
U
e
r

M
T
a

b

a

A
R
A
A

K
E
R
T
N

1

t
i
m
a
m

(
t
h
r
n

F

h
2
o

CASE  REPORT  –  OPEN  ACCESS
International Journal of Surgery Case Reports 53 (2018) 330–332

Contents lists available at ScienceDirect

International  Journal  of  Surgery  Case  Reports

j ourna l h om epage: www.caserepor ts .com

sefulness  of  intraoperative  neuromonitoring  for  preservation  of  an
xtralaryngeal  bifurcation  of  the  recurrent  laryngeal  nerve:  A  case
eport

asatsgu  Yanoa,∗, Yasufumi  Saitoa,  Makoto  Yoshidaa, Takafumi  Oshiroa,
oshikatsu  Fukdaa, Makoto  Ochia,  Yuzo  Okamotoa, Eiji  Onoa, Hideki  Ohdanb

Department of Surgery, JR Hiroshima Hospital, Hiroshima, Japan
Department of Gastroenterological and Transplant Surgery, Graduate School of Biomedical and Health Sciences, Hiroshima University, Hiroshima, Japan

 r  t  i  c  l e  i  n  f  o

rticle history:
eceived 3 November 2018
ccepted 8 November 2018
vailable online 14 November 2018

eywords:
xtralaryngeal bifurcation
ecurrent laryngeal nerve
hyroid surgery
euromonitoring

a  b  s  t  r  a  c  t

Introduction:  Recurrent  laryngeal  nerve  injury  is a major  complication  of  thyroid  surgery.  An  endotra-
cheal  tube  with  electromyography  electrodes  attached  to  it  was  recently  developed  for  intraoperative
neuromonitoring  during  thyroid  surgery.  Here  we  describe  the  successful  identification  and  preservation
of an  extralaryngeal  bifurcation  of the  recurrent  laryngeal  nerve  by  intraoperative  neuromonitoring  in  a
patient undergoing  thyroid  surgery.

Presentation  of  case:  A 56-year-old  woman  presented  for  evaluation  of a neck  swelling  found  during
a  medical  examination.  Computed  tomography  (CT)  revealed  a  tumor  with  a 5-cm  diameter  in  the left
thyroid lobe.  Fine  needle  aspiration  cytology  revealed  a Bethesda  category  III  finding.  Left  thyroid  lobe
resection  was  scheduled.  During  surgery,  the  left  recurrent  laryngeal  nerve  was found  to  be  adhered  to
the  tumor.  Careful  exploration  and  intraoperative  neuromonitoring  allowed  us to  identify  and  preserve
an  extralaryngeal  bifurcation  of  the recurrent  laryngeal  nerve.

Discussion:  The  recurrent  laryngeal  nerve  can  demonstrate  various  anomalies  and  bifurcations.  Failure
to notice  and  correctly  identify  extralaryngeal  bifurcation  leads  to recurrent  laryngeal  nerve  injury.  Motor

branch  injury  has  a particularly  large  effect.  Intraoperative  neuromonitoring  has  been  reported  to  be
useful  for identifying  and  preserving  the  recurrent  laryngeal  nerve  and  its aberrations  as  well  as  the
external  branch  of  the  superior  laryngeal  nerve  during  thyroid  surgery.

Conclusion:  The  findings  from  this  case  suggest  that  an extralaryngeal  bifurcation  of  the  recurrent
laryngeal  nerve  can  be  identified  and  safely  preserved  by  intraoperative  neuromonitoring.

©  2018  The  Authors.  Published  by Elsevier  Ltd  on  behalf  of IJS  Publishing  Group  Ltd.  This  is an  open
 artic
access

. Introduction

Recurrent laryngeal nerve injury is a major complication of
hyroid surgery. Oft-cited risk factors for this type of injury
nclude Graves’ disease, large tumors with mediastinal involve-

ent, advanced cancer, and reoperation. However, anatomical
nomalies such as a nonrecurrent inferior laryngeal nerve are also
ajor risk factors.
A recently developed electromyography endotracheal tube

NIM-Response3.0, Medtronic Japan Co. Ltd.), which is an endo-
racheal tube with electromyography electrodes attached to it,

as been reported to be useful for identifying and preserving the
ecurrent laryngeal nerve and its aberrations as well as the exter-
al branch of the superior laryngeal nerve during thyroid surgery.

∗ Corresponding author at: Department of Surgery, JR Hiroshima Hospital, 3-1-36,
utabanosato, Higashi-ku, Hiroshima, 732-0057, Japan.
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Nerve stimulation probes electrically stimulate the nerve and the
electromyography waveforms evoked from the arytenoid muscle
are monitored and assessed.

Here we describe the successful identification and preservation
of an extralaryngeal bifurcation of the recurrent laryngeal nerve by
intraoperative neuromonitoring using an electromyography endo-
tracheal tube.

2. Presentation of case

A 56-year-old woman presented for further evaluation of a neck
swelling found during a medical examination. Her physician had
performed an ultrasound examination, which revealed a tumor
with an approximate diameter of 5 cm in the left thyroid lobe. She

was subsequently referred to our hospital. On palpation, a mobile,
elastic, soft mass with a smooth surface and a diameter of 5 cm
was found in the left thyroid lobe. The cervical lymph nodes were
not palpated. Ultrasound examination revealed a solid 4.8 × 3.3 cm

 Ltd. This is an open access article under the CC BY license (http://creativecommons.

https://doi.org/10.1016/j.ijscr.2018.11.009
http://www.sciencedirect.com/science/journal/22102612
http://www.casereports.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijscr.2018.11.009&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
mailto:yano4masa@marble.ocn.ne.jp
https://doi.org/10.1016/j.ijscr.2018.11.009
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


CASE  REPORT  –  O
M. Yano et al. / International Journal of Surg

Fig. 1. Computed tomography (CT) findings for a 56-year-old woman  with a thyroid
tumor. Plain CT shows a low-density tumor with a major axis of roughly 5 cm in the
left thyroid lobe (A). On a contrast-enhanced CT image the internal portion of the
tumor shows densely and uneven staining (B). The trachea is displaced to the right.

Fig. 2. Identification and preservation of an extralaryngeal bifurcation of the recur-
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paralysis. The most common reason for a false positive finding is
ent laryngeal nerve by neuromonitoring during thyroid surgery in a 56-year-old
oman. A: anterior branch, B: posterior branch.

umor in the left thyroid lobe. Plain computed tomography (CT)
howed a low-density tumor with a major axis of roughly 5 cm in
he left thyroid lobe. On a contrast-enhanced CT image, the internal
ortion of the tumor showed dense, uneven staining. The trachea
as displaced to the right (Fig. 1). Fine needle aspiration cytology

evealed a Betheda category III finding.
We elected to perform surgery as per the patient’s desire for

esection and a suspicion of malignancy. During surgery, we  found
he left recurrent laryngeal nerve was adhered to the tumor. We
arefully detached the nerve from the tumor and traced it cranially.
t this point, we observed a thin band that appeared to cross the
erve (Fig. 2). As a precautionary measure, we performed intraop-
rative neuromonitoring with an electromyography endotracheal
ube (NIM-Response3.0, Medtronic Japan Co. Ltd.). A response was
bserved and identified to originate from an anterior extralaryngeal

ranch of the recurrent laryngeal nerve. We  were able to preserve
oth the anterior and posterior branches, while safely resecting the

eft thyroid lobe.
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Histopathological examination of the resected specimen
revealed an adenomatous nodule measuring 4.7 × 3.2 × 3.1 cm in
size.

The patient demonstrated favorable postoperative recovery and
was discharged on day 7 with no hoarseness.

3. Discussion

Recurrent laryngeal nerve damage during thyroid surgery can
considerably alert the patient’s quality of life. Accordingly to past
studies, the incidence of recurrent laryngeal nerve palsy after thy-
roid surgery ranges from 1.0% to 13.3% [1–7]. Thomusch et al
reported that the incidences of transient and permanent recur-
rent laryngeal nerve palsy were 2.1% and 1.1%, respectively [1].
Risk factors for recurrent laryngeal nerve palsy include reopera-
tion [4], malignant tumors [5], and concomitant node dissection
[7].The recurrent laryngeal nerve can demonstrate various anoma-
lies and bifurcation, such as a nonrecurrent inferior laryngeal nerve
associated with aberrant origin of the right subclavian artery [8].
For the prevention of injury to the recurrent laryngeal nerve in
such situations, surgery must be based on abundant experience and
performed more carefully than usual.

The recurrent laryngeal nerve typically divides into two or three
branches after entering the larynx. When there are two  branches,
the anterior and posterior branches constitute the motor and sen-
sory branches respectively. When there are three branches, in most
cases, the anterior and middle branches are the motor branches,
while the posterior branch is the sensory branch. In some cases,
the recurrent laryngeal nerve exhibits an extralaryngeal branch, at
a more central position than usual, before entering the larynx. This
phenomenon is kown as extralaryngeal bifurcation of the recur-
rent laryngeal nerve [9–12]. Failure to notice and correctly identify
this bifurcation leads to recurrent laryngeal nerve injury. In partic-
ular injury to the anterior branch, which is the motor branch, has a
particularly large effect [11,12].

An endotracheal tube with attached electromyography elec-
trodes was recently developed for intraoperative neuromonitoring
during thyroid surgery [13]. Initially, intraoperative neuromonitor-
ing did not find widespread use because of reports stating that it did
not help in lowering the risk of recurrent laryngeal nerve palsy, the
potential for false-positive findings, and the fear that it would inter-
fere with training in surgical techniques. In a previous study, the
use of intraoperative neuromonitoring in patients undergoing thy-
roid surgery was shown to have no significant benefit with regard
to the incidence of recurrent laryngeal nerve palsy [14]. However,
intraoperative neuromonitoring is being increasingly recognized as
a useful tool for searching and identifying the recurrent laryngeal
nerve, particularly in cases of advanced thyroid cancer, reoperation,
and large goiters [15]. Recently this procedure was also shown to be
useful for identifying the external branch of the superior laryngeal
nerve [16,17] and nonrecurrent laryngeal nerve [18]. In the present
case, intraoperative neuromonitoring helped us in identifying and
preserving an extralaryngeal bifurcation of the recurrent laryngeal
nerve.

As mentioned above, intraoperative neuromonitoring is asso-
ciated with a high false-positive rate of 10%–30% [13]. That is, it
occasionally fails to show a response even when there is no nerve
improper positioning of the electrodes. Therefore, it is important to
use standardized techniques that confirm to guidelines for recur-
rent laryngeal nerve monitoring [19,20].



 –  O
3 of Surg

4

n
r
b
s
g
n
i
r
s

C

F

a

E

d
r

C

f

A

p
t
f
m

R

n

G

P

[

[

[

[

[

[

[

[

[

[

[

O
T
p
c

CASE  REPORT
32 M. Yano et al. / International Journal 

. Conclusion

Intraoperative neuromonitoring has recently come to be recog-
ized as a useful tool for identifying and preserving not only the
ecurrent laryngeal nerve and its aberrations but also the external
ranch of the superior laryngeal nerve in cases of difficult thyroid
urgery. We  were able to identify and safely preserve an extralaryn-
eal bifurcation of the recurrent laryngeal nerve by intraoperative
euromonitoring, in a case of thyroid adenoma. Going forward,

ntraoperative neuromonitoring may  become a necessity for recur-
ent laryngeal nerve palsy risk management in case of thyroid
urgery [21].

onflicts of interest

The authors declare that they have no competing interests.

unding

This research did not receive any specific grant from funding
gencies in the public, commercial, or not-for-profit sectors.

thical approval

Institutional review board approval was exempted because all
ata were collected from clinical records and imaging systems for
outine preoperative planning.

onsent

The patients and her family provided written informed consent
or publication of this report.

uthor contribution

MY  performed the surgery and wrote the manuscript. YS and YO
erformed the surgery. MY,  TO, TF, MO,  YO, EO, and HO contributed
o critical revision of the manuscript. EO gave the final approval
or the manuscript. All authors have read and approved the final

anuscript.

egistration of research studies

This paper reports just the record of patient treatment. This is
ot a paper about research work involving human participants.

uarantor

Masatsugu Yano.
rovenance and peer review

Not commissioned, externally peer reviewed.

[

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
ery Case Reports 53 (2018) 330–332

References

[1] O. Thomusch, A. Machens, C. Sekulla, J. Ukkat, H. Lippert, I. Gastinger, et al.,
Multivariate analysis of risk factors for postoperative complications in benign
goiter surgery: prospective multicenter study in Germany, World J. Surg. 24
(2000) 1335–1341.

[2] H. Martensson, J. Terins, Recurrent laryngeal nerve palsy in thyroid gland
surgery related to operations and nerves at risk, Arch. Surg. 120 (1985)
475–477.

[3] C.A. Seiler, C. Glaser, H.E. Wagner, Thyroid gland surgery in an endemic
region, World J. Surg. 20 (1996) 593–597.

[4] C.Y. Lo, K.F. Kwok, P.W. Yuen, A prospective evaluation of recurrent laryngeal
nerve paralysis during thyroidectomy, Arch. Surg. 135 (2000) 204–207.

[5] L. Rosato, N. Avenia, P. Bernante, M.D. Palma, G. Gulino, P.G. Nasi, et al.,
Complications of thyroid surgery: analysis of a multicentric study on 14,934
patients operated on in Italy over 5 years, World J. Surg. 28 (2004) 271–276.

[6] D.O. Francis, E.C. Pearce, S. Ni, C.G. Garrett, D.F. Penson, Epidemiology of vocal
fold  paralyses after total thyroidectomy for well differentiated thyroid cancer
in a Medicare population, Otolaryngol. Head. Neck Surg. 150 (2014) 548–557.

[7] R. Bergamaschi, G. Becouam, J. Ronceray, J.P. Amaud, Morbidity of thyroid
surgery, Am.  J. Surg. 176 (1998) 71–75.

[8] A. Toniato, R. Mazzarotto, A. Piotto, P. Bernante, C. Pagetta, M.R. Pelizzo,
Identification of the nonrecurrent laryngeal nerve during thyroid surgery:
20-year experience, World J. Surg. 28 (2004) 659–661.

[9] P.M. Nemiroff, A.D. Katz, Extralaryngeal divisions of the recurrent laryngeal
nerve. Surgical and clinical significance, Am.  J. Surg. 144 (1982) 466–469.

10] C. Casella, G. Pata, R. Nascimbeni, F. Mittempergher, B. Salerni, Does
extralaryngeal branching have an impact on the rate of postoperative
transient or permanent recurrent laryngeal nerve palsy? World J. Surg. 33
(2009) 261–265.

11] J.W. Serpll, M.J. Yeung, S. Grodski, The motor fibers of the recurrent laryngeal
nerve are located in the anterior extralaryngeal branch, Ann. Surg. 249 (2009)
648–652.

12] E. Kandil, M.A. Khalek, R. Asiam, P. Friedlander, D. Slakey, C.F. Bellows,
Recurrent laryngeal nerve: significance of the anterior extralaryngeal branch,
Surgery 149 (2011) 820–824.

13] H. Dralle, C. Sekulla, K. Lorenz, M.  Brauckhoff, A. Machens, the German IONM
Study Group, Intraoperative monitoring of the recurrent laryngeal nerve in
thyroid surgery, World J. Surg. 32 (2008) 1358–1366.

14] H. Dralle, C. Sekulla, J. Haerting, W.  Timmemann, H.J. Neumann, E. Kruse, et al.,
Risk  factors of paralysis and functional outcome after recurrent laryngeal
nerve monitoring in thyroid surgery, Surgery 136 (2004) 1310–1322.

15] P.E. Goretzki, K. Schwarz, J. Brinkmann, D. Wirowski, B.J. Lammers, The impact
of intraoperative neuromonitoring (IONM) on surgical strategy in bilateral
thyroid diseases: Is it worth the effort? World J. Surg. 34 (2010) 1274–1284.

16] M.  Barczynski, A. Konturek, M.  Stopa, A. Honowska, W.  Nowak, Randomized
controlled trial of visualization versus neuromonitoring of the external
branch of the superior laryngeal nerve during thyroidectomy, World J. Surg.
36  (2012) 1340–1347.

17] M.  Barczynski, G.W. Randolph, C.R. Cernea, H. Dralle, G. Dionigi, P.F. Alesina,
et al., External branch of the superior laryngeal nerve monitoring during
thyroid and parathyroid surgery: International Neural Monitoring Study
Group standards guideline statement, Laryngoscope 123 (2013) S1–S14.

18] F.Y. Chiang, I.C. Lu, C.J. Tsai, P.J. Hsiao, K.W. Lee, C.W. Wu,  Detecting and
identifying nonrecurrent laryngeal nerve with the application of
intraoperative neuromonitoring during thyroid and parathyroid operation,
Am.  J. Otolaryngol. 33 (2012) 1–5.

19] F.Y. Chiang, K.W. Lee, H.C. Chen, H.Y. Chen, I.C. Lu, W.R. Kuo, et al.,
Standardization of intraoperative neuromonitoring of recurrent laryngeal
nerve in thyroid operation, World J. Surg. 34 (2010) 223–229.

20] G.W. Randolph, H. Dralle, International Intraoperative Monitoring Study
Group, H. Abdullah, M.  Barczynski, R. Bellantone, M. Brauckhoff, et al.,
Electrophysiologic recurrent laryngeal nerve monitoring during thyroid and
parathyroid surgery: International standards guideline statement,
Laryngoscope 121 (2011) S1–S16.

21] P. Angelos, Ethical and medicolegal issues in neuromonitoring during thyroid
and  parathyroid surgery: a review of the recent literature, Curr. Opin. Oncol.
24  (2012) 16–21.
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(18)30515-7/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0005
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0010
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0015
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0020
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0025
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0030
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0035
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0040
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0045
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0050
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0055
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0060
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0065
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0070
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0075
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0080
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0085
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0090
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0095
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0095
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0095
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0095
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0095
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0095
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0095
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0095
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0095
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0095
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0095
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0095
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0095
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0095
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0095
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0095
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0095
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0095
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0095
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0095
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0095
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0095
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0095
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0095
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0095
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0095
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0095
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0095
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0095
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0095
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0095
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0095
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0095
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0100
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0105
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0105
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0105
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0105
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0105
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0105
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0105
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0105
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0105
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0105
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0105
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0105
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0105
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0105
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0105
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0105
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0105
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0105
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0105
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0105
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0105
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0105
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0105
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0105
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0105
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0105
http://refhub.elsevier.com/S2210-2612(18)30515-7/sbref0105
http://www.sciencedirect.com
http://www.elsevier.com/wps/find/journaldescription.cws_home/723449/preface2

	Usefulness of intraoperative neuromonitoring for preservation of an extralaryngeal bifurcation of the recurrent laryngeal ...
	1 Introduction
	2 Presentation of case
	3 Discussion
	4 Conclusion
	Conflicts of interest
	Funding
	Ethical approval
	Consent
	Author contribution
	Registration of research studies
	Guarantor
	Provenance and peer review
	References


