table 4.

Treatments and Outcomes
Treatment for AEF included surgery (70 cases), endoscopic treatment (20), or noninterventional measures
(30) as shown in Table 5. Noninterventional treatment
included cases where patients died prior to planned
intervention or cases which were diagnosed at autopsy. Baseline characteristics for the 3 treatment arms
showed no significant difference in terms of age, sex,
duration of AF, and ablation approach. There was a
significantly higher proportion of patients with gas-
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Table 3.

Diagnostic Evaluation Findings

Table 3.

Continued

Diagnostic Evaluation Findings

Reported Abnormalities
CT chest
(n=97)

Endoscopy‡
(n=35)
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Esophagram
(n=14)

95 (98)*
53

LA changes (diverticulum,
thrombus, wall abnormality)

7

Mediastinal inflammation

1

Esophageal perforation
(contrast extravasation)

5

Other esophageal changes
only (thickening, ulcer)

3

AEF tract

11

2 (2)

15
2 (100)

Infected thrombus

1

Diagnosed AEF
(not further specified)

1
32 (91)§

Esophageal erythema or ulcer

9

Thrombus or active bleeding

5

Perforation

5

AEF or left atrial tissue
protrusion

13

0 (0)

3 (9)

Reported Abnormalities
MRI brain
(n=21)

Normal or
Abnormal, Nonspecific
%
Changes, %
19 (90)

Focal infarcts

2

Multi-territory infarcts
(including air emboli)
Pneumocephalus or
intravascular air

15

Punctate lesions in the brain

1

Pneumocephalus or
intravascular air

1

2 (10)

AEF indicates atrioesophageal fistula; CT, computed tomography; LA,
left atrium; MRI, magnetic resonance imaging; TEE, transesophageal
echocardiogram; and TTE, transthoracic echocardiogram.
*Seven cases required repeat imaging to detect abnormal findings.
†In 2 case series (total 12 patients) and 3 case reports, CT chest confirmed
the presence of AEF, but abnormalities were not specifically commented on.
‡Two cases were abandoned during procedure (not included in table).
§Three cases required repeat endoscopy to demonstrate AEF.
‖Intraoperative TEE showing air in the left ventricle was reported in 2
patients (not presented in table).
¶Two cases required repeat imaging to detect abnormal findings.

Pericardial effusion

5

trointestinal bleed and a trend toward increased time
to clinical presentation and presence of neurological
symptoms in the conservative treatment group (Table
VII in the Data Supplement).
Overall mortality in patients with AEF was 55%
(Table 5). Mortality was higher in those who had noninterventional management (97%) compared with
endoscopic management (65%), which was in turn
significantly higher than those undergoing surgery
(33%). Multivariable analysis confirmed that those
undergoing noninterventional (adjusted odds ratio,

Gas bubbles in the LA
pneumopericardium

4

Table 4. Warning Signs and Key Investigations for AEF

Pneumopericardium

1

12 (86)
Esophageal leak

TTE (n=34)

15 (44)
3

Wall motion abnormalities

2 (14)

12

Echogenic material in or
around LA

19 (56)

Warning Signs for AEF

2
15 (63)

TEE (n=24)‖

CT brain
(n=46)

Normal or
Abnormal, Nonspecific
%
Changes, %

Free air (LA, mediastinum,
or pericardium)

AEF confirmed†
MRI chest
(n=2)

Diagnostic Evaluation Findings

Findings consistent with
endocarditis or echogenic
material present in the LA

14

Pericardial effusion

1

 Presentation within 60 days of AF ablation*
9 (38)

 Infective symptoms occur in >70%—fever, rigors
 Neurological symptoms occur in >70%—focal neurology, seizures, loss
of consciousness
 Gastrointestinal symptoms—upper GI bleed, dysphagia/odynophagia

36 (78)¶
Focal infarcts

3

Multi-territory infarcts
(including air emboli)
Pneumocephalus or
intravascular air

20

Pneumocephalus or
intravascular air

8

Hemorrhagic infarct

2

Diffuse cerebral edema

2

Not reported

1

10 (22)

 Cardiac—ST elevation MI with no obstructive coronary lesions, cardiac
arrest
 Blood culture positive for organisms from the oral cavity
Key Investigations
 CT chest with contrast would be the most useful first-line test in
suspected AEF
 Esophagram provides an additional diagnostic modality for AEF
 Endoscopy may result in rapid clinical deterioration
 Consider repeat investigation in patients with clinical suspicion

(Continued )

AEF indicates atrioesophageal fistula; AF, atrial fibrillation; CT, computed
tomography; GI, gastrointestinal; and MI, myocardial infarction.
*AEF developing >60 days post-AF ablation have not been reported in the
literature.
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Table 5.

Treatment and Clinical Outcomes

Surgical,* n=70

Survived

Deceased

46 (67)

23 (33)

 Pericardial/atrial repair only: 8†

2

3

 Esophageal surgery only: 9

7

2

 Pericardial/atrial and
esophageal repair: 10†

7

2

 Pericardial and esophageal
repair and muscle or
pericardial flap: 22†

15

5

 Pericardial drainage
only±fistula repair: 5

5

0

 Not specified: 16‡

6

9

7 (35)

13 (65)

 Stenting: 19

6

13

 Snare: 1

1

0

Noninterventional
management§, n=30

1 (3)

29 (97)

Total outcomes,¶ %

54 (45)

65 (55)

Endoscopic intervention alone,
n=20

P Value

0.02

<0.001‖
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*Patients undergoing surgical intervention may have also had an
endoscopic procedure.
†Aggregated reporting in one case series did not allow for further
breakdown of outcomes.
‡One case which had nonspecified surgery did not report mortality
outcome.
§Also involves cases where patient passed away prior to initiation of
planned intervention.
‖Significant difference compared with endoscopic stenting alone (P=0.005).
¶Data are available for 119 cases.

24.9; 95% confidence interval [CI], 3.10–201; P<0.01)
and endoscopic (adjusted odds ratio, 7.14; 95% CI,
1.74–29.3; P<0.01) management had a significantly
higher mortality compared with those undergoing surgery (Table 6).
Univariable predictors of increased mortality in the
overall cohort included presentation with loss of consciousness, seizure, ≥1 neurological symptom, and gastrointestinal bleed (Table VIII in the Data Supplement).
Table 6.

Multivariable Predictors of Mortality
Adjusted
Odds Ratio

95% CI

P Value

Age

1.00

0.96–1.05

0.90

Female sex

2.91

0.65–13.1

0.16

≥1 neurological
symptom

16.0

3.37–75.7

<0.001

GI bleed

4.22

1.02–17.5

0.047

Chest pain

1.01

0.32–3.18

0.98

7.14

1.74–29.3

<0.01

24.9

3.10–201

<0.01

Treatment
Surgery
Stent
 Noninterventional
treatment

Reference

CI indicates confidence interval; and GI, gastrointestinal.

Chest pain as a presenting symptom conferred favorable outcome on univariable analysis but was not
significant on multivariable analysis. On multivariable
analysis, independent predictors of mortality were
presentation with neurological symptoms (adjusted
odds ratio, 16.0; 95% CI, 3.37–75.7; P<0.001) and
gastrointestinal bleed (adjusted odds ratio, 4.22; 95%
CI, 1.02–17.5; P=0.047; Table 6). Within the group
undergoing surgery, the presence of any neurological symptoms (adjusted odds ratio, 11.2; 95% CI,
3.32–37.8; P<0.001) or gastrointestinal bleed (adjusted odds ratio, 5.96; 95% CI, 1.78–20.0; P<0.01) was
associated with a higher mortality (Table IX in the Data
Supplement).
Of the 54 patients who survived, 9 (17%) were noted to have made a complete recovery, 19 (35%) were
reported to have minimal deficits or made significant
improvements, 10 (19%) had ongoing significant deficits or were still in the early stages of recovery, and 16
(30%) had unreported functional status (Table X in the
Data Supplement).

DISCUSSION
Main Findings
This comprehensive review of all cases of AEF after AF
ablation published to date demonstrates the following
key findings:
1. AEF was reported to occur with various ablation
modalities, including RFA, cryoablation, HIFU, surgical ablation (radiofrequency and cryoablation),
and can occur despite current esophageal protection methods.
2. The most common time to presentation of AEF is
2 to 4 weeks post-procedure but can occur up to
2 months post-ablation.
3. Fever and neurological symptoms are the most
common clinical presentations.
4. CT chest (with contrast) is the diagnostic modality of choice; however, repeat testing may be
required for eventual diagnosis. In contrast,
urgent endoscopy in these patients may result in
clinical deterioration.
5. Mortality is extremely high with conservative management (odds ratio, 24.9), and prompt surgical
intervention offers the best chance of survival.
6. Multivariable predictors of mortality include presentation with neurological symptoms and gastrointestinal bleed.

Patient Demographics and Procedural
Characteristics
In this review, the reported baseline patient demographics were varied but in keeping with patients from
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previous series of AF ablation in regard to age, sex,
and type of AF.20 Notably, there was significant underreporting of both patient and procedural characteristics
in the published literature, which did not allow for significant trends to be identified.
Percutaneous RFA was the most common procedure
reported, although this likely reflects higher volumes of
this procedural approach.

Preventative Measures for AEF

Downloaded from http://ahajournals.org by on November 17, 2018

In patients undergoing percutaneous RFA for AF, use
of general anesthesia, ablation time, temperature
and power settings, and ablation over the posterior
wall21 are hypothesized as potential contributors to
the development of AEF. There was limited reporting
of procedural characteristics in the studies. However,
of note, even maximum power settings of 25 Watts
in the posterior wall with the use of contact force
catheters19 can still be associated with AEF. Furthermore, only 9 out of the 92 cases of percutaneous RFA
(10%) documented additional linear ablation or use
of CFAE, indicating that even the standard approach
with pulmonary vein isolation is not immune to the
development of AEF.
Advancements in ablation technology, including the
use of phased RF energy22 and use of remote magnetic navigation,23 may offer improvements in preventing esophageal injury, although further experience is
required. Additionally, the absence of recognized AEF
in remote magnetic navigation cases may suggest that
the mechanism of AEF formation is related to timedependent heating of the esophagus.9
Suggested preventative measures for AEF include
esophageal temperature monitoring protocols,24
esophageal cooling,25 posterior displacement of the
esophagus with the TEE probe,26 and prophylactic proton pump inhibitor use.27 The effectiveness of these
esophageal protection strategies remains uncertain,28
and the occurrence of AEF in cases adopting these
strategies demonstrate that AEF prevention cannot be
guaranteed. Additionally, there is a suggestion that use
of luminal esophageal temperature monitoring probe
may contribute to thermal effects on the esophagus
during AF ablation.22 Further investigation of measures
to prevent AEF is warranted, although clinical vigilance
in the postoperative period will remain an important
strategy.

Clinical Presentation of AEF
The time from procedure to clinical presentation of AEF
is highly varied. Although we found a median time of
21 days, this ranged from the evening of the procedure
(0 days) in 1 case and up to 60 days in another 2 cases.
Clinical suspicion of AEF should persist for at least the

first 2 months post-AF ablation in the context of relevant signs and symptoms.
Clinicians should also recognize the wide presentations of AEF. Over 70% of patients with AEF developed
infective symptoms. AEF should be excluded in patients
developing fever, rigors even in the absence of fever,29
or blood cultures which are positive for organisms from
the oral cavity after an AF ablation.
Diagnosis of AEF in patients with neurological
changes is made more difficult because of the inherent
thromboembolic stroke risk of patients in AF.30 The periprocedural risk for stroke or transient ischemic attack
post-AF ablation procedure is ≈1%,31 and may be
exacerbated by a prothrombotic response.32 However,
the presence of neurological deficits post-AF ablation
should also raise suspicions about the development of
an AEF.
Patients who experience upper gastrointestinal
bleeding or odynophagia/dysphagia post-AF ablation
should receive prompt workup to exclude the presence
of AEF. In patients with upper gastrointestinal bleeding,
this is particularly important because of the high mortality associated with this presentation.
Patients presenting with cardiac symptoms had a
trend toward lower mortality (43%) compared with the
overall mortality. We hypothesize that these patients
with cardiac symptoms were brought to the attention
of the cardiologist or cardiac surgeon performing the
procedure earlier on who may have been more aware
of the potential for AEF, leading to an earlier diagnosis.
The varying nature of clinical presentations of AEF
can potentially lead to a delay in diagnosis. Predominant symptoms of fever, neurological changes, or gastrointestinal changes may result in patients being initially treated by various medical specialties other than
cardiology. Awareness of the variable clinical presentations of AEF post-AF ablation is paramount not only for
cardiologists and cardiothoracic surgeons performing
these procedures, but also the wider medical community, such as emergency and family physicians. The early
diagnosis of this condition may allow for interventions
prior to the patient developing significant circulatory
compromise or long-term neurological sequelae.

Diagnostic Evaluation of AEF
Prompt radiological diagnosis is critical in patients presenting with the above constellation of symptoms.
In cases where CT chest or CT angiogram information was reported, 95 out of 97 (98%) cases demonstrated abnormalities. In 7 of these cases (7%), an initial
CT was reportedly normal and a repeat CT performed 4
to 12 days later was needed to establish the diagnosis,
indicating the importance of repeat imaging in cases
with high clinical suspicion. Based on the above findings, we suggest CT chest with contrast should be the
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initial investigation in all patients with suspected AEF,
with consideration of repeat CT depending on clinical
suspicion.
In the 14 reported cases where esophagram was performed, abnormalities were demonstrated in 12 (86%)
cases. Additionally, in 1 of these cases, contrast extravasation was seen on esophagram despite an initially normal CT, with subsequent CT scans being abnormal but
nondiagnostic.33
The role of endoscopy in the diagnosis of AEF remains
uncertain. Routine endoscopy,34 capsule endoscopy,35
and endoscopy with endoscopic sonography36 post-AF
ablation have been investigated. Studies have demonstrated reversible mucosal changes in the esophagus
post-AF ablation34,35 and reversible peri-esophageal
changes evident on endoscopic sonography.36 Similar
esophageal thermal injury has also been demonstrated
in patients undergoing cryoballoon ablation for AF.37
However, once an AEF is suspected on clinical grounds,
endoscopy should be avoided because of the potential
for air embolization during esophageal insufflation. In 2
cases, endoscopy resulted in immediate clinical deterioration and death.38,39 In the setting of an acute gastrointestinal bleed, this can be a challenging management
issue. Although gastrointestinal bleeding can occur
with anticoagulation use in AF in the absence of AEF,
study data suggest that the incidence is ≈1% per year.40
Thus, where a patient has acute upper gastrointestinal
bleeding within 2 months of an AF ablation, AEF should
be strongly considered.
Either transthoracic echocardiogram or TEE may
identify features suggestive of AEF. However, cardiac
imaging in AEF may be normal (56% for transthoracic
echocardiogram and 38% for TEE), and TEE in a patient
with AEF may also lead to clinical deterioration.41 Echocardiographic imaging should not be a first-line investigation in cases of suspected AEF because of the significant number of false-negative scans reported in the
literature.
Patients developing ST-segment–elevation myocardial infarction post-AF ablation should receive prompt
evaluation and treatment for coronary artery disease.
In those patients who have atypical angiographic findings in the setting of a recent AF ablation,42 a possible
diagnosis of AEF should be considered.

Treatment and Outcomes
Overall mortality in AEF was 55%, which is lower than
what has been previously reported.43 Additionally, mortality in patients undergoing some form of intervention
(surgery or endoscopic management) was also lower
than in previous reports.28
Neurological symptoms and the presence of gastrointestinal bleed were independent predictors of
increased mortality in patients with AEF. Prompt diag-

nosis and treatment of AEF prior to the development
of these symptoms may result in improved survival outcomes in cases of AEF.
Management options described for AEF include
conservative approaches such as intravenous antibiotics, endoscopic esophageal stenting, and surgical intervention. From the reported literature, only 1 patient
not receiving intervention survived but had significant
neurological deficits.41 Additionally, some patients died
prior to the institution of any intervention.
Esophageal stenting that was offered in patients
who were deemed unfit for surgical intervention
improved survival when compared with noninterventional management. Surgical intervention should, however, be considered as the gold standard of therapy in
all patients experiencing AEF, although the mortality in
this group remains high at 33%.

Study Limitations
This is the largest systematic review of published cases
of AEF after ablation to date. We provide a comprehensive insight into the heterogeneous clinical presentation, the diagnostic modalities, and their relevant
abnormal findings and the need for early detection and
surgery to increase survival.
However, reported information regarding clinical
presentation, diagnostic evaluation, and treatment
is dependent on both the reporting bias of the case
authors and publication bias. Inherent in this are potential cases of missed diagnosis. Reporting bias also significantly affects our ability to comment on whether
patient comorbid conditions and procedural characteristics affect the risk of developing AEF post-AF ablation.
The prevalence of certain clinical presentation features
may be underestimated because of reporting differences of the various case reports.
The time to clinical presentation of patients with AEF
is somewhat skewed by the variable time frames specified in the case reports (eg, specific number of days
versus time periods of weeks or months). Additionally,
we were unable to assess the role of cardiac magnetic
resonance imaging because of the low number of cases
reported using this imaging modality. Finally, there is an
inherent selection bias in the patient treatment from
reported cases, whereby only the more stable and neurologically intact patients may be offered interventional
strategies.

Conclusions
AEF is a rare complication of AF ablation but is associated with a high mortality. A diagnosis of AEF should be
considered in all patients presenting with infective, neurological, cardiac, or gastrointestinal symptoms within 2
months of an AF ablation procedure. Investigation by
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CT chest with consideration of repeat testing can lead
to prompt diagnosis. Surgical intervention is associated
with improved survival rates compared with conservative management in this serious condition.
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