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ABSTRACT

INTRODUCTION: Aortoesophageal fistula (AEF) is a fatal complication results in sudden massive
hematemesis. Although thoracic endovascular aortic repair (TEVAR) is an established method of treating
aortic aneurysms or aortic dissection, the number of AEF after TEVAR is recently increasing due to the
spread of TEVAR. However, the therapeutic strategy for AEF remains controversial.

PRESENTATION OF CASE: We describe a 71-year-old man with Stanford B aortic dissection and aortic
aneurysm rupture treated by TEVAR who developed AEF between the thoracic aorta and upper thoracic
esophagus 20 months thereafter. We applied a three-step surgical procedure for this patient comprising
resection of the esophagus as the infectious source, removal of an aortic aneurysm with stent-graft and
replacement of the aorta, and final reconstruction of the esophagus. Thereafter, the patient resumed oral
intake and has remained relapse-free for 24 months without adverse events.

DISCUSSION: Previous reports have described simultaneous resection of the esophagus and aortic stent-
graft via a left thoracotomy followed by a two-step surgical reconstruction of the esophagus. We applied
a three-step procedure consisting of resections of the esophagus and aortic stent-graft on separate occa-
sions followed by esophageal reconstruction in this patient. The first procedure in the three-step approach
is less stressful than that of the two-step approach.

CONCLUSION: The three-step surgical approach to treating AEF after TEVAR resulted in a good outcome

for this patient. Thus, this surgical strategy is a useful option for treating AEF after TEVAR.
© 2019 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/).

1. Introduction

Endovascular techniques were first reported for the abdominal
aortic aneurysms by Parodiin 1991 [1]. The first successful outcome
of treatment for thoracic aortic aneurysm reported by Dake in 1994,
was referred to as thoracic endovascular aortic repair (TEVAR) [2].
Since then, TEVAR has become an established treatment for aortic
aneurysms or aortic dissection because it is minimally invasive and
therapeutic outcomes are good [3]. On the other hand, TEVAR is also
associated with several complications, including paraplegia, renal
failure, stroke, post-implantation syndrome, device migration and
aortoesophageal fistula (AEF) formation [4-6].

The formation of an AEF after TEVAR was originally reported
in 1998 by Norgren [7] and the number of reports describing
AEF has increased as TEVAR applications have widened and post-
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treatment followup periods have lengthened. Aortoesophageal
fistulae develop after TEVAR in 1.7%-1.9% of patients at a median
of 11.6 months [8,9]. The main causes of death are fatal bleed-
ing, mediastinitis and sepsis [9]. The reported mortality rates after
surgical and conservative therapy for AEF after TEVAR are 64%
and 100%, respectively [5]. Therefore, the prognosis of AEF after
TEVAR is almost as poor as that of AEF arising in the absence
of TEVAR, and only surgery can save the life of patients with
AEF after TEVAR. However, treatment strategies including surgical
approaches remain controversial. We describe a patient with AEF
after TEVAR who was treated via a three-step surgical approach
with a good outcome. This work has been reported in line with the
SCARE criteria [10].

2. Case presentation

A 71-year-old man with a history of TEVAR for Stanford B
aortic dissection and aortic aneurysm rupture 20 months ago pre-
sented at a local medical clinic with fever over 38 °C. Laboratory
findings revealed elevated infectious indicators, and he was pre-

2210-2612/© 2019 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. A, B. Computed tomography images of fistula between aorta and esophagus (arrow) and free air surrounding aortic stent-graft (arrowhead). A, axial image. B, coronal
image. C. Upper gastrointestinal endoscopy shows ulcer on left lateral wall of upper thoracic esophagus (arrow).
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Fig. 2. Clinical course of the patient with aortoesophageal fistula after thoracic
endovascular aortic repair.

scribed with antibiotics. However, he presented at his primary
care hospital one week later without symptomatic improvement.
Contrast-enhanced computed tomography at that time identified
a fistula between the esophagus (Fig. 1A and B) and an aor-
tic aneurysm, and upper gastrointestinal endoscopy revealed an
esophageal ulcer (Fig. 1C). Therefore, he was diagnosed with AEF
after TEVAR and immediately transferred to our hospital for sur-
gical therapy. On admission, he did not have hematemesis and
was hemodynamically stable. He required emergency surgery to
the control the spread of infection and prevent fatal bleeding. We
planned a three-step surgical approach (Fig. 2).

The first step of the procedure on the day of admission com-
prised esophagectomy via a right thoracotomy at the fourth
intercostal space with the patient in the left lateral position. We cut
the esophagus above the AEF and diaphragm and resected part of it
that also included the AEF. Intraoperative findings revealed exten-
sive inflammation of the mediastinal tissue and leakage of infected

old blood from the aortic fistula without massive bleeding (Fig. 3A).
We placed drains in the right thoracic cavity and the mediastinum
beside the aortic fistula. The patient was then placed in the supine
position and the residual esophagus was brought to the left cervical
region as an esophagostomy. A feeding jejunostomy tube was then
placed via a small abdominal incision. He was admitted to the surgi-
cal intensive care unit thereafter, and infection control was started
by abscess draining and antibiotic administration. Gross findings of
the resected esophagus showed a perforation site with a maximum
diameter of 1.0 cm (Fig. 3B).

No bacteria were identified in blood culture; however, Kleb-
siella pneumonia and Prevotella melaninogenic were identified in
mediastinal tissue culture. Antibiotics, abscess drainage and pleural
lavage were performed, however they did not completely improve
the inflammatory response after the first surgery. Therefore, we
removed residual infected foci as soon as the patient’s status
became stabilized. The second step of the procedure was imple-
mented one month later to remove the thoracic aortic aneurysm
and artificial stent-graft and to restore the aorta in situ with a
synthetic vascular prosthesis through a left thoracotomy. The pros-
thesis was infiltrated with rifampicin before graft replacement to
prevent repeated infection. Thereafter, the inflammatory response
and the general status of the patient gradually improved under
antibiotics, drainage and pleural lavage. He developed strength
through postoperative rehabilitation and enteral nutrition man-
agement.

Three months after the second step, the third step addressed
the esophageal defect. A narrow gastric tube fashioned by laparo-
tomy was brought up through the ante-thoracic route, and cervical
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Fig. 3. Intraoperative and gross findings of fistula.

A: Intraoperative findings of fistula in aortic wall after esophageal resection (arrow). Blood oozed only from fistula.
B: Gross findings of esophagus show fistula with maximum diameter of 1.0 cm (arrow).

esophagogastrostomy proceeded. The patient recovered unevent-
fully, resumed oral intake and was discharged on postoperative day
37. The patient remains free of disease and adverse events at 24
months after completing the three-step procedure.

3. Discussion

Although AEF is rare, it is fatal with sudden massive hemateme-
sis. However, the number of reported cases which can get back into
society has been gradually increasing since a life-saving case by the
surgical procedure was reported for the first time in 1983 [11]. The
causes of AEF are aortic aneurysm (50%), esophageal cancer (17%),
esophageal foreign body (20%) and others including trauma and
surgical complications (13%) [12].

Recentreports have indicated that TEVAR can cause AEF[6,8,13].
Several proposed mechanisms of AEF development after TEVAR
include infection of a stent-graft and aortic aneurysm, direct ero-
sion of a stent-graft through the aorta into the esophagus, necrosis
due to continuous pressure from an aortic stent-graft and large
aneurysm and ischemic esophageal necrosis due to occlusion of
the esophageal artery that feeds the esophagus [6,8,13] More AEF
after TEVAR is predictable due to the recent broadening of TEVAR
applications.

Symptoms of AEF comprise not only hemorrhage or severe
chest/back pain, but also vague non-specific symptoms such as
fever and an elevated inflammatory response [14-16]. The fre-
quency of massive bleeding associated with AEF after TEVAR is
relatively low because the fistula is located between the esoph-
agus and false lumen of aorta after TEVAR. This can delay initial
treatment as in our patient. When patients with a history of TEVAR
present with non-specific symptoms, AEF should be considered.

The control of infection and fatal bleeding is mandatory to save
the lives of patients with AEF after TEVAR and sources of infec-
tion such as the esophagus, aortic wall and artificial stent-graft
must be removed. Thereafter, antibiotics and sustainable drainage
with lavage is required for continued infection control. Moreover,
re-implantation of a synthetic vascular prosthesis with protection
against re-infection, such as a synthetic graft infiltrated with antibi-
otics and omental packing, are necessary for revascularization [17].

Previous reports have described simultaneous resection of the
esophagus and aortic stent-graft via a left thoracotomy followed by
a two-step surgical reconstruction of the esophagus [17,18]. Here,
we applied a three-step procedure consisting of resections of the
esophagus and aortic stent-graft on separate occasions followed by
esophageal reconstruction, because massive bleeding did not occur
in AEF after TEVAR in this patient. The first procedure in the three-
step approach is less stressful than that of the two-step approach.

Furthermore, we could restore the aorta during the second pro-
cedure using a synthetic vascular prosthesis under conditions of
considerable infection control. Thereafter, esophageal reconstruc-
tion can be planned as the third step after total infection control and
adequate improvement in the general physical status of a patient
with AEF. The general status of such patients is often too poor to
endure highly invasive surgery. Therefore, we considered the need
to improve safety as much as possible during each highly invasive
step.

The shortcoming of the three-step surgical approach is the pos-
sibility of difficult infection control after the first step due to an
unresected infected aorta and risk of bleeding from the fistula.
Therefore, the second step might need to be implemented as soon
as possible if difficulties are encountered with infection control or
bleeding. The main advantage of two-step surgery is better infec-
tion control because of complete removal of the infected tissue.
From this point of view, two-step surgical approach may be more
suitable for patients who can endure high operative stress.

Reports describing AEF after TEVAR remain scant and optimal
therapeutic strategies remain controversial. Here, we found that a
three-step surgical approach improved the safety of each step of
the procedure by reducing surgical stress. This resulted in a good
outcome for this patient with AEF. Thus, this surgical strategy might
be a useful option for treating AEF after TEVAR.

4. Conclusions
Optimal therapy could save the lives of patients with AEF after
TEVAR. Treatment strategies remain controversial, but we feel that

the three-step surgical approach described herein could be a useful
therapeutic option for AEF after TEVAR.

Declaration of Competing Interest

All authors have no conflict of interest.

Sources of funding

No funding was received.

Ethical approval

The Institutional Review Board at Hiroshima University - This
investigation is exempt from ethical approval at our institution.



CASE REPORT - OPEN ACCESS

224 A. Kamigaichi, Y. Hamai, M. Emi et al. / International Journal of Surgery Case Reports 65 (2019) 221-224

Consent

The patient provided written, informed consent to the publica-
tion of this case report.

Author contribution

AK wrote the manuscript. YH, YI and ME supervised writing the
manuscript. All authors were part of the surgical team that treated
this patient. All authors read and approved submission of the final
manuscript.

Registration of research studies
Not applicable.
Guarantor

Atsushi Kamigaichi.
Morihito Okada.

Provenance and peer review
Not commissioned, externally peer-reviewed

References

[1] J.C. Parodi, J.C. Palmaz, H.D. Barone, Transfemoral intraluminal graft
implantation for abdominal aortic aneurysms, Ann. Vasc. Surg. 5 (1991)
491-499.

[2] M.D. Dake, D.C. Miller, C.P. Semba, R.S. Mitchell, P.J. Walker, R.P. Liddell,
Transluminal placement of endovascular stent-grafts for the treatment of
descending thoracic aortic aneurysms, N. Engl. J. Med. 331 (1994) 1729-1734.

[3] J. Fatima, A.A. Duncan, E. de Grandis, G.S. Oderich, M. Kalra, P. Gloviczki, T.C.
Bower, Treatment strategies and outcomes in patients with infected aortic
endografts, J. Vasc. Surg. 58 (2013) 371-379.

[4] GJ. Wang, R.M. Fairman, Endovascular repair of the thoracic aorta, Semin.
Intervent. Radiol. 26 (2009) 17-24.

[5] 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.

Open Access

[6] M. Czerny, D. Zimpfer, T. Fleck, R. Gottardi, M. Cejna, M. Schoder, ]. Lammer, E.
Wolner, M. Grabenwoger, M.R. Mueller, Successful treatment of an
aortoesophageal fistula after emergency endovascular thoracic aortic
stent-graft placement, Ann. Thorac. Surg. 80 (2005) 1117-1120.

[7] L. Norgren, B. Jernby, L. Engellau, Aortoenteric fistula caused by a ruptured
stent-graft: a case report, J. Endovasc. Surg. 5 (1998) 269-272.

[8] E.P.Xi,]. 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.

[9] 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: a rare but catastrophic complication of a novel
emerging technique, JACC Cardiovasc. Interv. 2 (2009) 570-576.

[10] R.A. Agha, M.R. Borrelli, R. Farwana, K. Koshy, A. Fowler, D.P. Orgill, For the
SCARE Group, The SCARE 2018 statement: updating consensus surgical CAse
REport (SCARE) guidelines, Int. J. Surg. 60 (2018) 132-136.

[11] D.M. Snyder, E.S. Crawford, Successful treatment of primary aorta-esophageal
fistula resulting from aortic aneurysm, J. Thorac. Cardiovasc. Surg. 85 (1983)
457-463.

[12] J.E. Hollander, G. Quick, Aortoesophageal fistula: a comprehensive review of
the literature, Am. J. Med. 91 (1991) 279-287.

[13] H.Eggebrecht, M. Thompson, H. Rousseau, M. Czerny, L. Lénn, R.H. Mehta, R.
Erbel, European Registry on Endovascular Aortic Repair Complications.
Retrograde ascending aortic dissection during or after thoracic aortic stent
graft placement: insight from the European registry on endovascular aortic
repair complications, Circulation 120 (2009) S276-S281.

[14] S. Kawamoto, M. Sato, N. Motoyoshi, K. Kumagai, O. Adachi, T. Saito, ].
Teshima, T. Kamei, G. Miyata, Y. Saiki, Outcomes of a staged surgical
treatment strategy for aortoesophageal fistula, Gen. Thorac. Cardiovasc. Surg.
63 (2015) 147-152.

[15] L. Cheng, J. Zhu, X. Liu, W. Liu, H. Hy, J. Zhang, J. Liang, L. Sun, A successful
three-stage surgical treatment for aortoesophageal fistula after thoracic
endovascular aortic repair and esophageal stent repair, Ann. Thorac. Surg. 102
(2016) e503-5.

[16] E. Gavens, Z. Zaidi, W. Al-Jundi, P. Kumar, Aortoesophageal fistula after
endovascular aortic aneurysm repair of a mycotic thoracic aneurysm, Int. J.
Vasc. Med. 2011 (2011), 649592.

[17] 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, J. Thorac. Cardiovasc. Surg. 146 (2013) 235-237.

[18] Y. Okita, K. Yamanaka, K. Okada, M. Matsumori, T. Inoue, K. Fukase, T.
Sakamoto, S. Miyahara, T. Shirasaka, N. [zawa, T. Ohara, Y. Nomura, H. Nakai,
Y. Gotake, H. Kano, Strategies for the treatment of aorto-oesophageal fistula,
Eur. ]. Cardiothorac. Surg. 46 (2014) 894-900.

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(19)30613-3/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0060
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0060
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0060
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0060
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0060
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0060
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0060
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0060
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0060
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0060
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0060
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0060
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0060
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0060
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0060
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0060
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0060
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0060
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0060
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0060
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0070
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0070
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0070
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0070
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0070
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0070
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0070
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0070
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0070
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0070
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0070
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0070
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0070
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0070
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0070
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0070
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0070
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0070
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0070
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0070
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0070
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0070
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0070
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0070
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0070
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0070
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0070
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0070
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0070
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0070
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0070
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0070
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0070
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0070
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0070
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0070
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0070
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0070
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0070
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0075
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0080
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0080
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0080
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0080
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0080
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0080
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0080
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0080
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0080
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0080
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0080
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0080
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0080
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0080
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0080
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0080
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0080
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0080
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0080
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0080
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0080
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0080
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0080
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0080
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0080
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0080
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0080
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0085
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0085
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0085
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0085
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0085
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0085
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0085
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0085
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0085
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0085
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0085
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0085
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0085
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0085
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0085
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0085
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0085
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0085
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0085
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0085
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0085
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0085
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0085
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0085
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0085
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0085
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0085
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0085
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0085
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0085
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0085
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0085
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0085
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0085
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0085
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0085
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0085
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0085
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0090
http://refhub.elsevier.com/S2210-2612(19)30613-3/sbref0090
http://www.sciencedirect.com
http://www.elsevier.com/wps/find/journaldescription.cws_home/723449/preface2

	Three-step surgical treatment of aortoesophageal fistula after thoracic endovascular aortic repair: A case report
	1 Introduction
	2 Case presentation
	3 Discussion
	4 Conclusions
	Declaration of Competing Interest
	Sources of funding
	Ethical approval
	Consent
	Author contribution
	Registration of research studies
	Guarantor
	Provenance and peer review
	References


