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BACKGROUND: Esophageal thermal injury (ETI) is a byproduct of atrial fibrillation (AF) ablation using thermal sources. The most
severe form of ETI is represented by atrioesophageal fistula, which has a high mortality rate. Late gadolinium enhancement
(LGE) magnetic resonance imaging (MRI) allows identification of ETI. Hence, we sought to evaluate the utility of LGE-MRI as a
method to identify ETI across the entire spectrum of severity.

METHODS AND RESULTS: All AF radiofrequency ablations performed at the University of Utah between January 2009 and
December 2017 were reviewed. Patients with LGE-MRI within 24 hours following AF ablation as well as patients who had
esophagogastroduodenoscopy in addition to LGE-MRI were identified. An additional patient with atrioesophageal fistula who
had AF ablation at a different institution and had MRI and esophagogastroduodenoscopy at the University of Utah was identi-
fied. A total of 1269 AF radiofrequency ablations were identified. ETI severity was classified on the basis of esophageal LGE
pattern (none, 60.9%; mild, 27.5%; moderate, 9.9%; severe, 1.7%). ETI resolved in most patients who underwent repeat LGE-
MRI at 3 months. All patients with esophagogastroduodenoscopy-confirmed ETl had moderate-to-severe LGE 24 hours after
ablation MRI. Moderate-to-severe LGE had 100% sensitivity and 58.1% specificity in detecting ETI, and a negative predictive
value of 100%. Atrioesophageal fistula was visualized by both computed tomography and LGE-MRI in one patient.

CONCLUSIONS: LGE-MRI is useful in detecting and characterizing ETI across the entire severity spectrum. LGE-MRI exhibits an
extremely high sensitivity and negative predictive value in screening for ETI after AF ablation.
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is an established treatment for atrial fibrillation
(AF).! PVI involves ablation on the posterior wall of
the left atrium (LA). For many patients with persistent
AF and significant substrate outside of the pulmonary

Pulmonary vein isolation (PVI) using radiofrequency

veins (PVs), additional strategies such as posterior wall
isolation, scar homogenization, and complex fraction-
ated atrial electrogram ablation are often used.>=® The
esophagus runs adjacent to the posterior wall of the LA
within a distance of as small as 2.5 mm.® Thus, a major

Correspondence to: Mihail G. Chelu, MD, PhD, FHRS, Division of Cardiology, Baylor College of Medicine, 7200 Cambridge, Suite A6.137, MS: BCM621,

Houston, TX 77030. Email: Mihail.Chelu@bcm.edu
*Q. Marashly, C. Gopinath, and A. Baher contributed equally.

Supplementary Material for this article is available at https://www.ahajournals.org/doi/suppl/10.1161/JAHA.120.018924

For Sources of Funding and Disclosures, see page 11.

© 2021 The Authors. Published on behalf of the American Heart Association, Inc., by Wiley. This is an open access article under the terms of the Creative
Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use

is non-commercial and no modifications or adaptations are made.
JAHA is available at: www.ahajournals.org/journal/jaha

J Am Heart Assoc. 2021;10:e018924. DOI: 10.1161/JAHA.120.018924


https://orcid.org/0000-0002-1395-8707
https://orcid.org/0000-0002-5094-6975
https://orcid.org/0000-0003-3920-2876
https://orcid.org/0000-0002-8568-7635
https://orcid.org/0000-0001-9688-1604
mailto:﻿
mailto:Mihail.Chelu@bcm.edu
https://www.ahajournals.org/doi/suppl/10.1161/JAHA.120.018924
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.ahajournals.org/journal/jaha

Marashly et al

CLINICAL PERSPECTIVE
What Is New?

Late gadolinium enhancement magnetic reso-
nance imaging (LGE-MRI) is highly sensitive for
detecting postablation esophageal thermal in-
jury (ETI).

e LGE-MRI has a high negative predictive value to
exclude the presence of ETI in the absence of
moderate or severe esophageal enhancement.

e Postablation ETl is frequently detected by LGE-
MRI, which resolves in the majority of patients.

What Are the Clinical Implications?

e |GE-MRI is a valuable noninvasive diagnostic
tool for detection and monitoring of postabla-
tion ETI.

e LGE-MRI may be used to assess ETI across
the entire spectrum of severity, including atri-
oesophageal fistula.

Nonstandard Abbreviations and Acronyms

AEF atrioesophageal fistula

ETlI  esophageal thermal injury
LGE late gadolinium enhancement
PV pulmonary vein

PVI  pulmonary veinisolation

RFA radiofrequency ablation

limitation of radiofrequency ablation (RFA) at the poste-
rior wall is the risk of esophageal thermal injury (ETI)."8
Late gadolinium enhancement (LGE) magnetic reso-
nance imaging (MRI) is an effective tool for detection
of acute tissue injury such as inflammation and edema,
and therefore has the potential to serve as a noninva-
sive test to detect and follow the progression of ETI.9-
Existing data on the role of LGE-MRI on detection of
ETI and correlation of postablation LGE-MRI lesions
and esophagogastroduodenoscopy (EGD) findings are
scarce. The purpose of this study was to evaluate the
value of LGE-MRI in the characterization of ETI across
the entire spectrum of severity after AF RFA.

METHODS

The data, analytic methods, and study materials will
not be made available to other researchers for pur-
poses of reproducing the results or replicating the
procedure.
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Study Design and Patient Population
Patient data were obtained from the Atrial Fibrillation
Research Registry at the Comprehensive Arrhythmia
Research and Management Center (CARMA),
University of Utah, Salt Lake City, Utah.'”” This reg-
istry is an observational, retrospective database of
patients who undergo LGE-MRI as part of routine
arrhythmia care at the University of Utah. The data-
base study protocol was reviewed and approved by
the University of Utah Institutional Review Board and
was Health Insurance Portability and Accountability
Act compliant. Patient requirement for consent has
been waived.

All AF RFAs performed at the University of Utah
between January 2009 and December 2017 were re-
viewed. The inclusion criteria were (1) patients aged
18 years or older and (2) patients referred for AF RFA.
A cohort of patients who underwent a same-day
(<24 hours) post-RFA LGE-MRI was identified and
examined. Furthermore, a subset of patients who un-
derwent both a same-day post-RFA LGE-MRI and an
early post-RFA esophagogastroduodenoscopy (EGD)
was identified. The algorithm we used at the University
of Utah hospital is shown in Figure 1.

In addition, a patient with atrioesophageal fistula
(AEF) secondary to an AF RFA performed at another
institution who had LGE-MRI and EGD at our institution
was identified.

RFA Procedure

The left atrial RFA procedure was previously de-
scribed in detail.’®'* Briefly, a multipole catheter
was used to record right atrial and coronary sinus
electrograms and as the reference catheter for
3-dimensional electroanatomical mapping with
CARTO (Biosense Webster, Diamond Bar, CA) or
ESI/NavX (Abbott, North Chicago, IL). Two trans-
septal punctures were performed under intracardiac
echocardiography guidance using a phased-array
catheter (AccuNav, Siemens Medical Solutions USA,
Mountain View, CA; CartoSound, Biosense Webster;
ViewFlex Xtra, Abbott). A mapping catheter (Lasso
or Pentaray, Biosense Webster; Reflexion Spiral, St.
Jude Medical, Saint Paul, MN) and an RFA catheter
(ThermoCool NaviStar, Biosense Webster; Tacticath,
Abbott) were advanced into the LA for mapping and
ablation. Ablation lesions were placed in a circular
fashion in the PV antral region until electrical isola-
tion of the PVs was achieved. PVl was successful
in all patients acutely. Radiofrequency delivery was
interrupted if the impedance rose suddenly or if a
burst in microbubble density was seen by intracar-
diac echocardiography. Additional LA posterior wall
ablation was performed as previously described.™
Some operators reduced the power to 25 to 30 W on
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Figure 1.

Postablation University of Utah esophageal thermal injury evaluation algorithm.

EGD indicates esophagogastroduodenoscopy; and LGE-MRI, late gadolinium enhancement magnetic

resonance imaging.

the posterior wall, whereas other operators used a
high-power, short-duration (40 or 50 W) strategy with
limited force and duration for posterior wall radiof-
requency applications. The decision on the ablation
strategy was at the operator’s discretion. A tempera-
ture probe was used in every procedure.

MRI Image Acquisition

Protocol for postablation LGE-MRI was previously
described.!%® Briefly, MRI studies were performed
using either a 1.5-T Avanto or a 3-T Verio clinical MRI
scanner (Siemens Healthcare, Erlangen, Germany).

High-resolution LGE images were acquired
using 3-dimensional electrocardiogram-gated,
respiratory-navigated, inversion-recovery prepared,
spoiled gradient-recalled echo pulse sequence. An
LGE-MRI scan was initiated about 15 minutes fol-
lowing injection of 0.1 mmol/kg gadobenate dimeg-
lumine (Multihance; Bracco Diagnostics, Princeton,
NJ). The scan parameters were as follows: axial im-
aging volume with a voxel size of 1.25x1.25x2.5 mm,
inversion time=270-350 ms, and generalized au-
tocalibrating partially parallel acquisition with re-
duction factor R=2 in phase-encoding (right—left)
direction. Typical scan parameters for LGE-MRI at

Figure 2. Representative examples of different degrees of esophageal late gadolinium enhancement on magnetic

resonance imaging.

Longitudinal (A) and transversal (E) view of the esophagus without enhancement. Longitudinal (B) and transversal (F) view of the
esophagus with mild enhancement. Longitudinal (C) and transversal (G) view of the esophagus with moderate enhancement.
Longitudinal (D) and transversal (H) view of the esophagus with severe enhancement. Blue arrows indicate esophageal wall without
enhancement. Red arrows indicate areas with anterior esophageal wall enhancement.
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the 1.5-T scanner were: echo time=2.4 ms, repeti-
tion time=5.2 ms, flip angle=20°. Scan parameters
for LGE-MRI at the 3-T scanner were: echo time/
repetition time=1.4/3.1 ms, flip angle=14°. The navi-
gator was positioned on the right hemidiaphragm,
and the navigator acceptance window was £3 mm.
Inversion recovery preparation was applied every
heartbeat, and fat saturation was performed imme-
diately before data acquisition during the stationary
phase of the LA cardiac cycle. The inversion time
value for the LGE-MRI scan was identified using an
inversion time scout scan.

Esophageal LGE was classified as none, no ob-
servable LGE of the esophagus; mild, minimal or focal
LGE; moderate, transmural or near transmural LGE of
the anterior wall of the esophagus; and severe, trans-
mural LGE involving more than 5 mm of the esophagus
or in more than one location (Figure 2).!° The interpre-
tation of the severity was performed by a reading by a
radiologist or imaging cardiologist at the time of image
acquisition.

Esophagogastroduodenoscopy

EGD was performed under moderate sedation/an-
algesia (conscious sedation). The endoscope was
introduced through the mouth, and advanced to the
second part of duodenum. Throughout the proce-
dure, the patient’s blood pressure, pulse, and oxygen
saturations were monitored continuously. The findings
were collected from the EGD reports.

LGE-MRI and Esophageal Thermal Injury

Statistical Analysis

We used the mean and standard deviation for con-
tinuous variables with normal distribution, median
and interquartile range for continuous variables with
nonnormal distribution, and percentages for categor-
ical variables to describe the distribution of baseline
characteristics. Pearson x? and Fisher exact tests
were used to compare the categorical variables. A
McNemar test was used to compare paired varia-
bles. A 2-sided P<0.05 was considered statistically
significant. To access interrater agreement, 56 ran-
dom scans were independently scored by 2 readers,
and weighted k was calculated. LGE-MRI sensitivity
was determined by dividing the total number of RFA
procedures resulting in moderate/severe enhance-
ment on LGE-MRI and ETI evidence on EGD (true
positives) over the total number of EGD procedures
showing evidence of ETI (true positive+false nega-
tives). Specificity was calculated by dividing the num-
ber of RFA procedures resulting in no moderate/
severe enhancement on LGE-MRI and no evidence
of ETI on EGD (true negatives) over the total number
of EGD procedures showing no evidence of ETI (true
negatives+false positives). Negative predictive value
was calculated by dividing the number of RFA proce-
dures resulting in no moderate/severe enhancement
on LGE-MRI and no evidence of ETI on EGD (true
negatives) over the total number of LGE-MRI tests
without evidence of moderate/severe enhancement
(true negatives+false negatives). Statistical analyses
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Figure 3. AF ablation procedures flowchart based on LGE-MRI findings.

AF indicates atrial fibrillation; EGD, esophagogastroduodenoscopy; LGE-MRI,

imaging; and RFA, radiofrequency ablation.

late gadolinium enhancement magnetic resonance
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Table 1. Baseline Characteristics of Patients With Late
Gadolinium Enhancement Magnetic Resonance Imaging
Within 24 Hours After Atrial Fibrillation Ablation (N=1074)

Baseline Clinical Characteristics Value
Age, y 65.2+11.3
Men, % (n) 66.0% (709)
Coronary artery disease, % (n) 19.9% (214)
Coronary artery bypass graft surgery, % (n) 8.6% (92)
Cardiomyopathy, % (n) 9.1% (98)
Chronic obstructive pulmonary disease, 16.6% (178)
% (n)
Congestive heart failure, % (n) 12.7% (136)
Diabetes mellitus, % (n) 171% (184)
Hyperlipidemia, % (n) 16.6% (178)
Hypertension, % (n) 65.0% (698)
Mitral valve regurgitation, % (n) 6.1% (66)
Previous myocardial infarction, % (n) 5.1% (55)
Obstructive sleep apnea, % (n) 27.2% (292)
History of stroke/TIA, % (n) 10.4% (112)
Tobacco use, % (n) 26.8% (288)
Atrial fibrillation type, % (n)

Paroxysmal 39.3% (422)

Persistent 60.7% (652)
Radiofrequency ablation technique, % (n), n=1034

Pulmonary vein isolation 33.4% (345)

Pulmonary vein isolation with posterior 66.6% (689)

wall isolation or debulking

TIA indicates transient ischemic attack.

were performed using R version 3.4.0 open-source
software (R Foundation, Vienna, Austria).

RESULTS

Post-AF Ablation ETI Detection by
LGE-MRI

A total of 2102 AF RFA procedures performed at the
University of Utah Hospital between January 2007 and
December 2017 were identified. LGE-MRI was per-
formed within 24 hours of 1269 AF RFA procedures
(60% of the total AF procedures) in 1074 patients
(Figure 3). The mean age was 65+11 years, and 66%
of the patients were men. The Table shows the base-
line clinical characteristics of all patients. The sever-
ity of post-RFA ETI was as follows: none after 773 AF
RFA procedures (60.9%), mild enhancement after 349
AF RFA procedures (27.5%), moderate enhancement
after 126 AF RFA procedures (9.9%), and severe en-
hancement after 21 AF RFA procedures (1.7%). The
AF RFA technique was available in 1034 cases (81.5%
of all cases). PVI alone was performed in 345 cases
(33.4%), whereas PVI in addition to posterior wall iso-
lation and/or debulking was performed in 689 cases

J Am Heart Assoc. 2021;10:e018924. DOI: 10.1161/JAHA.120.018924
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(66.6%). Nevertheless, the distribution of LGE sever-
ity was similar between patients who underwent PVI
alone and those who underwent PVI and posterior wall
isolation/posterior wall debulking (none/mild: 89.3%
versus 89.4%, moderate: 8.4% versus 9.0%, and se-
vere 2.3% versus 1.6%, P=0.65) (Figure 4).

Progression of ETl on LGE-MRI

One hundred seventy-five AF RFA procedures with
same-day LGE-MRI were followed with early-repeat
LGE-MRI (within 14 days of AF RFA), 805 AF RFA pro-
cedures with same-day LGE-MRI were followed with
late-repeat LGE-MRI (after 14 days of AF RFA), and 289
AF RFA procedures with same-day LGE-MRI were not
followed with repeat LGE-MRI. With the exception of
an increased prevalence of cardiomyopathy and heart
failure among patients with no follow-up MRI, all other
baseline characteristic differences are statistically in-
significant compared with patients with follow-up MRI
(Table S1).

In the subset of patients with early-repeat LGE-
MRI (n=175), the severity of ETI was none (17.7%),
mild (26.9%), moderate (46.3%), and severe (9.1%)
on the same-day LGE-MRI and improved in most
patients on the early-repeat LGE-MRI as follows:
none (54.9%), mild (37.7%), moderate (6.3%), and se-
vere (1.1%) (Figure 5). In patients with moderate-to-
severe enhancement on LGE-MRI (n=97), 78 patients
(80.4%) had improvement in LGE, 17 patients (17.5%)
had stable LGE, and 2 patients (2.1%) with moderate
enhancement progressed to severe enhancement on
early-repeat imaging. There was an extremely signif-
icant improvement in moderate/severe LGE versus
none/mild LGE on repeat imaging compared with
same-day imaging (P<0.0001).

Data on MRI scanner type were available for 982
cases; 301 cases (30.7%) were performed with a
1.5-T MRI scanner and 681 cases (69.3%) were per-
formed with a 3-T MRI scanner. A statistically sig-
nificant difference in distribution of LGE-MRI severity
was found between patients scanned with a 1.5-T
and 3-T scanner (none/mild: 91.4% versus 87.8%,
moderate: 8.3% versus 9.5%, and severe 0.3% ver-
sus 2.6%, respectively; Fisher exact test P=0.028)
(Figure 6).

Severity of ETI detected by same-day post—AF
ablation LGE-MRI resolved in most patients on late-
repeat LGE-MRI (n=805). On the same-day after
AF ablation, LGE-MRI severity was none (73.8%),
mild (21.2%), moderate (4.4%), severe (0.6%), and
on late-repeat LGE-MRI was none (97.5%) and mild
(2.5%) (Figure 5). There was a significant improve-
ment in moderate/severe LGE versus none/mild LGE
on repeat imaging compared with same-day imag-
ing (P<0.0001). None of the patients had evidence
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Figure 4. Severity of late gadolinium enhancement magnetic resonance imaging between cases

treated with and without posterior wall ablation.

PVl indicates pulmonary vein isolation; PWD, posterior wall debulking; and PWI, posterior wall isolation.

of AEF on LGE-MRI. All patients with moderate-to-
severe LGE who had late-repeat MRI (n=40) had im-
provement in LGE on MRI, and only 9.5% of patients
with evidence of ETI on same-day MRI had evidence
of mild ETI at 3 months.

The interrater agreement of MRI imaging interpreta-
tion was considered substantial (weight k=0.741).16

EGD in Patients With LGE-MRI Post-AF
Ablation-Detected ETI

Ninety-seven patients had early post-AF ablation
LGE-MRI and EGD. The average patient was aged
64.3+12 years, and 59.7% were men. Fifty-seven per-
cent had hypertension, 9% had heart failure, 11% had
diabetes mellitus, and 11% had a prior transient is-
chemic attack or stroke.

The median duration between same-day MRI
and EGD was 1 day (interquartile range, 1-3] after
AF ablation. Nine patients had evidence of ETI on
EGD. Eight out of 9 patients with EGD-confirmed ETI
had moderate-to-severe ETI on LGE-MRI (Figure 7).
Moderate-to-severe enhancement on LGE-MRI had
94.1% sensitivity and 64.5% specificity for detecting
an abnormality on EGD. The negative predictive value
of moderate-to-severe enhancement on LGE-MRI was
98% to exclude an abnormality on EGD. LGE-MRI

J Am Heart Assoc. 2021;10:e018924. DOI: 10.1161/JAHA.120.018924

had 100% sensitivity and 58.1% specificity for detect-
ing EGD-confirmed ETIl and 100% negative predictive
value to exclude ETI in the absence of moderate or
severe enhancement on LGE-MRI. The 3-T MRI scan-
ners’ sensitivity and specificity were 100% and 67.6%,
respectively, and the 1.5-T MRI scanners’ sensitivity
and specificity were 100% and 33.3%, respectively.
Among cases with moderate or severe enhancement
on LGE-MRI (n=147), 99 cases underwent early-repeat
LGE-MRI. The majority of early-repeat MRI (86 cases,
86.9%) showed resolving enhancement, whereas 13
cases (13.1%) showed persistent enhancement on
MRI.

Assessment of Atrioesophageal Fistula by
LGE-MRI

A 65-year-old man with a past medical history of
symptomatic persistent AF presented 28 days after
AF RFA at an outside hospital with odynophagia,
melena, and hematochezia. The patient had no
postablation LGE-MRI at the outside hospital. The
patient was afebrile and had no neurological signs
and symptoms. The patient underwent an EGD at
an outside hospital, which showed a bleeding ulcer
that was injected with epinephrine. The patient was
stabilized and was transferred to the University of
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m Severe (Transmural LGE involving more than 5 mm of esophagus or in more than one location)
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Figure 5. Progression of LGE-MRI-detected esophageal thermal injury.
LGE indicates late gadolinium enhancement; and MRI, magnetic resonance imaging.

Utah Hospital. Upon admission, a repeat EGD was
performed and showed a healing esophageal ulcer
with a fibrinous exudate at the ulcer base. Chest
computed tomography was performed using a small
volume of water-soluble oral contrast material, and
images were acquired with the patient in supine and
prone positions. Presence of extraluminal contrast
was not detected in either position. Thickening of
the esophageal wall was observed just posterior to
the left atria. Two locules of air were adjacent to this
thickening (Figure 8A and 8D). Computed tomogra-
phy findings suggested a focal, contained esopha-
geal perforation. A cardiac MRI study was performed
on the following day. Study protocol included dou-
ble inversion recovery—prepared T2-weighted turbo
spin echo, contrast-enhanced angiography, and
3-dimensional LGE-MRI. Extensive edema of the
posterior left atrial wall, pericardium, and esopha-
gus was observed on double inversion recovery T2-
weighted turbo spin echo images (Figure 8E). No
contrast extravasation from the LA was detected on
contrast-enhanced magnetic resonance angiogra-
phy (Figure 8B and 8F). Perforation of the anterior
wall of the esophagus contained by a blood clot
was observed on magnetic resonance angiography
(Figure 8B and 8F) and LGE images (Figure 8C and

J Am Heart Assoc. 2021;10:e018924. DOI: 10.1161/JAHA.120.018924

8Q@), suggesting the presence of a self-contained AEF
with a blood clot. Enhancement of the anterior wall of
the esophagus adjacent to the perforation was seen
on LGE images (Figure 8C and 8G). Edema on double
inversion recovery T2-weighted fast spin-echo and
enhancement on LGE-MRI revealed inflammation of
the esophageal wall. Later on, the patient had a tran-
sient ischemic attack manifesting as a brief episode
of left hemiparesis. The patient was taken emergently
to the operating room to evaluate and treat the AEF.
The presence of the AEF was confirmed, and it was
treated surgically with AEF resection and esophageal
and atrial repair (Figure 9). The patient had no persis-
tent neurological deficits after the operation. A month
after the operation, he was discharged to an inpatient
rehabilitation facility where he stayed for 3 weeks be-
fore going home. A few months later, he developed
gradually worsening shortness of breath and fatigue.
A transthoracic echocardiogram showed evidence
of aortic valve endocarditis. The patient’s blood cul-
tures grew Enterococcus faecalis and he was treated
with long-term IV antibiotics. The patient underwent
robotic-assisted aortic valve replacement 5 years
later for aortic valve insufficiency and stenosis. The
patient had no symptomatic AF recurrences or heart
failure.
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Figure 6. Severity of late gadolinium enhancement magnetic resonance imaging (MRI) between
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DISCUSSION

Despite the development of techniques to prevent
ETI and AEF formation, ETI is still expected in the
postablation period. ETI has been reported to occur
in up to 40% of cases.”®"1%18 |n severe forms, ETI
can be complicated by the formation of AEF. AEF
has been reported to occur in <0.1% of cases.!19.20
However, it is associated with a high mortality rate,
ranging between 55% and 85%.'"?"?? Early detec-
tion of ETI is critical in the postablation period, and
if treated early may potentially prevent formation of
fatal AEF. In this study, we demonstrated the high
sensitivity and negative predictive value of LGE-MRI
in detecting EGD-confirmed ETI across the entire
spectrum of injury severity.

LGE-MRI has been used to assess the extent and
progression of ETI in the postablation period.'® Badger
et al. have shown that postablation esophageal wall
enhancement on MRI is transient and completely re-
versible.'® Similarly, Schmidt et al. have shown com-
plete resolution of endoscopic ETI changes in all
patients with postablation ETI.?3

In this study, we describe the feasibility of LGE-MRI
in screening for postablation ETI. Our study demon-
strates that ETl is common after AF RFA. However,
the majority of post-RFA AF ETls are mild in nature.
Moderate-to-severe ETl is identified only in a minority
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of cases. In our study, LGE-MRI had high sensitiv-
ity in detecting moderate-to-severe ETI. In addition,
LGE-MRI exhibits a high negative predictive value to
exclude the presence of EGD-detected ETl in the ab-
sence of moderate or severe esophageal enhance-
ment. All cases of EGD-confirmed ETI had evidence
of moderate-to-severe LGE on MRI. Halbfass et al.
have demonstrated that only patients with esopha-
geal ulceration developed AEF.?* Thus, moderate-to-
severe LGE on MRI can be interpreted as an early
sign for esophageal ulceration and increased risk for
AEF formation.

Badger et al. showed that contrast enhancement
on LGE-MRI was present in 5 out of 41 patients at 24
hours after ablation in MRI studies.!® Three patients un-
derwent EGD, which revealed evidence of ETL.'0 They
also showed that contrast enhancement on LGE-MRI
resolved over time.® On the other hand, Gorman et
al. have shown no correlation between immediate MRI
imaging and EGD findings.?® Immediate postablation
MRI was more sensitive in detecting ETI compared
with EGD.?® The high sensitivity of LGE-MRI in de-
tecting evidence of ETI compared with EGD can be
attributed to the fact that LGE-MRI evaluates the full
thickness of the esophageal wall, whereas EGD only
visualizes the luminal esophageal surface.

Our findings also show that postablation ETl s by far
a transient reaction to RFA. Severity of ETl on LGE-MRI
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Figure 7. Endoscopic evidence of esophageal thermal injury (ETI) and corresponding late
gadolinium enhancement magnetic resonance imaging findings.

A, A 5-mm nonbleeding crated ulcer and a superficial ulcer (yellow arrow). Transverse (C) and longitudinal
(E) view of the esophagus showing transmural esophageal enhancement (red arrow). B, Localized mild
mucosal changes characterized by nodularity and altered texture (yellow arrow). Transverse (D) and
longitudinal (F) view of the esophagus showing near transmural delayed gadolinium enhancement of the
esophagus. Yellow arrows indicate area of ETI on esophagogastroduodenoscopy. Red arrows indicate

areas of anterior esophageal wall enhancement.

decreased significantly on repeat LGE-MRI scans, re-
flecting resolution of transient esophageal injury. This
has been consistently demonstrated in prior smaller
studies.'®%25 The transient nature of ETI may also ex-
plain why 24 hours after RFA, LGE-MRI detected more
cases of moderate/severe ETI than findings on EGD
studies performed a few days later.

AEF usually presents 2 weeks after ablation
with constitutional symptoms such as fever, chest
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discomfort, fatigue, gastrointestinal symptoms, and
neurological symptoms."" Intravenous contrast-
enhanced chest computed tomography has been
considered to be a valuable imaging tool in diag-
nosing AEF. Typical computed tomography findings
suggestive of AEF includes extravasation of IV con-
trast from the LA into the esophagus or posterior
mediastinum, pneumomediastinum, irregular or ul-
cerated appearance of PV, left atrial wall thickening,
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Figure 8. Computed tomography (CT) and magnetic resonance imaging of an atrioesophageal fistula.

Top row: sagittal view. A, CT shows esophagus lumen filled with oral contrast and presence of air locules between the esophagus and
left atrium (LA) (narrow red arrow). B, Magnetic resonance angiography (MRA) shows perforation of the anterior wall of the esophagus
and blood clot (wide red arrow). Green arrows mark the esophagus. C, Late gadolinium enhancement (LGE) shows disruption of the
anterior wall of the esophagus and a blood clot (wide red arrow). The anterior wall of the esophagus adjacent to the posterior LA wall
is enhanced, indicating an inflammation process (narrow blue arrows). Bottom row: axial view. D, CT shows esophagus lumen filled
with oral contrast and presence of air locule between esophagus and LA (narrow red arrow). E, Double inversion recovery T2-weighted
turbo spin echo shows edema caused by inflammation of the posterior LA wall, adjacent pericardium, and esophagus (narrow blue
arrows) and the presence of a blood clot (wide red arrow). F, MRA shows perforation of the anterior wall of the esophagus and a blood
clot (wide red arrow). G, LGE shows perforation of the anterior wall of the esophagus and a blood clot (wide red arrow). The posterior
LA wall and pericardium are enhanced (narrow blue arrows).

gas within the LA or PVs, and PV fat stranding.!!26:2
In our AEF case, MRI provided better characteriza-
tion of the esophageal wall by showing evidence of
edema on double inversion recovery T2-weighted
turbo spin echo images and enhancement on LGE
images, suggestive of esophageal wall inflammation,
which is likely an early sign of ETI and impending AEF.
Additionally, LGE-MRI and MRA images revealed the
presence of self-contained esophageal wall perfora-
tion with a blood clot, which was not seen on com-

Only cases with persistent enhancement on early-
repeat MRI scans had evidence of ETlI on EGD,
whereas all cases with resolved enhancement on MRI
showed no evidence of ETl on EGD. Thus, early-repeat
LGE-MRI can be used to monitor the progression of
ETI before performing EGD.

Limitations
The findings of this study have to be considered in

puted tomography imaging. light of some limitations. First, this is a single-center

Day 21 Day 40

Odynophagia, Day 27 Transient neurological
melena, and Repeat EGD: symptoms (left
hematochezia Healing ulcer hemiparesis)

[ 1 |
I l

v

AF RF Ablation Day 22 Day 28 Day 41
EDG: Bleeding  MRI: MRA and LGE AEF resection,
ulcer images suggesting the esophageal and atrial

presence of self- repair
contained AEF with

blood clot

Figure 9. Time course of events after atrial fibrillation (AF) radiofrequency (RF) ablation.
AEF indicates atrioesophageal fistula; EGD, esophagogastroduodenoscopy; LGE, late gadolinium
enhancement; MRA, magnetic resonance angiography; and MRI, magnetic resonance imaging.
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retrospective study and is subject to limitations re-
lated to the retrospective nature of the study design.
External validation in large randomized controlled tri-
als comparing the use of LGE-MRI and EGD would
be appropriate. Second, only 175 cases out of 1269
cases with same-day postablation LGE-MRI were fol-
lowed with early-repeat LGE-MRI after AF RFA, and
thus early-repeat MRI results might not be accurately
representative of all cases. However, it would be un-
reasonable to justify obtaining an early-repeat LGE-
MRI after AF RFA cases when same-day LGE-MRI
shows mild or no esophageal LGE in the absence
of other indications such as symptoms suggestive
of ETI or AEF. Third, 24-hour postablation LGE-MRI
was not performed in 39.6% of all AF RFA cases (833
cases out of 2102 total cases) because of major fac-
tors precluding patients from having LGE-MRI, such
as the presence of an implanted cardiac device, re-
duced creatinine clearance, scheduling issues, insur-
ance denial, and patient refusal, which would limit
generalizability of our study results in special AF
patient populations (eg, patients with implanted car-
diac devices and severely reduced kidney function).
Lastly, because of the rarity of AEF complication after
AF RFA, it would be challenging to identify LGE-MRI
precursor findings; however, the case we reported
proposes LGE-MRI findings that could suggest the
presence of AEF. Extensive multicenter studies as-
sessing patients with AEF are needed to further char-
acterize AEF precursor findings on imaging.

CONCLUSIONS

Our results indicate that LGE-MRI exhibits an ex-
tremely high sensitivity and negative predictive value
for detecting EGD-confirmed ETI after AF RFA. Our
results also show that all patients with EGD-confirmed
ETl had evidence of moderate-to-severe enhancement
on same-day LGE-MRI. Repeat LGE-MRI has demon-
strated that ETl is a transient phenomenon. Because
of its high sensitivity and negative predictive value in
detecting ETI after ablation, LGE-MRI is an attractive
noninvasive modality to evaluate for ETI before EGD.
Furthermore, MRI can be used to diagnose AEF by
providing better tissue characterization of the esopha-
gus and surrounding structures.
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Table S1. Baseline characteristics of patients with MRI follow-up and patients with no

MRI follow-up.

Baseline clinical characteristics N = 785 (Patient N = 289 (Patients P-
with MRI follow- | with no MRI value
up) follow-up)

Age, years 65.5+11.4 64.3+11.2 0.12

Male, % 65.2%, (512) 67.8%, (197) 0.37

Coronary artery disease, % 19.1%, (150) 22.1%, (64) 0.27

Coronary artery bypass graft surgery, % | 9.6%, (75) 5.88%, (17) 0.06

Cardiomyopathy, % 8.0%, (63) 12.1%, (35) 0.04

Chronic obstructive pulmonary disease, | 16.9%, (133) 15.6, (45) 0.59

0

é)ongestive heart failure, % 11.2%, (88) 16.6%, (48) 0.02

Diabetes mellites, % 17.8%, (140) 15.2%, (44) 0.31

Hyperlipidemia, % 16.3%, (128) 17.3%, (50) 0.70

Hypertension, % 65.2%, (512) 64.4%, (186) 0.79

Mitral valve regurgitation, % 6.6%, (52) 4.8%, (14) 0.28

Previous myocardial infarction, % 4.8%, (38) 5.8%, (17) 0.53

Obstructive sleep apnea, % 27.1%, (213) 27.3%, (79) 0.95

History of Stroke/TIA, % 10.8%, (85) 9.3%, (27) 0.48

Tobacco Use, % 25.7%, (202) 29.8%, (86) 0.19

Atrial fibrillation type

Paroxysmal, % 38.9%, (305) 40.5%, (117) 0.63

Persistent, % 61.1%, (480) 59.5%, (172) 0.63
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