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INTRODUCTION:  Transoesophageal  echocardiography  (TOE)  is a widely  used  intraoperative  diagnostic
tool  in  cardiac  patients,  and  it is  considered  as  a  safe  and  non-invasive  procedure.  However,  it has  its
known  complications,  which  is estimated  to  be 0.18%  with  mortality  reported  as  0.0098%.

Complications  of  TOE  include  odynophagia,  upper  gastrointestinal  haemorrhage,  endotracheal  tube
malpositioning  and  dental  injury.  One  of the  rarer  complications  includes  oesophageal  perforation,  whose
incidence  is  reported  to be 0.01%.
CASE  PRESENTATION:  We  present  a case  of  a 61-year-old  lady with  mitral  valve  prolapse  (MVP)  who  under-
went TOE  with  subsequent  presentation  of  odynophagia  with  left  neck  swelling.  An  upper  endoscopy
examination  was  inconclusive;  however,  a contrasted  computed  tomography  of  the  neck  showed  evi-
dence  of cervical  oesophageal  perforation.  She  was  managed  conservatively  and  discharged  well.
DISCUSSION:  The  trauma  caused  by TOE  probe  insertion  and  manipulation  accounts  for most  of  the  upper
gastrointestinal  complications.  Mortality  of patients  associated  with  oesophageal  perforation  can  be  up
to 20%  and  doubled  if the  treatment  is  delayed  for more  than  24  h.  Mechanism  of  injury  from  TOE  probe  is
likely  multifactorial.  Predisposing  factors  that increase  the  risk  of  tissue  disruption  include  the  presence
of  unknown  structural  pathology.  Imaging  studies  and  an upper  endoscopy  examination  may  aid  in the

diagnosis  of oesophageal  perforation.
CONCLUSION:  A high  index  of  suspicion,  coupled  with  a tailored,  multidisciplinary  approach,  is essential
to  achieve  the  best  possible  outcome.  Conservative  management  may  be worthwhile  in  a stable  patient
despite  delayed  presentation.  Although  TOE is considered  a safe  procedure,  physicians  should  be  made
aware of such  a dreaded  complication.

© 2019  The  Authors.  Published  by  Elsevier  Ltd  on  behalf  of  IJS Publishing  Group  Ltd.  This is  an  open
 artic
access

. Introduction

Transoesophageal Echocardiography (TOE) is a crucial inves-
igative procedure for perioperative assessment of cardiac patients.
t is a relatively safe procedure but carries up to 3% risk of
omplications [1]. Complications of TOE include odynophagia,
pper gastrointestinal haemorrhage, endotracheal tube malpo-
itioning and dental injury [2]. One of the rarer complications
ncludes oesophageal perforation, whose incidence is reported to

e 0.01–0.09%, and is higher when TOE examination occurred dur-

ng intraoperative setting [3,4] Mortality of patients associated with
esophageal perforation can be up to 20% and doubled if the treat-
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ment is delayed for more than 24 h [1]. Mechanism of injury with
the TOE probe is likely multifactorial [2]. Here, we report on the
successful conservative management of a 61-year-old lady with
iatrogenic perforated cervical oesophagus following TOE. This case
has been reported in line with the SCARE criteria [5].

2. Case report

A 61-year-old lady presented to us with a four days history
of left-sided neck swelling associated with odynophagia. She has
pre-existing atrial fibrillation since ten years back and she is on
non-Vitamin K antagonist oral anticoagulant (NOAC). Before this
presentation, she had undergone unsuccessful transoesophageal

echocardiography (TOE) at a heart centre to investigate her mitral
valve prolapse. The TOE was abandoned as they had difficulty
inserting the TOE probe. At the heart centre, she was  monitored
for a day post procedure and was discharged well.
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Fig. 1. Upper endoscopy image showing normal oesophageal mucosa.

Fig. 2. Axial view of CECT of the neck showing a prevertebral soft tissue swelling
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Figs. 3 and 4. Coronal and sagittal view of CECT of the neck showing a semilunar
hypodense collection with rim-enhancing wall from the left submandibular space
superiorly to the suprasternal region inferiorly.

Fig. 5. Axial view of plain CT of the neck (post gastrograffin) showing contrast
leakage within the previously hypodense collection at the left paravertebral region.
ith a maximal thickness measuring 2.2 cm and the presence of air pockets at the
evel  of C7.

Upon further history, she denies having upper gastrointesti-
al symptoms prior to this. On clinical examination, she appears
ell and afebrile. There was a left anterior neck swelling mea-

uring 4 cm x 4 cm which was tender on palpation. There were no
kin changes and no cervical lymph nodes palpable. All other sys-
emic examinations were unremarkable. Initial blood investigation
howed mild leukocytosis (11.4 × 109/L), but the rest of her blood
nvestigations were normal. We  suspected a delayed iatrogenic
pper oesophageal perforation secondary to her recent TOE.

We proceeded with an upper endoscopic examination, but
nfortunately, we were unable to visualize any mucosal abnor-
alities over the oesophagus (Fig. 1). She did, however, have an

ssociated sliding hiatus hernia. A contrasted computed tomogra-
hy (CECT) of the neck was performed. It showed a prevertebral
oft tissue swelling with a maximal thickness measuring 2.2 cm
nd the presence of air pockets at the level of C7 (Fig. 2). A semilu-
ar hypodense collection with rim-esnhancing wall is seen from
he left submandibular space superiorly to the suprasternal region
nferiorly (Figs. 3 and 4 ). Subsequently, we performed a targeted
pper gastrointestinal study with gastrograffin with a complemen-
ary plain CT of the neck. Contrast leakage was seen within the
reviously hypodense collection at the left paravertebral region,
nd the contrast media is seen tracking into the left submandibu-
ar space superiorly and inferiorly, until the level of T1 (Fig. 5 ). A
iagnosis of oesophageal perforation is thus confirmed, although

he defect is likely small, as no contrast leakage was seen during
he dynamic study.
As the patient was  clinically well, and the upper endoscopy
examination did not show any apparent mucosal defect, we elect
to manage her conservatively. She was kept nil-by-mouth for a
week, and total parenteral nutrition was  initiated. She was also
empirically started on broad-spectrum intravenous antibiotics. Her
clinical condition improved with resolution of the neck swelling as
well as the odynophagia. She was started on oral feeding after a
week and subsequently discharged well. She was seen in our clinic
four weeks after discharge, and she remains well. A repeated upper
gastrointestinal study performed six months later showed smooth
contrast flow though the oesophagus with no contrast extravasa-
tion.



 –  O
 of Sur

3

t
I
c
u
s
i
b
v
d

a
T
a
o
b
v
b
p
h
c
i

[
a
p
o
t
i
fi
b
s
o
o
t
o
a
t
i
d

g
c
t
t
h
m
r
c
o
p
d
p

p
s
c
p
t
o
[
t

t

CASE  REPORT
N.B. Rosly et al. / International Journal

. Discussion

Transoesophageal Echocardiography (TOE) is a crucial inves-
igative procedure for perioperative assessment of cardiac patients.
t is a relatively safe procedure but carries up to 3% risk of
omplications [1]. Complications of TOE include odynophagia,
pper gastrointestinal haemorrhage, endotracheal tube malpo-
itioning and dental injury [2]. One of the rarer complications
ncludes oesophageal perforation, whose incidence is reported to
e 0.01–0.09% [3,4]. Other reported serious complications include
ocal cord paralysis, hypotension, dysrhythmias, seizures and car-
iac arrest [1].

The trauma caused by TOE probe insertion and manipulation
ccounts for most of the upper gastrointestinal complications.
hese are usually confined to the oropharyngeal, oesophageal
nd the stomach [3]. Major gastrointestinal complications include
esophageal or gastric perforation, and upper gastrointestinal
leeding requiring blood transfusion, endoscopic or surgical inter-
ention [6]. The incidence of such complications is reported to
e 1.2% [5]. Late presentation (>24 h) is more common than early
resentation [6]. The incidence of oesophageal perforation itself,
owever, is reported to be 0.03-0.09% [4] Mortality of patients asso-
iated with oesophageal perforation can be up to 20% and doubled
f the treatment is delayed for more than 24 h [1].

Mechanism of injury from TOE probe is likely multifactorial
2,6] Direct trauma from the TOE probe during blind insertion
nd manipulation is a likely factor, especially in anaesthetized
atients [2,6] Often, upper oesophageal injury or perforation
ccurred when the TOE operator encountered excessive resis-
ance or difficulty inserting the TOE probe [2]. Other factors
nclude local tissue thermal injury, pressure effects, vascular insuf-
ciency, and local mucosal ischemia during a cardiopulmonary
ypass [2,6]. Predisposing factors that increase the risk of tis-
ue disruption include the presence of an unknown oesophageal
r gastric structural pathology. These include Mallory-Weiss tear,
esophageal stenosis, Barrett’s oesophagus, Zenker’s diverticulum,
umour or strictures. Medications which may  affect the integrity of
esophageal mucosae such as corticosteroids and bisphosphonates
lso increases the risk of oesophageal injury [2,7,8]. It is essential
o note, however, that most cases of oesophageal perforation occur
n patients with perceived low risk and hence, screening for pre-
isposing risk factors may  not eliminate the risk of perforation [9].

The most common site of perforation is the cervical oesopha-
us. It is postulated that the crossing of muscle fibres between the
ricopharyngeus and the constrictor muscle of the pharynx makes
his segment more susceptible to injury [8]. Similarly, in our case,
he perforation occurred at the cervical oesophagus, which likely
appened during probe insertion attempt. Due to the continuous
ovement of the cervical oesophagus from swallowing and respi-

ation, injury or perforation to this part may  give rise to significant
omplications. However, compared to the other segments of the
esophagus, perforation at the cervical oesophagus carries a better
rognosis [10]. Cervical oesophageal perforations also tend to be
etected earlier, as it usually occurs in the non-operative group of
atients [9].

Symptoms of oesophageal perforation include odynophagia,
ainful cervical contracture, retrosternal pain, dysphagia, foul-
melling expectoration, dysphonia and dyspnea [2,8,10]. The most
ommon clinical sign seen in cervical oesophagus perforation is the
resence of subcutaneous emphysema with crepitation on palpa-
ion of the neck [10]. In the more advanced stage, cellulitic changes
ver the cervical region, fever and lung changes might manifest

10]. Delayed detection of an oesophageal perforation may  progress
o mediastinitis, multiorgan failure due to sepsis and death [4].

Prompt diagnosis and careful investigations are needed in order
o advocate the early management of patients. A high index of
PEN  ACCESS
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suspicion is crucial, particularly in this patient where there was
a struggle in introducing the scope. In patients who are anaes-
thetized after cardiac surgery, it can be very challenging to identify
an oesophageal injury or perforation [4].

Imaging studies and an upper endoscopy examination may  aid
in the diagnosis of oesophageal perforation. Plain radiographs of
the neck and chest are vital initial investigations. These will allow
for the assessment of any radiopaque foreign bodies, pneumo-
mediastinum, subcutaneous emphysema and any associated lung
pathologies such as pneumothorax, effusions or consolidation [8].
However, as in our patient, chest radiographs are usually normal in
patients with an oesophageal injury [4].

Upper endoscopy is a safe investigative tool in cases of
oesophageal perforation [11]. The use of carbon dioxide insufflation
will reduce the risk of pneumothorax or subcutaneous emphy-
sema [11]. Contrast study of the upper gastrointestinal tract using
gastrograffin or barium is also useful. Water-soluble compound is
preferred as these produce minimal tissue reaction when compared
to barium compound. However, false negative rates in detecting
oesophageal perforation using water-soluble compounds can be as
high as 50% [11]. Computed tomography (CT) of the neck when
added in combination with other investigative tools, aids in local-
ization of deep collections. It also helps in deciding whether a
more aggressive or conservative approach is used, as well as for
the assessment of response to treatment [11,12].

Recent evidence has shifted towards more conservative man-
agement of oesophageal perforations [13]. It compromises of
keeping the patient nil-by-mouth, nasogastric suction, broad-
spectrum antibiotics and parenteral nutrition. The placement of
oesophageal endoscopic stents in oesophageal perforation appears
to be a promising non-operative approach [11,13]. Oesophageal
injury from the TOE probe is ideal cases for endoscopic stent
placement as there is minimal bacterial contamination [11]. How-
ever, there are still limited data available regarding endoscopic
stent placement as compared to the standard surgical approach
in oesophageal perforation.

4. Conclusion

This case highlights the importance of early recognition and
management of a rare complication of TOE. A high index of sus-
picion, coupled with a tailored, multidisciplinary approach, is
essential to achieve the best possible outcome. This case also high-
lights that conservative management may  be worthwhile in a stable
patient despite delayed presentation. Although TOE is considered a
safe procedure, physicians should be made aware of such a dreaded
complication.

Source of funding

No source of funding.

Ethical approval

The National University of Malaysia’s Ethics Committee has
exempted the need for an ethical approval for any case report being
written/ published.

Consent
Written informed consent was obtained from the patient 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.



 –  O
1  of Sur

A

R

R

M
p

S

R

G

P

D

R

[

[

[

[

O
T
p
c

CASE  REPORT
64 N.B. Rosly et al. / International Journal

uthor’s contribution

Study concepts: Nik Ritza Kosai, Mohamad Aznan Bin Shuhaili,
eynu Rajan.

Study design: Nik Ritza Kosai, Mohamad Aznan Bin Shuhaili,
eynu Rajan.

Data acquisition: Nadiah Binti Rosly, Loo Guo Hou.
Quality control of data and algorithms: Nik Ritza Kosai,

ohamad Aznan Bin Shuhaili, Reynu Rajan, Data analysis and inter-
retation: Nadiah Binti Rosly, Loo Guo Hou.

Statistical analysis: -Not applicable.
Manuscript preparation: Loo Guo Hou, Nadiah Binti Rosly.
Manuscript editing: Loo Guo Hou.
Manuscript review: Nik Ritza Kosai, Mohamad Aznan Bin

huhaili.

egistration of research studies

Not applicable.

uarantor

Professor Dr Nik Ritza Kosai, Loo Guo Hou.

rovenance and peer review

Not commissioned.

eclaration of Competing Interest

No conflict of interests.
eferences

[1] Task force on perioperative transesophageal echocardiography: practice
guidelines for perioperative echocardiography: a report by the American

pen Access
his article is published Open Access at sciencedirect.com. It is distrib
ermits unrestricted non commercial use, distribution, and reproduct
redited.
PEN  ACCESS
gery Case Reports 61 (2019) 161–164

Society of Cardiovascular Anesthesiologist’s Task Force on Transesophageal
Echocardiography, Anesthesiology 84 (1996) 986–1006.

[2] Ji Yeon Kim, Choon Hak Lim, Won  Hyuk Go, Ki Hwa Lee, Jung Won  Kim, Distal
oesophageal stricture after transoesophageal echocardiography in a cardiac
surgical patient, Eur. J. Echocardiogr. 11 (December (10)) (2010) 889–891.

[3] J.G. Augoustides, H.H. Hosalkar, B.L. Milas, M. Acker, J.S. Savino, Upper
gastrointestinal injuries related to perioperative transesophageal
echocardiography: index case, literature review, classification proposal, and
call  for a registry, J. Cardiothorac. Vasc. Anaesth. 20 (June (3)) (2006) 379–384.

[4] H.C. Kim, J.H. Oh, Y.C. Lee, Esophageal perforation after perioperative
transesophageal echocardiography: a case report, J. Med. Case Rep. 10
(December (1)) (2016) 338.

[5] 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.

[6] M.J. Lennon, N.M. Gibbs, W.M.  Weightman, J. Leber, H.C. Ee, I.F. Yusoff,
Transesophageal echocardiography-related gastrointestinal complications in
cardiac surgical echocardiography-related gastrointestinal complications in
cardiac surgical patients, J. Cardiothorac. Vasc. Anesth. 19 (April (2)) (2005)
141–145.

[7] S. Toyoda, S. Inami, T. Masawa, I. Shibasaki, Y. Yamada, H. Fukuda, T. Kubo, M.
Nakajima, H. Kato, T. Inoue, Hypopharyngeal perforation caused by
intraoperative transesophageal echocardiography, J. Med. Ultrason. 42 (April
(2)) (2015) 247–250.

[8] N. Bavalia, A. Anis, M. Benz, P. Maldjian, P.J. Bolanowski, M. Saric, Esophageal
perforation, the most feared complication of TEE: early recognition by
multimodality imaging, Echocardiography 28 (March (3)) (2011) E56–E59.

[9] S. Sainathan, S. Andaz, A systematic review of transesophageal
echocardiography-induced esophageal perforation, Echocardiography 30
(2013) 977–983.

10] A.G. Hinojar, M.Á  Dı́az, Y.W. Pun, A.A. Hinojar, Management of
hypopharyngeal and cervical oesophageal perforations, Auris Nasus Larynx
30  (May (2)) (2003) 175–182.

11] T. Herbold, S.H. Chon, P. Grimminger, M.K.H. Maus, H. Schmidt, H. Fuchs, S.
Brinkmann, M. Bludau, C. Gutschow, W.  Schröder, A.H. Hölscher, J.M. Leers,
Endoscopic treatment of transesophageal echocardiography-induced
esophageal perforation, J. Laparoendosc. Adv. Surg. Tech. A 28 (April (4))
(2018) 422–428.

12] J.N. Endicott, T.B. Molony, G. Campbell, L.J. Bartels, Esophageal perforations:
the  role of computerized tomography in diagnosis and management
decisions, Laryngoscope 96 (7) (1986) 751–757.

13] K. Ahmed, Y. Lal, S. Condron, Esophageal perforation: a rare complication of
transesophageal echocardiography in a patient with asymptomatic
esophagitis, Case Rep. Gastroenterol. 6 (3) (2012) 760–764.
uted under the IJSCR Supplemental terms and conditions, which
ion in any medium, provided the original authors and source are

http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0005
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0010
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0015
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0020
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0025
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0030
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0035
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0040
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0045
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0050
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0055
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0060
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0060
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0060
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0060
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0060
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0060
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0060
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0060
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0060
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0060
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0060
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0060
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0060
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0060
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0060
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0060
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0060
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0060
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0060
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0060
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0060
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0060
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0060
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0060
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0060
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0060
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0060
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0065
http://refhub.elsevier.com/S2210-2612(19)30421-3/sbref0065
http://www.sciencedirect.com
http://www.elsevier.com/wps/find/journaldescription.cws_home/723449/preface2

	Oesophageal perforation following transoesophageal echocardiography: A case report on successful conservative management
	1 Introduction
	2 Case report
	3 Discussion
	4 Conclusion
	Source of funding
	Ethical approval
	Consent
	Authors contribution
	Registration of research studies
	Guarantor
	Provenance and peer review
	Declaration of Competing Interest

	References

