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INTRODUCTION: With the increase of thoracic aortic aneurysm surgery and thoracic endovascular aortic
repair, secondary aortoesophageal fistula (AEF) has been reported. However, the treatment strategy for
AEF remains controversial.
PRESENTATION OF CASES: Four patients who had undergone prosthetic aortic replacement for thoracic
aortic aneurysm 4-36 months previously, were hospitalized with sepsis-like symptoms. They were diag-
nosed with aortic prosthetic graft infection after computed tomography revealed ectopic gas around the
prosthesis. After that, esophagogastroduodenoscopy revealed an esophageal perforation, so we diagnosed
AEF. They received medication and stepwise surgery; 1 patient was discharged, 2 remain hospitalized,
and 1 died.
DISCUSSION: Some reports have suggested that combined surgery provides better outcomes for AEF.
Infection may be controlled by esophagectomy and antibiotic treatment, so prosthesis replacement is
not always necessary. However, we should note that infection between a prosthetic graft and the native
aorta brings a danger of pseudoaneurysm of the anastomosis.
CONCLUSION: Based on our experience we conclude that surgery performed stepwise along with infection
control and general health improvement is a valid treatment strategy for secondary AEF after prosthetic
aortic replacement.

© 2020 The Authors. Published by Elsevier Ltd on behalf of IJS Publishing Group Ltd. This is an open

access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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1. Introduction

Aortoesophageal fistula (AEF) may be primary or secondary.
With the increase of thoracic aortic aneurysm surgery and tho-
racic endovascular aortic repair (TEVAR), secondary AEF has been
reported [1-3]. Some treatment strategies for AEF have been pre-
sented [4-9]. However, there have been few reports with multiple
cases of secondary AEF after prosthetic aortic replacement, so the
treatment strategies remain controversial. In our facility, we have
attempted a strategy including performing surgery stepwise for
4 cases of AEF after prosthetic aortic replacement, and we herein
report them. This work has been reported in line with the PROCESS
criteria [10].
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E-mail address: m_motoeno@yahoo.co.jp (M. Enomoto).
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2. Case presentation
2.1. Brief case histories before staged surgeries

Case 1: an 83-year-old man. Around 28 months after total arch
replacement (TAR), he suffered fever and shivering. Prosthetic graft
infection was diagnosed when computed tomography (CT) showed
ectopic gas around the prosthesis. After 17 days in hospital, an
infected pseudoaneurysm at the distal anastomosis of TAR and a
resulting aortobronchial fistula were found. Emergency descending
aorta replacement (DAR) was performed, and he was saved. Nine
days after DAR, an air leak from the chest drain was found, and
AEF was confirmed 2 days later by esophagogastroduodenoscopy
(EGD).

Case 2: a 72-year-old man. Four months after TAR, he suffered
fever and shivering. Prosthetic graft infection was diagnosed by CT.
After 10 days in hospital a diagnosis of AEF was confirmed by EGD.

Case 3: an 88-year-old woman. Around 36 months after TAR, a
pseudoaneurysm at the distal anastomosis of TAR and a resulting
left main bronchial obstruction occurred. Emergency TEVAR was

2210-2612/© 2020 The Authors. Published by Elsevier Ltd on behalf of IJS Publishing Group Ltd. This is an open access article under the CC BY license (http://creativecommons.

org/licenses/by/4.0/).
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Fig. 1. Computed tomography of the chest revealed ectopic gas around the prosthesis, which appears continuous from the esophagus.

performed, and she was saved. She developed a fever 18 days after
TEVAR, and prosthetic graft infection was diagnosed by CT (Fig. 1).
A diagnosis of AEF was confirmed by EGD (Fig. 2), 31 days after
TEVAR.

Case 4: a 79-year-old woman. Around 17 months after DAR, she
had fever, and prosthetic graft infection was diagnosed by CT. On
her 2nd day in hospital, an infected pseudoaneurysm at the proxi-
mal site of DAR and a resulting aortobronchial fistula were found.
Emergency TAR was performed, and she was saved, but 48 days
later she suffered fever and shivering. Reoccurrence of prosthetic
graftinfection was diagnosed by CT, and AEF was confirmed by EGD
50 days after TAR.

Detailed description of our cases with AEF are shown in Table 1.

2.2. Our staged treatment strategy is as follows

First-stage surgery is esophagectomy, esophagostomy, and
enterostomy. The first operation involves resection of the esopha-
gus, formation of an oral side esophagostoma on the left side of the
neck, and jejunostomy of the feeding route.

Second-stage surgery is additional cardiovascular surgery if
needed. In case 2, the distal anastomotic site of the TAR was con-
sidered to be the main infection site associated with the fistula, so
TEVAR was performed for reinforcement. In case 4, as in case 1, the
main site of infection associated with the fistula was at the junction
between two prostheses; in this case, between the proximal end of
the DAR (installed 17 months earlier) and the distal end of the TAR
(installed 50 days earlier). However, infection also caused a pseu-
doaneurysm at the distal anastomosis of the DAR, so in stage 2 the
DAR was performed again. In case 1 and 3, no additional surgery
was done there.

Third-stage surgery is esophageal reconstruction. This was per-
formed incases 1,2, and 3, after improvement of general conditions
and infection findings. In those 3 cases, a gastric tube was formed
using the patient’s stomach to replace the esophagus, in an antetho-
racic route.

2.3. Outcomes after staged surgery

Case 1 survived the third-stage surgery, but suffered hypercal-
cemia associated with a tumor and renal failure, and died on day
224 of hospitalization. Case 2 recovered and was discharged from
our hospital on day 227. In case 3, after esophagus reconstruction,
suture failure occurred between the esophagus and the gastric tube,
and formed a skin fistula. As of day 216 of hospitalization, she has
received conservative treatment for that problem. Case 4 survived
after second-stage surgery, but has continued to receive treatment
for infection and chronic disseminated intravascular coagulation.
As of day 160 of hospitalization, esophageal reconstruction has not
been achieved.

3. Discussion

All the AEF cases described here occurred after prosthetic
aortic replacement for thoracic aortic aneurysm. These fistulae
were formed at the contact between the distal anastomotic site
of TAR and the middle thoracic esophagus. One possibility is
that the esophagus fistula, perhaps caused by ischemic necrosis
with compression (that is, with mechanical stimulation or irrita-
tion) or operative technique, leaked esophageal contents onto the
aortic prosthesis, caused infection there. Alternatively aortic pros-
thetic infection might have occurred first, perhaps due to caries,
hemodialysis, or invasive treatment, and that infection led to the
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Table 1

Detailed description of our cases with aortoesophageal fistula.

Fig. 2. Esophagogastroduodenoscopy showed an aortoesophageal fistula (white arrows) in the esophagus.

39

Case

Age

Sex

Fistula mechanism
Site of fistula

Previous procedure

Initial symptoms
Times till symptoms

Interval from initial
symptoms to diagnosis

Interval from diagnosis to
first operation

First-stage

Result

Interval between stages

Second-stage

Result

Interval between stages

Third-stage

result
Interval between stages
Fourth-stage

1

83

male

secondary

middle thoracic esophagus
(28 cm from incisors)

TAR (previous operation)
DAR (this hospitalization)

air leak from drain

28 months after TAR 9 days
after DAR

2 days

0 day

esophagectomy
survival

survival
86 days
esophageal reconstruction

survival
109 days
death

2

72

male

secondary

middle thoracic esophagus
(30 cm from incisors)

TAR (previous operation)

fever, shivering
4 months after TAR

10 days
2 days

esophagectomy

survival

37 days

TEVAR

survival

61 days

esophageal reconstruction

survival
117 days
discharge

3

88

female

secondary

middle thoracic esophagus
(28 cm from incisors)
TAR (previous operation)
TEVAR (this
hospitalization)

fever

36 months after TAR 18
days after TEVAR

13 days

1 day

esophagectomy
survival

survival
103 days
esophageal reconstruction

survival

81 days

waiting for closure of
cutaneous fistula

4
79

female

secondary

middle thoracic esophagus
(28 cm from incisors)

DAR (previous operation)
TAR (this hospitalization)

fever, shivering

17 months after DAR 50
days after TAR

2 days

1day

esophagectomy

survival

28 days

Redo DAR

survival

79 days

treatment of infection and
DIC

TAR: total arch replacement; DAR: descending aorta replacement; TEVAR: thoracic endovascular aortic repair; DIC: disseminated intravascular coagulation.
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Table 2
Summary of strategies for secondary aortoesophageal fistula.
Year Author [Reference] Number of cases Surgery of fistula Outocomes
2012 A. Saito et al. [4] Six cases (four after Five cases received staged surgery and one received Two in-hospital deaths
TEVAR and two after simultaneous it. (one case of staged surgery
open graft and one of simultaneous it)
replacement)
2012 M. Amano et al. [7] One case after TAR Three staged surgery (first: esophagectomy and Discharge
esophagostomy, second: re-replacement, Third:
esophageal reconstruction)
2013 H. Munakata et al. [8] One case after TEVAR Two staged surgery (First: aortic replacement, Discharge
esophagectomy and esophagostomy, Second:
retrosternal gastric bypass)
2019 A. Kamigaichi et al. [9] One case after TEVAR Three staged surgery (first: esophagectomy and Discharge

esophagostomy, second: aortic replacement, Third:
esophageal reconstruction)

esophageal fistula. Xi et al. suggested that stent graft infection
should be considered as the main mechanism of AEF formation [11].
In our 4 cases the progress after first surgery and the elapsed times
from surgery to onset varied. Identifying the causes of AEF in any
consistent manner is difficult.

Some papers suggested that combined surgery provided bet-
ter outcomes for some patients of secondary AEF [7-9] (Table 2).
What they suggested in common is that the first treatment of sec-
ondary AEF is infection control, with esophagectomy being the first
stage. The subsequent timing of second- and later-stage surgery
must be judged by a comprehensive assessment of the degree of
improvement with infection control and nutritional status. There
is the question of whether to replace an infected prosthetic graft.
There have been reports of an infective thoracic aortic aneurysm
and artificial stent graft being removed and the aorta restored
in second-stage surgery [8,9]. These cases involved the first tho-
racotomy, whereas our cases involved the second one. This is a
large difference. Infection may be controlled by esophagectomy and
antibiotic treatment, so we think that prosthesis replacement is not
always necessary. However, experience has shown that where a
prosthetic graft meets the native aorta, infection brings a real dan-
ger of aneurysm. In case 2, TEVAR was done in the second stage as a
precaution, because the native aorta remained at the infected site.

In case 1, 2, and 3, a gastric tube was used to replace the
esophagus, and it was implanted in an antethoracic route. One
reason for this choice was the fact that anastomotic failure and
cutaneous fistula formation occurred in all of 3 cases who under-
went esophageal reconstruction. In the cases of AEF after prosthetic
replacement, the upper or middle part of the esophagus is dam-
aged, and the esophagostoma to be formed in the first stage is on
the clavicle. The third-stage reconstruction has to bridge an unusu-
ally great distance, and we suspect that resulting mechanical stress
and inadequate blood-flow led to anastomotic failure. Reconstruc-
tion methods need to be considered, for example selecting colon
reconstruction.

4. Conclusion

We reported the clinical features and outcomes of treatment
of secondary AEF after prosthetic aortic replacement in 4 cases.
Based on our experience, the approach involving early diagnosis,
disruption of the infected fistula by esophagectomy, treatment of
prosthetic graft infection, prevention of possible pseudoaneurysm
formation, and esophageal reconstruction, appears to be a valid
therapeutic strategy for secondary AEF.

Funding

The authors declare there are no funding resources for this
paper.

Ethical approval

Institutional review board approval was not required because
all data were collected from clinical records and imaging systems
for routine preoperative planning and follow-up.
Consent

Written informed consent was obtained from all of the patients
for publication of this case report and accompanying images. A copy
of the written consent is available for review by the Editor-in-Chief
of this journal on request.
Author contribution

ME wrote the manuscript. TK, NT, and TS supervised writing the
manuscript. All authors were part of the surgical team that treated
these patients. All authors read and approved submission of the
final manuscript.
Registration of research studies

We have registered our research at http://www.
researchregistry.com. The unique identifying number of our
study is “researchregistry5919”.

Guarantor

Masahide Enomoto.
Tomoaki Suzuki.

Provenance and peer review

Not commissioned, externally peer-reviewed.
CRediT authorship contribution statement

Masahide Enomeoto: Data curation, Writing - original draft.
Takeshi Kinoshita: Visualization. Noriyuki Takashima: Visual-
ization. Fumihiro Miyashita: Data curation. Tomoaki Suzuki:
Supervision, Project administration, Writing - review & editing.
Declaration of Competing Interest

The authors report no declarations of interest.

Acknowledgement

Participating investigator: Yasuo Kondo, Kohei Hachiro and
Hodaka Wakisaka. This research did not receive any specific grant


http://www.researchregistry.com
http://www.researchregistry.com
http://www.researchregistry.com
http://www.researchregistry.com

M. Enomoto et al. / International Journal of Surgery Case Reports 75 (2020) 37-41 41

from funding agencies in the public, commercial, or not-for-profit
sectors.

References

[1] H. Eggebrecht, R.H. Mehta, A. Dechene, K. Tsagakis, H. Kiihl, S. Huptas, G.
Gerken, H.G. Jakob, R. Erbel, Aortoesophageal fistula after thoracic aortic
stent-graft placement, JACC Cardiovasc. Interv. 2 (2009) 570-576.

[2] R. Chiesa, G. Melissano, E.M. Marone, M.M. Marrocco-Trischitta, A. Kahlberg,
Aorto-oesophageal and aortobronchial fistulae following thoracic
endovascular aortic repair: a national survey, Eur. J. Vasc. Endovasc. Surg. 39
(2010) 273-279.

[3] B.Kritpracha, D. Premprabha, J. Sungsiri, W. Tantarattanapong, S. Rookkapan,
P. Juntarapatin, Endovascular therapy for infected aortic aneurysms, J. Vasc.
Surg. 54 (2011) 1259-1265.

[4] A. Saito, N. Motomura, O. Hattori, O. Kinoshita, S. Shimada, Y. Saiki, S. Kyo, M.
Ono, Outcome of surgical repair of aorto-eosophageal fistulas with
cryopreserved aortic allografts, Interact. Cardiovasc. Thorac. Surg. 14 (2012)
532-537.

[5] L. Canaud, B.A. Ozdemir, W.W. Bee, S. Bahia, P. Holt, M. Thompson, Thoracic
endovascular aortic repair in management of aortoesophageal fistulas, ]. Vasc.
Surg. 59 (2014) 248-254.

[6] T.Yamazato, T. Nakamura, N. Abe, K. Yokawa, Y. Ikeno, Y. Koda, S. Henmi, H.
Nakai, Y. Gotake, T. Matsueda, T. Inoue, H. Tanaka, Y. Kaneji, Y. Okita, Surgical

Open Access

[7]

[8

[9

[10]

[11]

strategy for the treatment of aortoesophageal fistula, ]. Thorac. Cardiovasc.
Surg. 155 (2018) 32-40.

M. Amano, T. Azuma, C. Izumi, H. Hashimoto, M. Nonaka, Y. Asao, F. Kusumi,
R. Sada, H. Ishimaru, K. Hatta, Y. Kori, Aortic prosthetic graft infection
accompanied with esophagomediastinal fistulas, J. Cardiol. Cases 6 (2012)
e51-54.

H. Munakata, K. Yamanaka, K. Okada, Y. Okita, Successful surgical treatment
of aortoesophageal fistula after emergency thoracic endovascular aortic
repair: aggressive debridement including esophageal resection and extended
aortic replacement, . Thorac. Cardiovasc. Surg. 146 (2013) 235-237.

A. Kamigaichi, Y. Hamai, M. Emi, Y. Ibuki, S. Takahashi, K. Katayama, T.
Furukawa, M. Okada, Three-step surgical treatment of aortoesophageal fistula
after thoracic endovascular aortic repair: a case report, Int. J. Surg. Case Rep.
65 (2019) 221-224.

R.A. Agha, ML.R. Borrelli, R. Farwana, K. Koshy, A. Fowler, D.P. Orgill, For the
PROCESS Group, The PROCESS 2018 statement: updating consensus Preferred
Reporting of CasE Series in Surgery (PROCESS) guidelines, Int. J. Surg. 60
(2018) 279-282.

E.P. Xi, J. Zhu, S.B. Zhu, Y. Zhang, Secondary aortoesophageal fistula after
thoracic aortic aneurysm endovascular repair: literature review and new
insights regarding the hypothesized mechanisms, Int. J. Clin. Exp. Med. 7
(2014) 3244-3252.

This article is published Open Access at sciencedirect.com. It is distributed under the IJSCR Supplemental terms and conditions, which
permits unrestricted non commercial use, distribution, and reproduction in any medium, provided the original authors and source are

credited.


http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0005
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0010
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0015
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0020
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0025
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0030
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0035
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0040
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0045
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0050
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0055
http://refhub.elsevier.com/S2210-2612(20)30621-0/sbref0055
http://www.sciencedirect.com
http://www.elsevier.com/wps/find/journaldescription.cws_home/723449/preface2

	Surgical treatment for secondary aortoesophageal fistula after prosthetic aortic replacement: A report of four cases
	1 Introduction
	2 Case presentation
	2.1 Brief case histories before staged surgeries
	2.2 Our staged treatment strategy is as follows
	2.3 Outcomes after staged surgery

	3 Discussion
	4 Conclusion
	Funding
	Ethical approval
	Consent
	Author contribution
	Registration of research studies
	Guarantor
	Provenance and peer review
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgement

	References

